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2E%H - FTREZLBFAFEMHBEREEFTRMNEE - ARG
F& ¥ s £4F Dr. Darwin Prockop 89 X Sk A B R & G A W6 m ik~
shie - AR R ARKFRFTZER - BAT» hEZNARH @ Alafatk
B 5% -

KB B R2ZHEME T A Novel Method for Detection of the
Staphylococcal Enterotoxin Genes from sea to sep ;> o Mi4Fw » 5l %
MEAFECHIREBEFTEIRLH O ERE  BARTHLERE —
XB7 (5R278) fe—FRAREFEAALENEHE FHEMFE
FHXE LR G RE A HUERT > FHERETRBAMAL
BRI ARAGMARE A X R AT EFTHEFFSER -

Ef2EAMBADCEBRRAMEMER FHEAE L B /2R
£ B FDA K # & 8. %8 & F % % (Pacific Regional Laboratory Southwest,
PRL-SW)  BATA B EHKARAMAEEY > BB EFHLABANR S
RAEEMB (MR RENARED E LT HHEIERRR
B RSR R T Bo T Bt o B B At 8 HLEE R 2 00 P RAR BAR RN R RoAR
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RRBCF > BRPLBEFCASBMBENEARZIMAT AN
# (Irvine )% % % (PRL-SW ) #247  #F F9( Los Angeles District, LOS-DO )
XM EMAE LSRR L BEERERY  ERNIMATATHRT
UNEREB TG > POAAERZ T ERIFRG > 44 10EE T
bl BAEFE KB BR B AL (o N~ £ ) AT ERSHE S 54
% & (Elizabeth A. Keville, Director) 32 F# #4& (Ted Dunn, Director,
Microbiology & Dennis Farley, Director, Food Chemistry) & # & (4o
Richard M. Ruby, Supervisory Microbiologist) » & Bk 4L 2 g4 4 44~
Mo R P REMAMTSRE S 30 £ 0 THENE BB B AT 5
& % #/ 18+ 205 % & £(Food Pathogen Specialist)» B AT i ##4& RT-PCR
R BR R A ZER R A A PCR ¥ i 804% BAM L& #%2 70 P KK,
HEARSKRATE MEEXHGTEHARBRETRBNRLZRKE N
WMAEY  RERBRBZATHRREYBWITHINIEE > £ 5% IOM
(Investigation Operation Manual ) #&4F F# (kold2E ) ZH5E o s
NEIIEREFDALINER S Z P AL L% E 54 (College Park ) & 3% >
EHAGTHMBRTZIRNEGHR (HRETEHFES 300 L) Tolppedik
TEREEREFHmMIIHRMA -

BRI FAFHRARLEF TR RERAK G A Loyl +
375 Dr. Eric Jonhson (BBt Mm4EA) Fris s R LR £ 518
B CDC z233E > RAFRATIANABAMBBETERRZHE &
MREMARBT A XABREETHE > THEFEMEH 0 TR EEY
REHE R SR AT hoH #13 K 2 POMONA &% E (3%
o) BACRB S BB RAA M 0 BB BT HEK IS
A BIWRERAR S FREALEFEERT - LRBRBERS - 54

¥

AN
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Md o HN LA ERRE AR AR R E 0 2K B AT AN BN ERR
BORTRESTFHEET AL T EFTHRAEYMEGBH AR - HML
R R ZARE B AMT F LA L -
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TANNEE E T

— - BmEHEM e EHE
EAERBEERNAT O EHIEREE L EME+HER B
BERFERBROMMAMM AL ARAMAENETFRMET
MEBFEGER S NAM  BEBRANERALR - @&~ d& 3> FEXRK
FENR 0 w2 % (May 20-May 24, 2001, Orlando, Florida) ~ B #3
(May 19-May 23, 2002, Salt Lake City, Utah )~ 3 2 #4% & (May 18-May
22, 2003, Washington DC) ~ 278 @ B (May 23-May 27, 2004, New
Orleans, LA) (B#-+—)~ Z45 3 A (June 5-June 9, 2005, Atlanta,
Georgia) ; AR AN — 58+ AE+ =AM > B AT —FRITHEEL
3 BAMALE BEIFEFPEIA - LTARETALNG
RABRLFBELEEBAREG BRAREGZXIHRERLAETHREL (early
registration) H A ERA EABAMNEE > BEHEBLE LB FRENR
28 0 BRI L (on-site registration) BYLLBZ late registration & A & ; #F
B BRBEAFTX  HEFARLAUIERA S B RERAEF
LB R THIFEHRHAT P BEHTRGEA EFEARE
FAAGEE (3% R, http://www.asm.org ) °
FATHEBTEFRNWBEEERREB TR > mBEHEARYS
EOMA R AABRLRET-HE  HRAEFIEA T LW RIK
FEAAEE > ARBBEBEATRFERALERN  LERFATENR
& AR@EREB AN E  BARBMBRERE - THIREBZILE ~ 7
BLREME RAGEE L UBMRARES IMERTZEEERE. .
EHIH B 0 FACH AT R L ERSKOITE S 2ENBEANIEE
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BREARERRRETIZEATE > ik ~ By - 2R EHESE
3ABARARREIAAZEN > ERMRBAENER 0 AL RITR

33 B-mail @A GR B B R TR M YR LS ER S
ABEABHRNZHEDERE /B ENEBERIFEH E-mail » &
TERFEHEG T ——R T MR -

=~ %/u ASM Z A8 R %)

S BRI ASM 4 0 SPRERRGBERAMPARLE R ER
B MARETURFBAI/ERER > EH LM AMEBE > £
TURRAABLEZEFTBAET N ABHEAHZ T A Novel Method for
Detection of the Staphylococcal Enterotoxin Genes from sea to sep | 75 &5
WEZHEZBRBRRFZ— BT AAERGX - AR SR FA
BN ETHRAMESLEFHE BATURLAELORERS B
WhHE S AR XTEREIFBENARLEEEABAL $RELR
R R B R E R EAEE - BN EMHE  BEAGLE B
1o~ EERE BER RSN B ST eRERL
MAEY > BRABN R E o2& PH R R AABRE L E R
GEDNS EE

LARMAMEERABBRARELEL  FRAZBEFTROBE B
FRBASLTHEOBNEZ AR RATHMRARE  BIERE -
RARGREMMA BEARHX - FEBRRBACAB R E RGO R
%o N ERESEE o 3 ASM EABBESER S GXHRE 2R
MR A EER s AR ZHES T2 RY FTLRERZAY
B AR LA ELARBE T B, FHE N
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Iz Y | U NEEMm ) (Y Division s _Public Health) » H %3
BrRIEAE R RBEE TR T2 REB AR FRARIHLR S
MM ERLEE > LAE H4 £ BE FDA ~ CDC ~ USDA ~ NHI % ¥ 1 2
FERATHIPIAR » REAREHEOBEHATREES DL F
B — 7 @ E IR R E MR TR X AT R B AP AT R ARG 0 sbATEE
ARERPER A 0ARLESS Y A09HEBEMNE F A Dr. Brian D.
Sauders ( Cornell University, Department of Food Science, Food Safety
Laboratory; 405 Stocking Hall, Ithaca, NY 14853. Phone: (607) 255-1266
Fax: (607) 254-4868; Email: bds26(@cornell.edu;
http://www.foodsci.cornell.edu) % BB FRETHFR Y L L5IFEES - &
MERBATR TR L L B2 THAFH S EERGEER I TS
o ERA T BYRRBE | LB IANLRMENE R TUARS
AHBEEAER  BUERELRAREE B EAMEAERS R
EMERAEEE LA RSOBELBRDARIES - B aMHk
FEMY X BFEE > TR MBEEN TN I AZITE B
FE L Dr. Sauders 54\ M % S kA ranAERMEamEEY
fe o

BEaX T @mA S RARBILE LM > E P44 ADLE
o e N BRMEGIMAR: ARBENHBRETE LT BHAERA
BAEBBOET - —HRABHEDEWE > CTRABARENRE TS
By(swim)fe fe B fE a3k dh L B0 R AL Beft B 8445 % (swarm) - % — 28
HEWHMREL  CTHEABEE MR ARA LSS MWLM ERE
FE B $ Bt it 2 - NAZ R AW BRI AR, © A A. caviae IR £ R B F 5
BT RS AN BEEZ oW BTREMEERREZ
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Mrko B A RIIRE RS BAE N th bR — Btk o MEMEHEH PCR F ik
HRARMBEERR > HERTAMBENELRBHEANERE R - &
HHIEAEETREMRERASEAMRE RILETAMMELE
(laf ; lateral flagella) &) H S AR ARIMEG BT - & RER UMM
STERIMMENE 4L BX A A %Y HEp-2 tafla o) R I ANAR
fe Ao A ML T RAE ST o 7 b — B A ST R AT R BRI R — B Ay
AECHARBFEARNAZRH LR AN ARAALEAEFNR
FoaRRBEADREARBIES c BEHFME TR G — LR
A R 4o agr »sar ~sigF ~sae R arl IR E ek —4L 8L SarA AR
BMZEGRENRALEE  c AERTF rot HERIKLFERNHRAR
GEBEfa-FE Ak agr RERB BB TERBIRRE M
3, » Rot & — {8 SarA BlIR& & & » T A B8 #1 SarA FlRe & G
AR GARAEERAR Y - BbEH B d A B XFHR Rot # 2
FENHKAFRAR ARG RAIEEY - XA A LD IR L
agr B agr rot R GIR AW ER - HERET > Rot R
BihEN A e CREOMAZESFEHHRANER - F—F
# Rot #1 agr #H BZARAZMRAPITLR - BERE— P~ Rot
EARENIRBAFHRTARNGAZ LN EELZAL - HaBRAELL
SREENARFAETHREBRMAARTQETREAREHA A
FHRE -

B HPN ASM Pz & 5 # F £ 4% (Continuing Education
Credit » CE Credit) > & f£ K @4 R ATH % ($30) > B AFEARTAATE &
32 E-central &4%% 51Ep > % 6 A 11 B A E#9 (www.asm.org) B4k & £
FIEP » Sb) BT IR RAR AT Aot R C RELEF W ER - BRA LM
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FABMBFTR G LFERBANF ST ERHRLFTRNET ARELR
BRERR - ARG BRALHABRAMBEL HTeemB e
(workshop) » &K B4/ & & A ARG » 1248 3T @ a9 RSP
BB EBRAF R H THRBRICO 555wt s €33 B E% T
Ko feiBEaHENEE BHAUNAREEFRNEG RTF&
gh 0 £ ASM #hHEsE b MR W S RIEH PG ARE > A oE T LaiEl
%o RPN SARLEEENEN > THSHMETE 4T AR
B4 A 418 B B — M IE & B ¥ K R R v www.Microbe.org %
# NP3 0 www.MicrobeLibrary.org 734t ¥ A T BHAHF
% » www.MicrobeWorld.org Rl %8B A > BIGENFEARRFEER -

=%

HERZAAMEE)

LARSENEERRER GBI EFRELS T AL BB REA S
WA ZF > m3T2 e o4 F M (Bacterial Analysis
Manual, BAM) 7 & KGRI 52 E R LHIRE - ATTHAEMA
R I A SR R R R R R BT R 2 A LR EAR
AR EHBT AR LM AATEIZ G 0 F B T AR R MR
SPHEXAHRE FHEABABZRIERS  FAFKRAREL T H
EHREERSRAZSA - ARG BRE > BREIMAYE  #n
RAREF BRI B EGHEE > dHRAHBESRDLRLHRMA » WHO
CEHRBERIAHESZHAEMAMAE  LBRIT TERELRER
By EANBMANERHALZAME  BAIRKLAHF SRS RLAEH
REE A% BMEEEMENSE  REEWEREFEIRALNOT X
EEAFAE - B FDA —a A KD L EAY LM ¢RE L2428



2o HERBHRBEREMRE > BikoiBEREH P HFEANEE MK
o BATEURAZHME RBE RS2 ES 0 AT S5 ASM F 236
DIEBA RS M E YA B EFE LA R e BREHEE LB AT
TP fE FDA K EBEHTHRE (PRL-SW) 4> B ER & A hoi
BALH— IR ARE > FHEESEE ARXREHALTERAEKR
W R I I B e R HIMER B BRI EAT A Ao
Wy 35S o 64 oM FHE K2 POMONA S AR B LR 2
AR AXBEBE T GEfLENGBEHAY > ENmMAERE
(California State University, Irvine) ( M+ =) 3368 FDA #utik
W M ARBERR > FELAREAHEHRES - HNREGATERN
MARLDBRHEL  AEBY RO LR FRLIRNEHTE
BTG TRIMP LA BER AR REFOBE Y BRER
TEAMRERELME R RIS F -

g~ &=

AT R M AR EEN LR ERRBGREHAMEES THRES
T TEER, MER  RIIE S SR BRBE W BRI F
KOBREBRELHMAMEREHZRENEL TR L FETEHR
EUR S EMARBI BN R ER > IFTHEd S @R ER] RRBRRM
kot B oy o HLEBBBEAI-HEARRRSEERNLRAMEHF T &
BEFARRA B S o
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BB - AMEERAF LI BITREE2NEAS - RIea
EEREIMEARGDH I KA ARERE P EHE =T BB
EFHPFRE - HHARTREIFER L AAATRERBEZ TN
AR BUHA R 5 ARIERRES - AR B A L - R A - R ERE
T G RARE T TEMRE  FEFE B LN AN RAEL YT
B F R BRI SRBAR c M Y ey @i 4 A Brian D
Sauders #2 g # R 245 B 4% > MG AT R ERMEF L BN -
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k- ABRMAWSE-OwE Fo%hi

General meeting Program-at-a-Glance

Saturday Sunday Monday Tuesday |Wednesday Thursday
May22 | May23 | May24 | May25 | May26 | May27
7:30am - | 7:30 am -
2:00 pm 2:00 pm
12:00 noon | 7:00 am - | 7:00 am - | 7:00 am - | 7:00 am
» -5:00 pm 5:00 pm 5:00 pm | 5:00 pm |-12:00 noon
3| 8:30am- | 8:30 am -
4:30 pm 4:30 pm_ - e N
8:00am- | 8:00am- | 8:00am- | 8:00 am-
10:30 am 10:30 am || 10:30 am | 10:30 am
| 2:30 am - | 2:30 pm- | 2:30 pm -
5:00 pm | 5:00 pm | 5:00 pm_ B
| 9:00am - /9:00 am- | 9:00 am - | 9:00am -
112:00 noon /12:00 noon | 12:00 noon /| 12:00 noon
1:00am - {1:00 am- | 1:00am-
| 4:00pm '4:00 pm | 400pm o
9:00 am - | 9:00am - | 9:00 am - -
| 400pm | 4:00pm | 4:00pm
Opening | President's President's
Sessions Address Forum
6:00 pm- | 5:30 pm - 5:30 pm-
. 7:30pm | 6:30pm | | 7:00pm |
10:45 am- | 10:45 am-:| 10:45 am-
11:45am | 11:45am | 11:45am
1:00 pm- | 1:00 pm- | 1:00 pm-
~2:00 pm 2:00 pm | 2:00 pm_
Opening President's
Reception Forum
7:30 pm- Reception
10:00 pm New
Orleans
Marriott
7:30 pm-
10:00 pm
| |
JW | | ] i
[ [
i
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%= - % 4 (Workshop) 3 =% & 5% %]  (5/22)

01. May 22, 2004 8:30am - 4:30pm

Workshops WS-01. Introductory Clinical Mycology: Help for the Beginner

02. May 22, 2004 8:30am - 4:30pm

Workshops WS-02. Concepts for Establishing and Operating a Microbial Culture Collection

03. May 22, 2004 8:30am - 4:30pm

Workshops WS-03. Rapid Cycle, Real-Time PCR for the Clinical Microbiological Laboratory (2-day)

04. May 22, 2004 8:30am - 4:30pm

Workshops WS-04. Rapid Cycle, Real-Time PCR for the Clinical Microbiology Laboratory

05. May 22, 2004 8:30am - 4:30pm

Workshops WS-05. The Laboratory Information System (LIS): Maximizing Its Value in the Clinical

Microbiology Laboratory

06. May 22, 2004 8:30am - 4:30pm

Workshops WS-06. Anaerobic Bacteriology for the Clinical Laboratory

07. May 22, 2004 8:30am - 4:30pm

Workshops WS-07. Susceptibility Testing Update for the Clinical Microbiology Laboratory
08. May 22, 2004 8:30am - 4:30pm

Workshops WS-08. GMP Series: Significance and Approach to Objectionable Organisms in a GMP

Environment
09. May 22, 2004 8:30am - 4:30pm

Workshops WS-09. Requiatory Update on Changes in Coding and Reimbursement

10. May 22, 2004 8:30am - 4:30pm

Workshops WS-10. Algorithms and Streamlining for the Clinical Microbiology Laboratory

11. May 22, 2004 8:30am - 12:00pm

Workshops WS-11. Modern Phenotypic Testing Approaches to Complement Genomics

12. May 22, 2004 8:30am - 12:00pm

Workshops WS-12. The Gram-Positive Challenge: Clinical Importance of Aercbic Catalase-Negative

Gram-Positive Cocci
13. May 22, 2004 1:00pm - 4:30pm

Workshops WS-13. Clinical Mycobacteriology: What is Old, Still Used, and New
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% = - 58 ¢ (Workshop) 3k & 85 %] % (5/23)

14. May 23, 2004 8:30am - 4:30pm

Workshops WS-14. Validation, Verification and Accreditation

15. May 23, 2004 8:30am - 4:30pm

Workshops WS-15. Verification of Training and Ongoing Competency in the Clinical Microbiology
Laboratory

16. May 23, 2004 8:30am - 4:30pm

Workshops WS-16. In Vitro and In Vivo Test Methods Used to Assess the Efficacy of Topical Antimicrobial
Products

17. May 23, 2004 8:30am - 4:30pm

Workshops WS-18. Gram Positive Rods in the 21% Century: An Updated Look at Bacillus, Listeria,

Corynebacterium and Other Related Aerobic Gram-Positive Rods
18.May 23, 2004 8:30am - 4:30pm
Workshops WS-19, Biofilms V: Molecular Biology and Reporters
19. May 23, 2004 8:30am - 4:30pm

Workshops WS-20. Microbial Source Tracking Using Indicator Organisms

20. May 23, 2004 8:30am - 4:30pm

Workshops WS-21. Current Advancements in Predictive Microbiology Tools

21. May 23, 2004 8:30am - 4:30pm

Workshops WS-22, Rapid, Cost-Effective Identification of Gram-Negative Rods

22, May 23, 2004 8:30am - 12:00pm

Workshops WS-23. Select Agents: How to Prepare Your Laboratory for Inspections
23. May 23, 2004 8:30am - 12:00pm

Workshops WS-24. Modern Molecular Microbiology

24. May 23, 2004 8:30am - 12:00pm

Workshops WS-25. Microbiological Applications of RNAi Technologies

25. May 23, 2004 1:00pm - 4:30pm

Workshops WS-26. Conducting Research with Category A Bacterial Select Agents: Requirements and
Opportunities

26. May 23, 2004 1:00pm - 4:30pm

Workshops WS-27. Staphylococcal Small Colony Variants (SCVs)
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AZ o ARMADZERERABRESES A (A-L)

Division Descriptions

Division A

Antimicrobial Chemotherapy

Division A is concerned with the discovery, mode of action, development and
use of antimicrobial agents, and the mechanisms by which infective agents
develop resistance to these compounds.

Division B

Microbial Pathogenesis

Division B is concerned with understanding (i) the genetic,
biochemical, and structural basis of the pathogenesis of bacterial and
protozoan diseases (including toxins, colonization, invasion,
immunity avoidance, and other virulence mechanisms) and (ii) host
factors in the infectious process.

Division C

Clinical Microbiology Web Site

Division C is involved with methods for detection, isolation, identification,
characterization, and antimicrobial susceptibility testing of clinically
significant microbial pathogens or their products of diagnostic significance,
e.g., toxins, antigens, nucleic acids. Also involved with diagnosis-oriented
investigations of these microorganisms.

Division D

General Medical Microbiology

Division D is concerned with in vitro studies of medically-important
bacteria including the genetics and physiology of pathogens (their
surface structures and antigens), mechanisms of adherence,
phagocytes and phagocytosis, and the etiology and classification of
new agents.

Division k£
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Immunology Web Site

Division E is interested in immunity to bacteria, fungi, parasites and
viruses, cellular and molecular mechanisms of humoral and cellular

immunity, phagocytic cells and constitutive host defenses, cytokines,
immunomodulation by microbes, microbial products and other factors
(e.g. stress, nutrition), adjuvants and vaccine development.

Division F

Medical Mycology Web Site

Division F encompasses the biochemistry, molecular biology,
genetics, morphogenesis, pathogenesis, immunology, epidemiology,
laboratory identification, in situ detection, and taxonomy of fungi,
especially those known to cause disease in man and other animals,
and the therapy of those diseases.

Division G

Mycoplasmology Web Site

Division G encompasses the genetic, pathogenic, immunogenic,
taxonomic, biochemical, and clinical aspects of the animal, human,
plant and insect mycoplasmas (Mollicutes).

Division H

Genetics and Molecular Biology

Division H encompasses genetic and molecular biological studies of
the regulation and detailed mechanisms of transcription, translation,
and replication in microbial systems.

Division I

General Microbiology
Division I encompasses a diverse range of interests including the

growth, development, behavior and ecology of the entire spectrum of
microorganisms.

Division J

Ultrastructure and Function Web Site

29



Division ] is concerned with ultrastructural analyses of microbial cells
and of communities of microbial cells adherent to surfaces using
biochemical, genetic, and microscopical techniques which yield
information concerning organization on the molecular, cellular, and
community levels.

Division K

Microbial Physiology and Metabolism Web Site

Division K encompasses the integration of biophysical, biochemical,
molecular biological, genetic and other approaches to understanding
structure/function relationships of diverse microorganisms. Microbial
physiology includes the study of microbial metabolism, enzymology,
cell envelopes, transport, responses to environmental fluctuations,
growth, differentiation, and other related processes.

Division L

Nosocomial Infections

Division L encompasses the microbiology and epidemiology (including
pathogenesis, diagnosis, control and treatment) of hospital and
institutionally related infections and all levels of basic through applied
research and clinical trials of interventions to reduce the occurrence
or provided prompt diagnosis and treatment of such infections.

Division M

Bacteriophage Web Site

Division M is composed of researchers dedicated to the study of
bacterial viruses. Current topics of interest are: assembly and
structure, genome structure, initiation of infection, regulation of
transcription and translation, replication, recombination, repair,
viral-host interactions, new phage systems and molecular cloning
technology.

Division N

Microbial Ecology
Division N encompasses the ecology of natural microbial assemblages
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and laboratory approaches that help us understand microorganisms
in natural environments, such as water, soils and in higher
organisms.

Division O

Fermentation and Biotechnology Web Site

Division O serves members with interests in the molecular biology,
genetics, biosynthesis, and bioconversions of natural products
including antibiotics, xenobiotics, and macromolecules produced by
procaryote and eucaryote microorganisms and animal cell cultures.
Programming is directed toward modern molecular aspects of
biotechnology and industrial microbiology.

Division P

Food Microbiology Web Site

Division P is concerned with fundamental and applied microbiology on
food-associated organisms: their growth, identification,
biosyntheses, control, interaction with hosts, genetics, toxin
production, influence on food quality and safety, and application in
food fermentations.

Division Q

Environmental and General Applied Microbiology

Division Q serves microbiology from both applied and environmental
fields, including the traditional fields (public health microbiology;
disinfection; environmental virology; water and wastewater
microbiology) and developing fields (biodegradation of xenobiotics;
corrosion; microbial interactions with metals; biofouling; aerosolized
microorganisms; environmental considerations for genetically
engineered microorganisms; soil and subsurface microbiology).

Division R

Evolutionary and Genomic Microbiology Web Site
Division R is a forum for the study of microbial diversity and
systematics, and development of the laboratory, bioinformatic and
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conceptual tools required to characterize and understand the
evolution of genes, genomes and organisms.

Division S

DNA Viruses
Division S is concerned with basic and applied microbiology of animal
viruses with DNA genomes.

Division T

RNA Viruses

Division T represents all ASM members interested in the structure
replication, pathogenesis, and epidemiology of RNA-containing
viruses of prokaryotic and eukaryotic cells.

Division U

Mycobacteriology Web Site

Division U is composed of members involved with mycobacteria and
its diseases, on a research, diagnostic, public health, or teaching
basis.

Division V

Clinical and Diagnostic Immunology

Division V (i) promotes research toward understanding the processes
involved in the host immune system and its responses; encourages
development and application of antibody, antigen, and
molecular-based diagnostic procedures to assess the integrity and
functioning of components of the host immune system, and supports
clinical approaches to immune-mediated diseases; (ii) promulgates
information on antibody, antigen and molecular-based diagnostic
procedures, including the significance, interpretation and limitations
of these assays; and (iii) encourages standardization and quality
control of procedures and reagents used in clinical and diagnostic
immunology laboratories.

Division W
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Microbiology Education Web Site
Division W provides a forum for members interested in microbiology
education at all levels, including pre-college, college and university,
and health professional curricula.

Division X

Molecular, Cellular and General Biology of Eukaryotes

Division X encompasses researchers dedicated to the study of
nucleated cells of both microbial and higher organisms. Current topics
of interest include molecular mechanisms of basic cellular processes,
structure and function of subcellular oganelles, and evolutionary
biology and ecology of eukaryotic microbes.

Division Y

Public Health Web Site

Division Y serves members with a primary interest in public health
practice and infectious diseases. Involves the contributions of
microbiology to surveillance, epidemic investigations and other public
health activities.

Division Z

Animal Health Microbiology

Division Z is the forum for investigators whose interests encompass
the diseases of animals (e.g. companion, food and exotic) and the
control or treatment of those diseases using antimicrobial agents,
vaccines, probiotics, etc. Current topics of interest include animal
pathogen diagnostics, veterinary or zoonotic pathogen antimicrobial
susceptibility testing, surveillance/ epidemiological studies, new
technologies to reduce on farm zoonotic pathogens, immunology and
pathogenesis.

Division AA

Free-Living, Symbiotic, and Parasitic Protists
Division AA's purpose is to bring together those with interests in all
aspects (e.g., behavior, biochemistry, cell biology, chemotherapy,
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cultivation, ecology, evolution, genetics, life cycle, molecular biology,
morphogenetics, natural history, pathogenesis, parasitology,
phylogenetics, physiology, systematics, taxonomy, and
ultrastructure) of eukaryotic microbes that include those known as
the "single-celled, unicellular or acellular organisms," protozoans, the
lower algae, and the lower fungi.
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®O, ARMAMEEGE - I mEFELARERERBIEHR

A (BREBHRRE #)

Division A: Antimicrobial Chemistry (156)

Division AA : Free-living, Symbiotic, and Parasitic Protists (18)
Division B: Microbial Pathogenesis (503 )

Division C: Clinical Microbiology (370)

Division D: General Medical Microbiology (287)
Division E: Immunology (103 )

Division F: Medical Mycology (102)

Division G: Mycoplasmology (28)

Division H: Genetics and Molecular Biology (215)
Division I: General Microbiology (152)

Division J: Ultrastructure and Function (40)

Division K: Microbial Physiology and Metabolism (187)
Division L: Nosocomial Infections (13)

Division M: Bacteriophage (34)

Division N: Microbial Ecology (355)

Division O: Fermentation and Biotechnology (121)
Division P: Food Microbiology (125)

Division Q: Environmental and General Applied Microbiology (525)
Division R: Evolutionary and Genomic Microbiology (87)
Division S: DNA Viruses (12)

Division T: RNA Viruses (35)

Division U: Mycobacteriology (99)

Division V: Clinical and Diagnostic Immunology (37)
Division W: Microbiology Education (31)

Division X: Molecular, Cellular and General Biology of the Eukaryotes
(23)

Division Y: Public Health (50)
Division Z: Animal Health Microbiology (45)
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KA~ ABRBAEME G T ZHT

Journal

Production
Editor

IAntimicrobial Agents and

. 11(202)-942-9231
Arthur Gelmis .
agelmis@asmusa.org

Chemotherapy
IApplied and Environmental Barbara (202)-942-9219
Microbiology Slinker slinker@asmusa.or;
Clinical and Diagnostic Anastacia (202)-942-9215
Laboratory Immunology Thomasian homasian(@asmusa.org
o . . . . (202)-942-9231
Clinical Microbiology Reviews  lArthur Gelmis .
gelmis@asmusa.org
New Journal in 2002 -- . [1(202)-942-9231
. [Arthur Gelmis .
[Eukaryotic Cell gelmis@asmusa.org
, _ _ . 202)-942-9288
[nfection and Immunity Diane Smith .
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Modern Phenotypic Testing
Approaches to Complement
Genomics

ASM Workshop #11, New Orleans, May 22, 2004

SICLCGE

Workshop #11 Facuity

Barry Bochner, Biolog, Inc.
Jean Petter-Bouidin, USDA
Ian Pauilsen, TIGR
Kenn Rudd, Univ. of Miami

Workshop #11 Agenda

8:30~-9:45  History of phenotypic testing, development
and application of modern methods. Bochner

' 9:45-10:00 Break

10:00 -10:30 Phenotypic analyis of Salmonella strains:
a chicken and egg story. Bouldin

10:30 — 11:00 Phenotypic analysis meets genomics:
transporters in P. aeruginosa. Pauisen

11:00 - 11:15 Break
11:15 - 12:00 Phenotypic analysis and genomics meet
bioinformatics: tools and approaches. Rudd

SiCLCG

A Brief History of Phenotypic
Testing in Microbiology

i An Old and Difficult Problem

hi3]

The Complexity of Microbial Life

Microoganisms Found in 1 Miiligram of Soil

BiOLCG
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Phenotypes Reflect the Genome [

Phenotypes reflect
the cellular genome,
163/18s-rRNA gene(s) Lo Ova o
BiCLCG

i Disadvantages of Phenotypic Testing :

&

Soma phenctypes may be unstable

Does ot work well with very siow growing microbes,
axtremophiles, uncultursble bactara

{ Advantages of Phenotypic Testing

%
Tasts thousands of ganes Instead of ane
Strong theoratical basis — phenotypes reflect the
composition of the genome
Teats have biclogical importance
Easy and inexpensive to perform

J

ZioLCa

L Advantages of 16s/18s Testing

DNA is normally stable

Can be used for all microbes including siow growers,
xtremophiles, and unadturable bacteris

8i0OLCG

————{ Disadvantages of 16s/18s Testing

Tests only one gene
Single gane phyiogenies can be inaccurate

Fails to make some important distinctions,
«.9. E. coll vs E. coll 6157 and Shigeita or
B. cereus va 8. thuringiensis and 8. anthracis

No & priori theoretical basis for species identification
Resuits contain ne biological information
Expensive to perform

Phenotype MicroArrays™
Assay 2000 Cellular Traits Simultaneously

Provide Metabolic/Physiologic Scans of
Cellular Pathways in Living Cells
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Global Cellular Analysis \J——J

DNA

\ / Aftymesix, 1993 | OFamel, 1975

———+ RNA —— PROTEIN — = — — + PHENOTYPE

Biolog, 2000

Molecular Analyses Calular Analysis

BIOLCG

result from an i of genomics and

Assay of Cellular Pathways by [E—
Respiration J

Generating Kinetic Data from
Phenotype MicroArray Resuits

PM Patiern

SiCLCG

PM Kineoc Resurt

PM Technology to
Integrate Metabolism and Genomics:
Carbon Metabolic Pathways of
Helicobacter pylori

SICLCG

Predicted H. pylori Metabolism I~

A Marale ot 21 {1999) Microblot Mol Blot Rev 83:642
7. Doig et al__(1999) Microblol Mol Blol Rev 83:678

J, Carbon Metabolism of H. pylori in PM ;

Letactic scid

2-keto-glutaric

EIGLOG
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Carbon Metabolism in H. pylori I

Fradictad eMoata
Ghesoen Ghucess Ghocooa, G1P, F4P, NocGhuconsmine
\ Meltoas, Daxtrn, Giycogen, Manasn, Duicer
Palstinces, Golnctasrh-Ars binese
Amosase D-nbese D-Ribcos, Neciesides
/ 3-Kate-0-Ghvcomatn, Pectia
s Prruvate, Dtactsta [—yy
| L-Sor, DL-Ade Ackatins, D,t Ala, Alnimsmide, O-Sar, D-The
serbCod Acutatn, Acetmacatats, Ethanel  Amineethanel
Qualasstain  ——=Sxat
heMuinte Liscate Lrhslete O Mamen
fumants Sceakate Lrhspartam, Pepides Ldspertata, Fumarsta, L-Asn, Peptides
sy —————Eateshaani K, Succinetn K. Sucxineta, Methrt, Srome, Amubo Extars
— LGatamatn, Pepesbes LChamata, L-Gin, LPre, Peptibes
BiCLOG

Conclusions

L

1. Genomics gives a "sterile” view of metabolic pathways.

2. H. pylori, E. coli, S. cerevisiae, human cells all have the
glycolytic pathway and TCA cycle but metabolize
glucose very differently.

3. We cannot yet interpret regulation of metabolism from
the genome sequences.

4. PM technology allows us to see what pathways are
present and which are active. It provides needed
biological information to improve genome annotation,

BiCLoG

Expansion of Phenotypic Testing
beyond Carbon Metabolism
and Comparison of 2 Strains
with PM Technology

Using Phenotype MicroArrays™
to Compare Two Cell Lines

4 Korvenc st

BIOLCG

Omalog PM System

BICLOG
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I cCell Respiration: Universal Reporter ————

1

’1 Reproducibility: 5 Runs of E. coli MG1655
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*——{ Reproducibility: E. coli MG1655 in PM
B Determining Nutritional
Preferences and Needs of
Microbial Cells
L
Lot
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BIiOLOG BIOLOG
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' What Cells Need to Grow |

[ What Cells Need to Grow |

PM1-2 PM3-8 PM4 PM5 PM9 PMI10

PM1 - no
additions

PraA

PHL - witn
Learginine

s

C carbon and energy. C + + + + +
N proteins, nucleic acids N + + + + +
P phospholipids, nucleic acids P + + + + +
S proteins, glutathione, CoA S + + + + +
K Mg + + + + + +
Mg  enzymes, ATP K + + + + + +
Ca Ca + + + + + +
Fe  enzymes, cytochromes Fe
Trace minerals Trace minerals
Water Water
Osmolarity (NaCl) Osmolarity (NaCl) X
pH (Buffer) pH (Buffer) X
ExeiRe:c Temperature S:.010G Temperature
Yersinia pseudotubercuiosis | ; PP ;
type strain is arg
Combi of ionic/i ic osmolytes

as well as biologically/environmentally importaat ions

NaCl, KCl, Na2SO4

NaCl with osmolytes

PO4

NH3

Urea, Ethylene glycol

Formic acid, Lactic acid, Benzoic Acid
Nitrate, Nitrite

ZiCLZE

S !
, PM10 -

pH range of growth
pH control at acid range (4.5) with decarboxylases

pH control at alkaline range (9.5) with deaminases

BICLOG

PM11+ :

Antimicrobial sensitivity is best tested in a
lower nutrient, lower salt medinm
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PM Comparison of Isogenic

Assaying Genetic Changes
with Phenotype MicroArrays

Strain Pairs to Determine Genotype Phenotype
) Phenotype
Function of Genes MicroArays
E. coli
Knock out a gene Which phenotypes change?
SICLCE SiICLCaE
7

Dnl.lmn
E. coli malF::Tn10 vs MG1655 ———

Cognate Pair: arcA and arcB

E. coll arcA vs MG1655 E. coli arcB vs MG1655

Daintion of aria (iramacripttonnt regutstnr] st n momy

=]
et 2 O et et e S

ZICLOGE  red = Phenotypes tomt Grean = Phanotypes Gained ZiICLCG
———{ Summary of E. coli PM Studies}——~—-—
Pathogenicity and Metabolism:
1. Most expected phenotypes can be detected. Comparison of
2. Unexpected phenotypes are often detected as well. . .
3. For genes of unknown function we detect at least Patthemc Vs Non-Pathogemc
one phenotype in about 2/3. Microbial Strains
Vibrio, Listeria, Yersinia
ZICLOGS EICLCG
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Comparison of Less (Classical O1)
————#—1' and More Dominant (El Tor O1)
|

| Stimulation of V. cholerae “Classical” |
i H

by Tween 40 :
Vibrio cholerae ' Y

2ioLICE Mskalares snd comrokart have roperted vary itte BICLOG

| ! PM Analysis of L. monocytogenes prfA*
h icity Alleie

{ Pat

1= L monocytogenes .
| Bl iafea ey FURTON I Increased
3= 1028 sran e N Utlization of
4= L nanowl cep

‘i__ia s

n orfas

A -

BICLZG Listeria strains from Jose Vasquez-Boland

f

Sugar-P04 Metabolism Aids | : P f
L Intracellular Growth { i Yersinia pseudotuberculosis
Tempersturs comparison; Grean = 26C  Rad » 33C (48hr}
\\) W &&r ; \
) \ cJ '
HM/E —_—
sugar - PO4 3 feveir oy o ‘('

TICLOCG
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Human Disease: Metabolic Basis and !
Correspondence of Microbial GenesJ

____1

Cr - - I
Using PM Technology to Study Best Seqence Simirity Matihes o Date Bioioca Poaitionsly
M)lmnﬂmuds.mmnm -
Human Diseases T T ESTRT
S. cerevisiae —— i
SEESESUCIOT BE S MR R
et o B i E
ST e HE S OHN bR
e SBL R o
S R e B B ETR S
feemtiaial HRE S OGE nsioa
[Ehatiee) ZICLCE
—
' S isiae ira2 vs b 1 | Changes in S, cerevisiae Induced by |
1 - cerevisiae lra2 vs o ) ! Growth on Oleic Acid |
a1 1rp 31 Mutmionsia WL
gt e d trihasebge S L
BCLCGE e bt o g o, e, i, e, s BICLOG

PMs: Cells in 2000 Growth Conditions
ol —o]—|o]—o

-
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BICLOG

Screening for Metabolic Regulation
by Testing 2000 Growth Conditions
Streptomyces sp.

BICLOG
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Conclusions

PM Technology can be used to optimize
culture conditions for production of:

Antibiotics, Secondary metabolites
Vitamins, Amino acids

Ethanol, Lactic Acid, other organics
Enzymes and Toxins

i
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Regulation of Nitrogen Metabolism &
Integration with Carbon Metabolism

S.aureus # E. coli

High O

93T
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Low 0,

Effect of C-Source on N-Metabolism

S. aureus

succinate pyruvate

glucose glucose

Effect of C-Source on N-Metaboli

amano scds

amuno woars

pyruvate

glucose
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Effect of C-Source on N-Metabolism |

—

S, aureus

E. coli

" Effect of C-Source on N-Metaboli }

amino scids

E. coli

S. aureus

succinate pyruvate succinate pyruvate
paptides
glucose glucose glucose glucose
poptides
ZICLOGE
K
{" Effect of C-Source on N-Metabalism { G. P. Gladstone, British J. Expt. Pathol.
| (1937) 18:322-333 |
amino scids . « }
E. coll S. aureus e e T e 3 et vyt by
succlnabé pyruvate
peptides
glucose glucose
ZCLCGE ZICLoE ST TR RS
t—[Gale & Rodwell, J. Bact (1948)55:161 — |
P
Antibiotic Resistance and "
“Metabolic Adaptation”
S. aureus
BIOLDG BICLOG
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i S. aureus VP32 vs, HIP5827

}—

Phenotyple changes in van(R) Staph:

Decreased catabolism of amino acids
'One specific exception is arginine

Increased rasistance to call wall inhibitors
panicillins, cephalosporins, bacitracin, glycine

(=) Increased sensitivity to piperacillin, amikacin

piryioccaus strans from
Test Green VP32 (from BM] Vancomyon 16ug/mi)
Reference Red  HIPS&27 {from B Vancormycin 4ug/mi)

Bi0LCG

PM Analysis vs
Genechip Analysis

T PM and Gene Expression

PM Technology Detects Only |
Biologically Significant Changes |

ep

changes

| Technology are Complementary

rolos genes cellular
significant tested conditions
Gene expression Gi i
experiment "nn"nt luu nt 13} ;::n?n:?smn thousands one
Phenatype MicroArray i i Phenotype MicroArray \
experiment experiment one thousands
SiCLCGE ZICLCE

| Biolog Phenotype MicroArrays™ Can Provide Cells | ; f

- G
i With Diverse Protein Patterns t'— enotypic and Phenotypic Maps .

Biclog Phanotype Mlcvlrrlv
CHu kel Gane Chips EiGLCG
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{ Advantages of PM Technology !

F————— Conclusions/Opinions I

1. We cannot yet do a good job of "system integration”
even after adding the new genomic data.

2. We need more fundamental knowledge of pathways
that are present, their interaction and regulation.

3. Tools like gene chips, metabolomics, PM technology
and other technologies are needed to supply basic
information that is still missing.

CLCE

1. Complements genomics and gene expression data by
providing needed biological data (quantitative
readout of in vivo pathway function).

2. Phenotypes represent the integration of metabolism
and other biological pathways.

3. PM testing requires no modeling or assumptions.

4. With PM Technology you can do one experiment and
get interesting and important results.

I Species Validated for PMs

Gram Negatives Other Bacteria
Escherichia coii Deinococcus radiodurans
I imurium Heli ter pylori
Pseudomonas aeruginosa
Burkholderia cepacia
Sinorhizobium meliloti
Gram Positives Fungi

Listeria monocytogenes
Staphylococcus aureus
Streptococcus pneumoniae
Enterococcus faecalis

SHILCG

Saccharomyces cerevisiae
Candida albicans

Ustilago maydis
Asperygillus nidulans
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PERSPECTIVES

INNOVATIONS

New technologies to assess
genotype—phenotype relationships

Barry R. Bochner

The accelerating pace of the discovery of
genes has far surpassed our capabiiities to
understand their biclogical function — in
other words, the phenotypes they engender.
We need efficient and comprehensive large-
scale phenotyping technologies. This
presents a difficult challenge because
phenotypes are numerous and diverse. and
they can be observed and

molecular, celluiar and organ; . New
technologies and approaches will therefore
be required. Here, | describe recent efforts to
develop new and efficient technologies for
assessing cellular phenotypes.

Ever since Gregor Mendel used the observable
traits of pea plants to define and follow units of
genetic inheritance, the definition and testing
of phenotypes has had a key rolein-genetic-
analysis. Phenotypes are important for several
reasons. They allow us to observe genetically
inherited traits and events, and aid in genetic
manipulations. Genetic changes that confer a
growth or survival advantage, or a trait that can
be scored physically, have been exploited to
great advantage. Examples include the use of
selectable drug-resistance genes (with drugs
such as tetracycline, kanamycin and geneticin)
and the selection and scoring of clones on the
basis of B-galactosidase activity'. Phenotypes
that confer a growth or survival disadvantage
are also useful. They allow dissection of func-
tional relationships by providing conditions
tor selecting suppressors that compensate for
the disadvantage. Finding, identifying and
understanding suppressors has been an impor-
tant method for getting from a gene of interest

to other genes (proteins) that interact with it.
Phenotypes are also crucial because they are
the expression of genotypes and reveal gene
function. In this regard, phenotypes are an
essential intermediate in the pathway from
basic genetics to biological understanding.

Importance of phenotypes In genomics
In the past decade, we have witnessed an
explosion in the availability of new genetic
analysis tools and genomic information.
Sequencing technology has provided us with
complete genomic sequences for species
ranging from microbes to plants and ani-
mals™® — including that of the human®*.
These projects were accompanied by efforts
to locate, enumerate and annotate genes and
to assign known or putative biochemicai
tunctions to them. However, from the most
thoroughly studied and ‘simple’ bacterial
cells® to man®'°, only about two-thjrds of all
genes have an assigned biochemical function
and only a fraction of those are associated
with a phenotype''-¥, Even when phenotypes
are assigned, they might represent only a par-
tial understanding of the role of the gene. The
function of a gene cannot be fully understood
until it is possible to predict, describe and
explain all the phenotypes that result from
the wild-type and mutant forms of that gene.
Phenotypes often cannot be predicted on
the basis of the biochemical function of a
gene alone because jtis not clear how a cat-
alytic or _regulatory activity will aftect the
biology of the cell or the whole organism.
However, i a gene has a biological function
then, for every identified gene, it should be

possible to define at least one phenotype. A
second layer of genomic annotation could
then follow, in which every geneis described
biologically by the phenotypes thatit pro-
duces (shown conceptually in £1G.1). A first
step in producing a so-called ‘phenomic map’
has been made for Escherichia coli by
LaRossa!* who has tabulated ~1,000 pheno-
types that correspond to various genes that
lave been studied. In diploid and higher
organisms in particular, this will be compli-
cated by the fact that several genes can affect
gene expression®, and the resulting pheno-
types' of each other, leading 1o epistasis,
complex traits and multitactorial discases.

Along with phenomic maps, there is a
nead for phenotypic standardization that has
already been recognized by breeding and
stock centres?, Several projects™? have
begun to develop a standardized approach to
developing annotation and databases. Just as
compitrative genomics has allowed powertul
extrapolation of gene and protein function
trom one cell type to another >, it will be
important to develop a coordinated effort to
standardize phenomic nomenclature to facili-
tate database searches, comparisons and
extrapolations. Such a system of comparative
phenoinics would fadilitate the progression of
knowledge throughout model biological sys-
terns from bacteria to humans.

Many scientists are coming to the conclu-
sion that advances in genetic and genomic
analysis are being hindered by the slow paceat
which our understanding of biology is pro-
gressing. Simply put, biological (that is, phe-
notypic) information is not keeping pace with
genomic information. In 1989, I predicted
that global phenotypic analysis would soon be
needed to complel the massive s
of genetic data being obtained™, and, in 1996,
Brown and Peters called attention to ‘the phe-
notype gap’ in mouse research®. The Nobel
laureate Sydney Brenner, in a recent keynote
address (at a joint Cold Spring Harbor
Laboratory/Wellcome  Trust  Genome
Informatics Conference held at Hinxton in
the UK on 9 September 2002) emphasized
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Figure 1 | Genotypic and phenotypic maps, A phenotypic map (yellow) can be generated to
correspond to any genomic map (green). Sure genes. such as genet (g1), have coly one caresponding
phenotype (p1). whereas most genes have many corresponding phenotypes. Phinotypes <in be coded
for by more than one gene, as shown by p2, which is atfected by g2 and g5.

that approaches that relied heavily on genome
sequences and bioinformatic extrapolation
had too much noise and were becoming non-
productive, Instead, he called for a renewed
focus on cellular studies and the creation of
function-based cell maps ina variety of cell
types by the year 2020.

However, generating phenatypic maps will
not be easy. Scientists generally test and mea-
sure phenotypes one at a time, which is too
slow. Almost every model system in which the
genome has been sequenced has functional
genomics projects to associate the genome
with the biology, and this typically includes
some efforts that involve phenomics. Many
large-scale projects are being carried out both
in publicly funded research projects (for exam-
ple, for animals*** and for plants™) and in
corporations (such as Lexicon Genetics, Inc.,
Deltagen, Inc.,, Phenomix Corporation,
SurroMed, Inc. and Paradigm Genetics, Inc.).
These projects generally use and adapt diverse
existing phenotypic technologies that range
from animal autopsies to Mass SPECTROMETER
analysis of cellular metabolites.

Although cellular phenotyping daes not
replace plant or animal phenotyping, it can
provide a more rapid, efficient and cost-
effective method by which to begin to under-
stand the phenotypes of the tens of thousands
of non-annotated genes. The testing of cell
suspensions is more amenable to large-scale
high-throughput testing and can be imple-
mented with modem robotics and instrumen-
tation, However, so far, robotics has been used
primarily to automate small numbers of phe-
notypic assays. There are few reports of etforts
to test many phenotypes simultaneously.
To maintain momentum and productivity in

“...a system of comparative
phenomics would facilitate
the progression of
knowledge throughout
model biological systems
from bacteria to humans.”

biological research, we need much more com-
prehensive and efficient tools for testing cellu-
lar phenotypes. The remainder of this article
discusses recent efforts to develop better tech-
nologies for assessing genoty pe-phenotype
relationships in cellular systems.

Phenotyping In single-cell systems
The most complete gene annotation is avail-
able for simple microbial-cell model organisms
such as E. coli? and Saccharonyces cerevisiae®.
There are many advantages to large-scale phe-
notyping in single-cell systems, especially
microbial cells, in which it is easier to standard-
ize the biology and to alter genes and assess
phenotypes. The phenotypes that are mea-
sured are typically biochemical and, therefore,
can be easily related to specific enzymatic activ-
ities. Gene functions that are initially deter-
mined in these models can provide the basis
for extrapolation to more complex life forns in
which phenotypic testing presents turther lev-
elsof complexity.

$. cerevisiae researchers have taken the
lead in ‘genomic-scale phenotyping’ Etforts
began in 1996, when a consortium of yeast
researchers undertook a project to con-
struct isocenic knockouts of most of the
~6,000 known genes™. Hampsey®” pub-
lished an overview of veast phenotypes, and
several groups took up the challenge of
phenotyping knockout strains as a method
of determining the function of various
genes. The approaches that were taken are
summarized in TABLE .

Although the efforts with yeast set a
direction tor large-scale phenotyping, their
results have left many open issues and unan-
swered questions. A high percentage of the
knockout strains that were assayed showed
phenotypic changes. This was surprising, as
the largest number of phenotypes assaved
was 300 and most studies measured <20
phenotypes. For example, Hegemann and
co-workers® tested just 20 phenotypes but
tound changes in one-third of the strains,
and two- thirds of the conditional mutants
had multple phenotypes. Clearly, one prob-
lem with most of these approaches is that the
phenotypes that were tested, such as growth
in rich or minimal media, were not specitic.
When achange is detected, we can postulate
little, if anything, about the gene function.
Hegemann and co-workers concluded that
the provision of the mutants to the scientific
community was likely to be of more use than
the phenotypes that were detected, but they
expressed the hope that“...experts in specific
areas of yeast cell biology will be able to ana-
lyze the relatively few phenotypesin which

they are experts’
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Table 1| Large-scale phenotyping projects in Sacch. Yy cerevi:
Laboratory Number Number of Test format References
of strains phenotypes
tested tested

Brown 268 7 Growth assays 34

Davis 5,916 2-6 Growth competition 35-37
assays with strain
bar-coding

Slonimski 100 300 96-well microplates 38-40
with agar media

Hegemann Hundreds 20 96-well microplates 28,41
with agar media

Snyder 8,000 20 ' Growth in 96-well 42
micfoplates replica-plated
to agar media

Lindquist 14 150 Growth on agar mecdia 43

Harashima 465 1" Suspensions in 96-well 44
microplates replica-plated
to agar media

Blomberg - 98 Growth in microwell 45
plates in 350 ut.
liquid cultures

In general, the efforts to phenotype yeast
mutants have not provided a basis for solv-
ing the general need for comprehensive and
detailed cellular phenotyping. At most, 300
phenotypes were tested, the specific tests
used are not readily adaptable for other
types of cells, the technologies are still cum-
bersome tor high- throughput applications
and, in many cases, the phenotypes are still
qualitative rather than quantitative.

Phenotype MicroArray technology

In 1998, our group began a programme to
devise a phenotyping technology that had
attributes that were missing from previous
approaches: it could assay ~2,000 distinct
culture traits; it could be used witha wide
range of microbial species and cell types; it
would be amenable to high-throughput
studies and automation; it would allow phe-
notypes to be recorded quantitatively and
stored electronically, to facilitate compar-
isons over time; it would give a comprehen-
sive scan of the physiology of the cell; and,
by providing global cellular analysis, it
would provide a complement to genomic
and proteomic studies (FIG. 2).

Instead of using growth-based assays, we
have used a TETRAZOLIUM REDOX CHEMISTRY that
produces a colour change in response to
cell respiration® in each well of 96-well
microplates. This gives an accurate reflection
of the physiological state of the cell, and can
be used in some important assays that do not
depend on growth. The technology is feasible
for high-throughput analyses because the
microplates are manufactured with a stable
dry chemistry ready for inoculation. Also, the

monitoring and recording of data is a'ulo-
mated, standardized and quantitative. The
result of these efforts is a new technology that
we have called Phenotype MicroArrays (PMs)
(REE 3:BOX 1),

The initial objective of PM technology
was to allow the testing of thousands of
phenotypes. One simple reason tor having
thousands of tests is that microbial cells
have thousands of genes, and we expect that
each gene will be responsible for one or
more phenotypes. Furthermore, we wanted
our selection of phenotypes to provide a
comprehensive analysis of the basic physi-
ology of the cell, and to use specitic pheno-
types that could point towards specific
cellular pathways and biological functions.
Nearly 2,000 tests could be accomplished by
using 20 96-well microplates, tested simul-
taneously, and with detailed Kinetics
recorded.

PERSPECTIVES

Expanded phenotypic analyses

An example of a phenotypic comparison of
two isogenic strains of E. colfis shown in FIG.3.
In this example, MG 1655 — the genomically

_sequenced strain® — is compared with an iso-

genic derivative that contains a knockout of
the malF gene caused by the insertion of a
Tnl0 (tetracycline resistance) transposon.
The malF gene encodes a protein that is
involved in the uptake of maltosides, so we
would expect to see phenotypic defects
related to maltose metabolism as well as
resistance to tetracyclines, The PM analysis
detects both types of phenotypic changes:
the loss of maltose, maltotriose and dextrin
metabolism (red lines in F1G.3) and the gain
of resistance to a variety of tetracyline
antibiotics (green lines in AG.3).

Whereas mutation of a specific transport
or metabolic function might result in a sinall
number of easily interpretable phenotypic
changes, mutation of a global regulatory gene
might alter many phenotypes, so interpreta-
tion might be complex. We have previously
published an example of an adenylate cyclase
{gw) mutant of E. coli (REF. 30). More recently,
Xiang-He Lei in our laboratory has analysed
knockouts of 32 two-component regulatory
genes of E. colfin collaboration with Zhiou
and Wanner at Purdue University (L. Zhou
and B. Wanner, unpublished observations);
nineteen of these were found to have
detectable phenotypic changes. The number
of phenotypes ranged from as few as one
change, to as many as 30 changes for areAand
arcB deletions. Some of the phenotypes were
expected, but others were notand renain to
be explained. We have also analysed mutant
strains for a number of other laboratories
working on E coliand have completed a phe-
notypic comparison of several wild-type E wli
strains that are in common use (X.-H. Lei eral,
unpublished observations). Applications of’
this technology are not limited to E. coli.

T
Molecdlar analysis

Celuiar analysis

Figure 2 | Global cellular analysis. The inforrmation in cells flows from the level of genotype 1o the
gene and protein expression levels. and results in celidar phenotypes. Modern toots for global
analysis are beginning o provide a way to study and understand this process in greater detail.
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Amalia Franco-Buff has analysed isogenic
strains with alterations in the prfA gene of
Listeria monocytogenes in collaboration with
Jose Vazquez-Boland at the University of
Bristol (A. Franco-Buff, unpublished observa-
tions). This is a particularly interesting regula-
tory gene because it regulates the biological
functions that are essential for pathogenicity
in this bacterium?. In another project, Richard
Kostriken in our laboratory has analysed gene
knockouts of human disease gene homelogues
in S. cerevisiae (R. Kostriken, unpublished
observations). Over the past year, we have
shown that we can use our current set of PMs
1o test other Gram-negative genera such as

Salmonella, Pserdomonas, Burkholderia, Vibrio
and Sinorhizobiury, Gram-positive genera such
as Bacillus, Staphylococcus, Streptococcus and
Enterococcus; yeast such as Candida and
Cryptococcus; and filamentous fungi such as
Aspergillus nidulans. We have also had success
in adapting this technique for bacteria that
require incubation in special gas atmos-
pheres (such as Helicobacter pylori).
Comprehensive phenotyping with PM
technology is useful for many other types of
comparison. In addition to knockouts, it is
possible to compare the phenotypic conse-
quences of gene underexpression or overex-
pression, as well as interesting alleles of genes

such as those that encode regulatory proteins
that lock the circuitry in which they are
involved in the ‘on’ or ‘oft” state. Modern
controliable promoters, such as the arabi-
nose system in bacteria’?, can be used to vary
the level of gene expression, including that of
essential genes. Alternatively, a controllable
promoter can be used to produce varying
amounts of antisense RNA in vivo®.
Another possibility involves the introduction
of one or more genes into a cell line to deter-
mine the phenotypic consequences of their
expression, which can reveal their function.
An example of detecting the function of intro-
duced genes (in this case, the tetracycline

Box 1 | Phenotype MicroArray technology

Phenotype MicroArrays (PMs) are a simple 100l
for testing hundreds or thousands of cellular
traits simultaneously. The PMs that are available
at present contain ~2,000 tests that are selected
to approximate a comprehensive scan of the
known cellular pathways.

The layout of the 2,000 PM tests is summarized
in panel a. PMs 1-8 test the main catabolic
pathways in cells for carbon, nitrogen,
phosphorus and sulphur, as well as biosynthetic
pathways, PM9 tests osmotic and ion effects on
the cell. PM10 primarily tests pH growth range
and pH regulation. The remaining 10 PMs
test the sensitivity of cells to a wide range of
chemicals, including antibiotics, anti-
metabolites, membrane-active agents,
respiratory inhibitors and toxic metals.
Antibiotics and anti-metabolites, with different
modes of action, target the cell wall, membranes,
ribosomes, RNA and DNA polymerases, and
diverse metabolic pathways. Membrane-active
agents and respiratory inhibitors probe the
chemistry, structure and function of membrane-
associated processes, such as respiration and
protein localization. Toxic metals can be present
in the environments of most cells, which are
likely to have cellular systems for handling them.

To analyse a microbial strain, a cell suspension
is prepared and inoculated into the set of
microarrays, As shown in panel b, in which a pair
of isogenic strains are compared, the PM panel
sets are then placed inside the Omnilog — an
incubator/reader instrument that cycles the
arrays in front of an imaging head every
15 minutes, measuring and recording the colour
formed from reduction of the tetrazolium dye in
each well. Computer software plots kinetic
graphs of colour formation against time for each
well and each strain. When two strains are
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compared, the reference strain is plotted in red and the mutant strain in green. This is analogous to labelling the RNA from two strains with red and
green dyes in gene-expression analysis. The software can compare the kinetic phenotypes by overlaying the Kinetic graphs and colouring areas of
overlap (no change) in yellow. The result is a red-green-yellow array in which phenotypes that are lost are coloured red, phenotypes thatare gained
are coloured green and unchanged phenotypes are coloured yellow. Thresholds can be set to disregard small and insignificant changes, and all of the
wells with changes that exceed this threshold are marked with a black box.
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resistance transposon Tn10) is shown in
FIG. 3. Many laboratories have libraries of
HETEROLOGOUS GENES that have been cloned in
E. coli. If the cloned genes have promoters
that are operative in E. coli, it might be possi-
ble to assay directly for the function of these
genes using the bacterial cell as a surrogate.
Other interesting blocks of DNA, such as
plasmids, viruses and PATHOGENICTTY ISLANDS, Can
be added to cells and tested for phenotypes
that they have engendered. Isogenic cells can
be compared for epigenetic effectors, such as
changes in DNA methylation, histone acetyla-
tion, prion effects and so on. Useful infor-
mation can also be gained by comparing
non-isogenic cells such as multiple isolates
from one species, pathogenic versus non-
pathogenic strains and PASSAGEDSTRAINS Versus
recent natural isolates.

Limitations of large-scale phenotyping

An appealing aspect of phenotypic analysis
is the simplicity and directness of its inter-

pretation. For many applications, it relies on
the validity of comparing the biology of iso-

genic strains, which has a substantial and

proven record. A change in genotype leads to
one or more changes in phenotype. To fully
understand the function of a gene, we need

to be able to enumerate and explain all the
phenotypic changes that result from changes
in that gene. But implicitin these types of
isogenic analysis is that the cells, plants or
animals that are being compared are truly
isogenic (with the exception of the intended
genetic change). This means that the genetic
techniques that are used to create the strains
must be precise, otherwise some of the phe-

notypes that are detected might be due to
other unintended genetic differences
between mother and daughter cell. As large-
scale phenotyping technologies move
towards the goal of measuring all the pheno-

types of a cell, they also approach a level of
sensitivity at which they can serve to assay
the precision of genetic manipulation. In
fact, in our work over the past two years
using PM technology on E. coli, we have
found several examples of strains that had
been produced by proven genetic techniques
that contained extraneous genetic changes.
Even with accurate genetic manipulation,
the accumulation of secondary suppressors
in isogenic lines can be problematic. Two
methods can be used to gain confidence that
a phenotype is tied to a genotype: restoring
the allele back to wild type and showing that
the phenotypic change goes away, or assay-

ing at least two independently constructed

strains and showing that both isolates show
the same phenotypic changes.

PERSPECTIVES

®12345878001

Figuwe 3 | Phenotype MicroArray comparison of two isogenic strains of E. coll. Phenotype
MicroArray analysis of isogenic £. cofi strains £. coli malF:tn10 versus MG1655. The rmutant strainis
shown in green and the parental MG 1655 strain is shown in red. Knockout of the maif gene leads to
the loss of catabolism of maltose, maltotriose and dextrin. Insertion of the TN10CASSETTE leads to the
gain of resistance to a number of tetracydine antibiotics.

An important impetus for the develop-
ment of large-scale phenotypic analysis has
been to determine the function of the
remaining genes for which no function is
known. We can expect these efforts to be par-
tially successful — our limited experience, so
far, using PM technology with genes of
unknown function indicates a success rate of’
~65% in E. coli (B.B. et al., unpublished
observations). When phenotypes are found,
they can indicate anything from a precise
enzymatic function to a vague allocation of
the gene to an area of cellular physiology.

Surveying all of the phenotypes of acell isa
theoretical concept and goal. In reality, cells
have too many phenotypes for us to be able to
define, let alone test. It is important to
acknowledge and be aware of the limitations of
large-scale phenotyping techniques such as
PM analysis. There are a number of reasons
why, in its present form, PM analysis and other
phenotyping technologies will not discoverall
of the phenotypes. First, the phenotyping sets
available at present are not all-inclusive. For
microbial cells, PM technology is likely to miss
phenotypes that specifically involve intracellu-
lar structures (for example, the cytoskeleton
and organelles) and surface structures and
functions such as tlagella, attachinent, biofilin
formation, motility and chemotaxis, as well as
tunctions turned on only under anaerobic

Glossary

HETEROLOGOLU'S GENE
A gene that is transferred into a cell but ariginated in
scell from a different speacs.

ISOGENIC
Cells or organisms that are dezived from (e sune
parent and have alinest identical penomes.

MASS SPECTROMETRY
An analytical tool for determining the molecular
weight of a chemical.

MULTLSTATE AUTOMATON
A seli-acting and self-responding machine that has
the ability to change itself into multiple siates.

PASSAGED STRAINS

Calls that have been repeatediy subcultured, typically
under artificial in 11ero laboratory-culture conditions
and not in more natural in vivw conditions.

PATHOGENICITY ISLAND

A contiguous block of genes, found in pathogenic
micoorganisms, in which at least a subset of the
genes code for virulence factors.

TETRAZOLIUM REDOX CHEMISTRY

A dye chemistry that absorbs the electrons produced
by cellulas respiration, causing a colour change as
the tetrazoliwn dye s reduced.

TN10 CASSETTE

A contiguous block of genes that is derived from the
bacterial transposon Tn 10, which confers resistance
to tetracycline antibiotics.
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conditions. Also, it is not possible to test the
cellular functions that still remain to be discov-
ered — there are undoubtedly gaps in our
knowledge of the whole spectrum of cellular
functions. Second, the effects of some genes
might be cryptic and only have a function
under highly specific cellular conditions. Many
microbial phenotypes might be expressed only
when the microbe interacts with an animal or
plant. And third, we might not be able to dis-
cern phenotypes for some genes because there
are redundant cellular functions that compen-
sate in their absence.

Phenotypic analyses are likely to provide
an important complement to gene-expres-
sion and proteomic analyses of genetically
alteredcells. Molecular analyses enumerate
a farge number of biocherical changes, but
cellular analyses show what these changes
mean at the biological level. To illustrate the
complementarity of these two approaches,
consider the comparison of a mutant and
wild-type cell tested by gene-expression
analysis. Data from this analysis compares
the fevel of thousands of genes under a sin-
gle growth condition and state of the cell.
The same comparison done by PM analysis
looks at only a single gene, but under thou-
sands of growth conditions and cell states. it
is very important to appreciate thata cell
line is not a single static entity. Every cellisa
MULTISTATE auToMATON With the capacity to
change in minutes. A cell constantly senses
its environment and adapts to changes by
altering its gene-expression pattern, protein
content, membrane constitution, surface
receptors and so on. In each growth state,
the cell becomes a different cell, sometimes
markedly ditferent. Understanding this tluid
‘landscape’ will challenge biologists for
many decades to come. FIGURE 2 depicts PM
analysis as a technology in the stream of,
and complementary to, DNA microarrays
and proteomic analysis. By using these
genomic technologies, and others that are
derived from and added to this set, we will
continue to move our knowledge forward.

Phenotyping In higher eukaryotes

Here, I have emphasized studies of inicrobial
cells as model systems. Other, more complex
model systems, such as Caenorhalxlitis elegans,
that can be cultured in microwells could be
amenable to modified versions of these pheno-
typic technologies. Higher plants and animals
could certainly be targeted next by adapting
the technologies for cell cultures. We are work-
ing to extend PM technology to mouse and
human cells, and prototype PMs for testing
carbon and energy metabolism in human and
mouse liver and blood cells have already been

devised and successfully tested (A. Morgan,
unpublished observations). In the near future,
we will see the capability for simulating part of
the metabolic and cell biology of a mouse or
human by using the large-scale phenotypic
analysis of cells derived from most of the main
tissues, Another approach would involve the
detailed phenotyping of embryonic stem cells
in culture, to see how useful the cellular pheno-
typesare in predicting the phenotypes of ani-
mals. Relevant to this technology are the recent
advances in gene inactivation using RNAi,
which provide a method of specifically inacti-
vating gene function. We forsee immediate
applications of phenotypic analysis in genetics,
physiology, toxicology and the study of ageing,
differentiation and disease.
Barry R. Bochner isat Biolog, Inc.,
3938 Trust Way, Hayward, California 94545, USA.
email: bbochner@biolog.com
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Phenotype Microarray
Analysis of
Salmonella enterica

Application for the study of egg
contamination

(mlinlnary data analysis )
(interpretation subject to change}
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Microbial Ecology
in the 21st century

@ A common theme of some of our
most urgent research needs in
agriculture that impacts:

« Food Safety

» Animal Health

= Sustainable Agriculture
« Biosecurity Issues

@ What technological advances
does microbial ecology need in
order to make the next leap in
knowledge?

Phenotype Microarray Analysis
with Omnilog ©, Biolog Inc.
& Measures and collates growth under 1910 conditions that
assay physiology and resistances.
= Some conditions are arranged in dilution series
& Options:
« Media used
« Temperature of incubation
@ Collects data as a growth curve — 36-48 hrs.
@ Allows strain comparison
< Evaluates growth substrates and inhibitors.
@ Could evaluate microbial communities

» Diffe: in growth char b mixed strains has to
be considered,
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The Egg Contamination Problem

o Salmonella enterica serovar Enteritidis.

@ Involves a complex infection pathway.

o Current intervention is primarily biosecurity.
« Vaccination is adjunctive control measure.

o The problem is endemic
« Some decrease from peak, but has not declined
to pre~1980 levels.

% of all Salmonellae cultured

100

B cnteriticis
#3 Typhimurium

- Typhi

Data from World Health Organlization

Continent
Year 2000, human isolates

As of 2000, serovar Enteritidis still the number one cause of salmonellosis

Emergence of Salmonella Enteritidis

40

Typhimurium

~— Enteritidis)
— Others

— TOTAL

T 1 vy

YIBBYEIREE’
year
f L _human.htm

Type of data obtained

<3 images of plate (2 replicates and an
average).

@ Scatter plot of replicate 1 vs 2 data to
assess reproducibility.

@45 pages of readouts; 1900+ reactions;
pos controls/background wells per strain

@225 pages of data; 9,000+ datapoints.

@ Synopsis of results from PMServices.
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Approach to Data Analysis

o Analyze background/control data to establish thresholds of

growth for each strain
« Average, std dev, Ttest pvaiue

o Sort and align data columns in spreadsheet.

o Frequency analysis to sort data points into bins
« (lysis: no/slow growth; growth; stimulated growth)

o Evaluate glasses of compounds
« Fatty acid metabolism
« Antibiotic resistances
« Preferred C, N, P, S source

Frequency Analysis

@ Determine Bin (category) parameters
» 0, no or siow growth, growth, stimulated
o Follow excell instructions for data entry
o Choose chart presentation (pie)
¢ Set background limits
= Strain specific
@ Evaluate results in context of known
biology

Frequency Analysis (cont.)

o Develop a standard approach for BINS
» All 0 values are special class (lysis)
= Round average UP for all other classes to
closest 25 increment
925 will be lowest increment that differentiates
between no/slow growth and positive growth
@Robust growers may have lower limit of SO
oEvaluate data for upper limits by two methods
‘@Consider the biology of the organism

SE SH STM SP1SP2 SE SH TM SP1 SP2
POSITIVE COI Mwsns
.8 1

NEGATIVE CONTROL ANALYSIS

Average 432 481 89 99 70 229 287 ¢ .2 500
Std Dev 279 28 52 68 56 424 396 391 787 561
Tlestpval — 048 001 €02 0.01 ~— 084 015 002 000

Tiest pval 001 001 015 009 — 000 000 000 0.12

thresholds ] 2 2% 25

25 25 20 150 50

CATEGORIES (Bins) STIMULAT] GR! VALUE
SE SH STM SP+ SP-
lysis o 0o o 0o 0 [27 28 149 108 40 |
nogrowh 50 50 25 25 25
growth 25 225 20 150 50
stim growth >225 >225 >200 >150 >50
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Fixed Costs

@ Equipment. US version with computer
plus video FG; battery operated pipettor;
turbidimeter; colony magnifier lamp; 1 year
on-site warranty. On-site installation and
validation.

@ Validation Package and strain set.

Yearly Costs

9 $12,000 per year in standards
@ $100,000 per year in panels
« Total flexibility in choosing panels
& C,N,P,S panels
@ Biosynthetic pathway panels
o Nutrient stimutation
@ Osmotic/lonic response
@ pH response
& Chemical sensitivity assays (antibiotics, fungicides,
detergents, chelators etc)
@ Yearly service agreement
= $3,000

$121,000 yearly costs

Cost considerations for
phenotype microarray
@ Coordination and management is required.
o Strain accession log maintained.

o Biosecurity guidelines apply (BSLIII ?).

@ With a support scientist, yearly may be about
$200,000 (100 strains per year).

Summary

@ Powerful new technology for microbial
ecology research.

@ Has potential to redefine our knowledge of
microbial ecology.

@ Shouid consider a USDA center for
conduct of phenotype microarrays.

@ Putting control of parameters in the hands
of the scientist increases research
potential.
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Kenneth E. Rudd

Associate Professor of Biochemistr
and Molecular Biolog :

Ph.D. (1981) University of California a
Berkele

Zioinformatics

Tel: (305) 243-6055, Fax: (305) 243-306

rudd@molbio.med. miami.cdug

Our laboratory is engaged in the functional characterization of a selected set of genes and gene products
of Escherichia coli. The 4.6 Mb genome of E. coli is now completely sequenced and contains over 4100
protein-encoding genes. Less than half of these genes have been functionally characterized. Most protein
sequences can be organized into families based upon homologous relationships. Paralogous families have
multiple members encoded in the £. coli genome; orthologous families have only one member in £. coli,
but genes of similar function, orthologs, exist in other species. Some families are restricted to the bacterial
domain of life whereas others contain Ancient Conserved Regions (ACRs) and are present in both bacteria
and eucaryotes, including some human genes. Cloistered paralogous families do not have homologs in
any other organisms, but do have homologs (paralogs) within E. coli. Loner proteins do not appear to have
any homologs whatsoever, apparently having drifted far away from their ancestor proteins. All of the
protein sequences derived from the E. coli genome are being organized into classes based upon types of
homologous family relationships and functional predictions that can be associated with a family.

Our characterization of E. coli ORFs of unknown biological function is directed at selected proteins that fall
into the different categories of homologous relationships. In some cases, a functional prediction can be
made based on functions attributed to homologs in E. coli or other species. Sometimes, the functional
prediction is limited to a general activity associated with a common protein motif. In other cases, no
functions are attributed to any member of the homologous family, even though the family might be quite
widespread in nature. Our approach includes determining the phenotype associated with mutations in the
genes of interest as well as localizing, cloning, overproducing and purifying the proteins of interest. We are
particularly interested in proteins of less than 150 amino acids in length as they are among the most
difficult to analyze using bioinformatic approaches alone. Some of the proteins we are characterizing have
predicted functions that include protein phosphorylation, nuclectide binding, protein-protein interactions,
and protease activity. Other proteins have no function predicted, but appear to be soluble proteins with
signal peptides that would localize them to the periplasm. We hope that this selective top-down approach
to functional genomics will illuminate important new functions, not just in E. coli, but in organisms with
related proteins as well.

The EcoGene database of sequences and annotations for all E. coli genes is available on a website:
http://bmb.med.miami.edu/EcoGene/EcoWeb

Representative Publications

e Rudd, K. E. and Menzel, R. 1987. The his operons of £. coli and S. typhimurium are regulated by
DNA supercoiling, Proc. Natl. Acad. Sci. USA, 84:517-521.
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.enneth Rudd Homepage

» Borodovsky, M., Koonin, E. V. and Rudd, K. E. 1994. New genes in old sequence: a strategy for
finding genes in the bacterial genome, Trends in Biochem. Sci., 19:309-313.

e Rudd, K. E., Rouviere, P. E., Lazar, S., Sofia, H., Plunkett, G., Koonin, E. V. 1995. A new family of
peptidyl-prolyl isomerases. Trends in Biochem. Sci., 20:12-14.

e Berlyn, M. B, Low, K. B., and Rudd, K. E. 1996. Integrated linkage map of Escherichia colj K-12,
edition 9. pp. 1715-1902. In F.C. Neidhardt, et .al (ed.), Escherichia coli and Salmonella: Cellular
and Molecular Biology, 2nd ed., ASM Press, Washington, D.C.

e Koonin, E. V., Tatusov, R. L. and Rudd, K. E. 1996. Protein sequence comparison at genome scale.
Meth. Enzymol., 266:295-322.

o Rudd, K. E., Humphery-Smith, 1., Wasinger, V. C. and Bairoch, A. 1998. Low molecular weight
proteins: a challenge for post-genomic research, Electrophoresis, 19:536-544.

e Rudd, K. E. 1998. Linkage map of Escherichia coli K-12, edition 10: the physical map. Microbiol,
Mol. Biol. Rev., 62:985-1019.

e Rudd, K. E. 1999. Novel intergenic repeats of Escherichia coli K-12, Res. Microbiol. 150:653-664.

e Rudd, K. E. 2000. EcoGene: a genome sequence database for Escherichia coli K-12. Nucleic Acids
Res., 28:60-64.

Honors and Professional Activities
o Member, American Society for Microbiology
o Member, Genetics Society of America.
e Member, American Association for the Advancement of Science

o Editorial Board, Journal of Bacteriology, 1992-2000
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Fine-tuning the prediction of sequences cleaved by
signal peptidase lI: A curated set of proven and
predicted lipoproteins of Escherichia coli K-12

Pedro Gonnet', Kenneth E. Rudd? and Frédérique Lisacek™

'Institute of Computational Science, Swiss Federal Institute of Technology,
Zorich, Switzeriand

2Department of Biochemistry & Molecular Biology,

University of Miami School of Medicine, Miami, FL, USA
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A curated set of 81 proven and 44 predicted lipoproteins of Escherichia coliK-12 was defined
with the combined use of a literature survey, a variety of predictive tools and human expertise.
The well-documented Gram-negative proteome of £. coli K-12 was chosen to assess how the
different approaches complement each other and to ensure a stable definition of a consistent

set of lipoproteins. The resuits of detailed analysis of such proteins at the level of a single

proteome are presented, corroborated and rationalized. Received  10/11/03
Revised 15/4/04
Keywords: Bacterial proteome / Curated set / Lipoprotein / Signal prediction Accepted 21/1/04

1 Introduction

Sequence annotation at the level of a single proteome is
often automated. Fast processing is particularly needed in
the case of prokaryotic proteomes given the current inten-
sive effort for sequencing complete genomes. However,
speed and quantity are often achieved to the detriment
of quality. This issue is well introduced in [1] where high
standards for producing reliable bacterial protein annota-
tions are set. Among others, a relevant strategy involves
gathering sequences into consistent families while care-
fully defining similarity criteria. Several independent initia-
tives dedicated to grouping bacterial protein into families
were launched such as TIGRfam [2], HOBACGEN [3] and
HAMAPfam [1] for maximum coverage of protein functions
or AraC/XylS [4], among others, for specified functions.
Grouping criteria do not necessarily reflect a global similar-
ity of amino acid sequences. Some proteins can be func-
tionally equivalent though structurally very diverse, includ-
ing at the sequence level. Lipoproteins, with their Type Il
signal peptides, fall into such a category.

Correspondence: Dr. Pedro Gonnet, HRS H8, ETH Zentrum,
Institute of Computational Science, Swiss Federal Institute of
Technology, CH-8092 Zirich, Switzerland

E-mail: gonnetp@inf.ethz.ch
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A variety of bacterial lipoprotein prediction schemes are
currently available. An early PROSITE pattern (accession
number: PS000013, http://www.expasy.org/prosite/) bas-
ed on [5] and [6] and subsequent InterPro family signature
(accession number: IPR0O00437, http://www.ebi.ac.uk/
interpro/) were defined. Scanning tools associated with
PROSITE [7] and InterPro [8] can be run to detect the pat-
terns characterizing bacterial lipoproteins. More recently,
dedicated computer programs were described {9, 10]. In
both cases, the methodology relies on a learning phase
during which the program is trained with examples to
determine and recognize characteristics of lipoproteins,
in other words, to extract and validate a pattern or a motif.
A critical issue remains the careful selection of a repre-
sentative set of examples to ensure the validity of the
identified characteristics. In the particular case of bacteri-
al sequences, new instances of motifs are often deter-
mined as a result of the presence of orthologues in ge-
nome-wide comparisons. Consequently, related and con-
served bacterial sequences are commonly gathered into
a training set, irrespective of further specificities of each
of the organisms. However, distinctive features can also
be of interest and such an issue is addressed in the pres-
ent work.

We have deliberately chosen to focus on the most docu-
mented Gram-negative proteome of Escherichia coliK-12
and study how the selection of different training sets
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bears on the quality of recognition. This strategy helped
identify the weaknesses and strengths of published meth-
ods as well as the reliability of information found in various
sources such as SWISS-PROT [11] and DOLOP [12].
A stable and consistent set of lipoproteins was finally
defined which enhances annotation in EcoGene {13}, an
E. coli K-12 dedicated database.

2 Materials and methods

2.1 Training data

We focused on the E. coli K-12 proteome. According to
publications available at the time of our study, less than
30 E. coli lipoproteins were experimentally verified. But
recently, Dr. Shin-ichi Matsuyama of the University of

Proteomics 2004, 4, 000-000

Tokyo, experimentally proved the existence of additional
E. colilipoproteins. Although these resuits are not yet for-
mally published, a list of 75 verified lipoproteins provided
by Dr. Matsuyama was introduced in the recent LipoP
publication [10]. Twenty-one proteins of this list belong to
the set of 27 validated lipoproteins as annotated in Eco-
Gene (Version 17). A nonredundant set of 81 proven lipo-
proteins could potentially be defined as a training set
though Fts/ [14] was omitted since only 15% of Ftslis a
lipoprotein due to an anomalous cleavage site with a
charged arginine residue at position —7 relative to the lipi-
dated cysteine residue. Finally, 81 experimentally verifi-
ed lipoproteins were used for the positive training set.
They are listed along with their corresponding citations in
Table 1. None of the signal sequences shared high per-
centage of similarity, therefore no homology reduction
was necessary.

Table 1. Eighty-one experimentally verified E. coli K-12 lipoproteins

EGAcc  Gene SPAcc len  Protein Description SP Annotation DOLOP References

EG11703 acrA  P31223 397  AcrAB-TolC efflux pump, membrane-fusion lipoprotein  1PR000437, PS00013  Yes (10, 26]

EG10266 actE  P24180 385  AcrEF-TolC efflux pump, membrane-fusion lipoprotein  IPRO00437, PS00013  Yes {10, 53]

EG12073 apbE  P33944 351  Lipoprotein involved in alternative pyrimidine bio- IPRO00437, PS00013  No {10, 28]
synthetic in Salmonella

£G12474 blc P39281 177  Outer membrane fipoprotein, stationary phase inducible 1PR000437, PS00013  Yes  [10, 29]

£G13637 borD P77330 97  Lipoprotein in DLP12 prophage, phage lambda bor IPRO00437, PSO0013  Yes  [10, 30)
gene homolog

EG13413 ¢sgG  P52103 277 Possible assembly or transport protein for curti, IPRO00437, PSO0013  Yes  [10,37]
novel lipoprotein

EG14233 cusC  P77211 457  Silver and copper efflux, outer membrane lipoprotein  IPRO00437, PS00013  Yes  [10]
component

EG10178 cyoA P18400 315  Cytochrome c oxidase subunit ll, lipoprotein IPRO00437, PS00013  Yes  {32]

EG14372 ecnA P56548 41 Lipoprotein antidote to bacteriolytic lipoprotein IPRO00437, PS00013  No 133]
entericidin B

EG14345 ecnB  P56549 48  Bacteriolytic lipoprotein entericidin B IPRO00437, PS00013  No 133)

EG13897 emtA P76008 203  Membrane-bound transglycosyiase, lipoprotein non-EcoGene start No 134]
involved in murein hydrolysis

EG10341  fts! P04286 423  Septal peptidoglycan synthesis, transpeptidase, No No 14]
15% of Ftsl is lipoprotein

EG20264 figH  P75940 232  Flagellar synthesis, basal body L-ring lipoprotein IPRO00437, PS00013  No {10. 35}

EG13181 hsl)  P52644 140  Heat-inducible lipoprotein involved in novobiocin IPROO0437 No [10}
resistance

£611293 loiB P24208 207  OM lipoprotein required for cell growth and localization  IPRO00437, PS00013  Yes 110, 36]
of lipoproteins

EG10544 lpp P02937 78  Murein lipoprotein IPRO00437, PS00013  Yes {37, 42)

EG12240 mdtE P37636 385  MALEF-TolC multidrug resistance efflux transporter, IPROO0437, PS00013  Yes  [10]
MFP lipoprotein

EG11504 metQ P28635 271 L, p-methionine transporter, methionine-binding IPRO00437, PSO0013  Yes  [10]

lipoprotein receptor
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Table 1. Continued

A curated set of proven and predicted lipoproteins

3

EG Acc Gene SPAcc len  Protein Description SP Annotation DOLOP References

EG13085 mitA  P46885 365  mbrane-bound lytic transglycosylase MItA, IPROC0437, PSO0013  Yes {10, 38]
periplasmic OM lipoprotein

EG12699 mitB  P41052 361  Membrane-bound lytic transglycosylase MItB, IPROD0437, PS00013  Yes  [10, 39)
periplasmic OM lipoprotein

EG12986 mitC P52066 359  Membrane-bound lytic ransglycosylase MitC, IPRO00437, PSO0013  Yes  [10]
periplasmic OM lipoprotein

EG10246 mitD P23931 452  Membrane-bound lytic transglycosylase MItD, IPRO00437, PSO0013  Yes  [10]
periplasmic OM lipoprotein

EGI0657 nlpA  P04846 272  Lipoprotein in outer membrane vesicles IPRO00437, PS00013  Yes {10, 40)

EG10658 nipB  P21167 344  Lipoprotein in outer membrane vesicles IPR0O00437, PS00013  No [10, 41]

EG11133 nlpC  P23898 154  NipC lipoprotein IPRO00437, PS00013  Yes  [10]

EG12111 nlpD  P33648 379  Lipoprotein possibly involved in cell wall formation, IPRO00437, PS00013  No {10, 27]
metalloprotease homolog

EG12137 nipt  P40710 236  Outer membrane lipoprotein, activates Cpx response lPR000437, PS00013  No {10, 54]

) in response to adhesion

EG12371 nipl  P39833 294  Minor lipoprotein, mutation causes osmotic sensitivity  IPRO00437, PS00013  Yes  [10, 44)
and filamentation

EG10679 osmB P17873 72  OsmB lipoprotein IPRO00437, PSO0013  Yes (10, 45)

EG10044 osmE P23933 112  Lipoprotein requiated by growth phase and osmotic IPRO00437, PS00013  Yes  [10]
pressure

EG10684 pal P07176 173 Lipoprotein associated with peptidoglycan IPR000437, PS00013  Yes {10, 46, 47]

EG11502 rcsF P28633 134  Lipoprotein, overexpression increases capsule synthesis  IPR0O00437 Yes {10}

EG10854 ripA  P10100 362  Minor lipoprotein, suppressor of prc IPR0O00437, PS00013  Yes |10, 48]

EG10855 ripB  P10101 193  Minor lipoprotein IPRO00437, PS00013  No [10, 48)

EG11890 slp P37184 188  Outer membrane lipoprotein, stationary phase inducible  IPR000437, PS00013  No [10, 49)

EG13409 slyB  P55741 155  Novel lipoprotein, Mg(2+)-stimulated IPRO00437, PSO0013  Yes (10, 50)

EG14076 spr P77685 188  Suppressor of prc mutants at low osmolality, lipoprotein  IPRO00437, PS00013  No 10

EG14276 vac) P76506 251  Surface-exposed lipoprotein, required for intercellular  IPRO00437, PS00013  Yes  [10)
spreading in Shigella

EG13566 wza  P76388 379  Outer membrane auxillary lipoprotein, capsular poly- IPRO00437, PSO0013  Yes [10, 51]
saccharide translocation

EG13332 yafT  P77339 261  Novel fipoprotein, function unknown IPRO00437, PS00013  Yes  [10]

EG13253 ybaY P77717 190 Novel lipoprotein, function unknown IPRO00437, PS00013  Yes [10]

EG13660 ybfN  P75734 108  Novel lipoprotein, function unknown IPRO00437, PS00013  Yes  [10]

EG14158 ybfP  P75737 164 Novel lipoprotein, function unknown IPRO00437, PSO0013  Yes [10)

EG12875 ybhC  P46130 427  Novel lipoprotein, pectinesterase homolog, function No Yes [10]
unknown

EG13685 ybjP  P75818 171  Novel lipoprotein, function unknown IPRO00437, PS00013  Yes  [10]

EG13687 ybjR  P75820 276  Novel lipoprotein, homologous to AmpD, function IPRO00437 Yes  [10)
unknown

EG13133 ycal P43674 254  Novel lipoprotein, metalloprotease homolog, function  IPR000437 No [10)
unknown

EG13728 yccZ  P75881 379  Navel lipoprotein, Wza paralog, function unknown IPRO00437, PSO0013  Yes  [10]

EG13864 ycdR P75906 672  Polysaccharide deacetylase-like lipoprotein, function  IPRO00437, PS00013  Yes  [10)
unknown

EG11117 yceB P09935 186  Novel lipoprotein, function unknown IPRO00437, PS00013  Yes  {10)

EG12689 yceK P45806 75  Novel lipoprotein, function unknown IPRO00437 Yes  [10]

EG13431 ycfM  P75947 213 Novel lipoprotein, function unknown IPRO00437 Yes {10}
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Table 1. Continued
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EGAcc  Gene SPAcc len  Protein Description SP Annotation DOLOP References
EG13911 ycjN  P76042 430  Putative ABC transporter periplasmic binding lipo- PR0O00437 Yes  [10]
protein, function unknown
EG13755 ydck P76101 222  Novel lipoprotein, function unknown IPR0O00437, PS00013  Yes [10}
EG13794 yddW P76130 439  Novel lipoprotein, function unknown IPRO00437, PS00013  No [10)
EG13511 yea¥ P76255 193  Novel lipoprotein, sip paralog, function unknown IPRO00437, PS00013  Yes  [10]
EG14036 yecR P76308 107  Novel lipoprotein, function unknown IPRO00437, PSO0013  Yes  [10]
EG11659 yedD P31063 137  Novel lipoprotein, function unknown IPRO00437, PS00013  Yes {10}
EG12004 yehR P33354 153  Novel lipoprotein, function unknown IPRO00437, PSO0013  Yes (10}
EG14166 yfeY  P76537 191  Novel lipoprotein, function unknown IPRO00437, PSO0013  Yes  [10]
EG14204 yfgH P76572 172  Novel lipoprotein, function unknown IPRO00437 Yes [0}
EG14208 yfgL  P77774 392  Novel lipoprotein, function unknown IPRO00437 Yes {101
EG11152 yfiB  PO7021 160  Putative outer membrane lipoprotein, ompA homolog,  IPRO00437, PS00013  Yes ~ (10}
function unknown
£G12446 il P11289 121 Novel lipoprotein, function unknown IPRO00437 Yes [10]
EG14222 ¥fi0  P77146 245  Novel lipoprotein, homologous to N. gonorrhoeae Coml, IPRO00437, PS00013  Yes [10]
function unknown
EG13081 ygdl Q46924 75  Novel lipoprotein, ygdR paralog, function unknown IPRO00437, PSO0013  Yes  [10]
EG13076 ygdR Q46932 72 Novel lipoprotein, ygd! paralog, function unknown ., IPRO00437, PS00013  No f10]
EG13048 ygeR Q46798 251 Novel lipoprotein, metalioprotease homalog, function " IPRO00437, PSO0013  No [0}
unknown
EG12991 yghG Q46835 136  Novel lipoprotein, function unknown IPRO00437, PSO0013  Yes {10}
EG12833 yhdV P45765 73  Novel lipoprotein, function unknown IPRO00437, PSO0013  Yes [10]
EG12907 yhfL  P45538 55  Novel lipoprotein, function unknown IPR0O0O0437 Yes [10]
EG12271 yiaD P37665 219  Novel ipoprotein, ompA hamolog, function unknown IPR0O00437, PS00013  Yes (10}
EG11860 yiiG P32151 351 Novel lipoprotein, function unknown IPRO00437 Yes 110}
EG11924 yjbF  P32687 212  Novel lipoprotein, ymcC paralog, function unknown IPR0O00437, PS00013  No 0]
EG12471  yjel P39278 117  Novel lipoprotein, function unknown IPRO00437 No 10]
EG13731 ymcC P75884 214  Novel fipoprotein, yjbF paralog, function unknown IPRO00437, PS00013  Yes  {10]
EG14298 ynbE P76075 61 Novel lipoprotein, function unknown IPRO00437 Yes [10]
EG13841 ynfC  P76171 236  Novel lipoprotein, function unknown IPR0O00437, PS00013  No 10}
EG14304 yoaF P76244 84  Novel lipoprotein, function unknown IPRO00437 Yes  [10]
EG13018 yghH Q46860 85  Novel lipoprotein, Ipp paralog, function unknown IPRO00437, PS00013  Yes [10)
EG12781 yraP  P45467 191  Novel lipoprotein, osmY paralog, function unknown IPRO00437, PS00013  No [10]

EcoGene includes a compilation of all E. coli proteins
whose N-terminal sequences were experimentally de-
termined. This verified set currently contains 862 pro-
teins: http://bmb.med.miami.edu/EcoGene/EcoWeb/CESS
Pages/VerifiedProts.htm. Each protein is associated with
the corresponding primary literature citations and the
number of amino acids removed post-translationally, if
any. Two negative training sets were derived from this
verified set: (i) a set of 135 exported proteins cleaved by
signal peptidase | (SPY), and (li) a set of 722 proteins that
are either not cleaved or cleaved by methionine amino-

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

peptidase that liberates the N-terminal methionine resi-
due. The second set was used for training the motif pa-
rameters whereas the first was used only for later verifica-
tions.

The EcoGene database includes revised predicted start
sites for 730 E. coli proteins. Numerous proteins needed
to be shortened as a result of an original annotation strat-
egy that favored the longest ORF as opposed to the
most likely [5]. Most of these corrections have been com-
municated to SWISS-PROT from EcoGene as part of a
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collaborative annotation effort. Incorrect or unfikely anno-
tation of transiation start sites can cause many problems
in postgenomics research, including the identification of
potential lipoproteins.

2.2 Lipoprotein motif

We define a motif as a linear sequence of attributes or
tokens. Each token describes one or more characteristics
of a single amino acid or subsequence. Different token
types were set. They are listed in Table 2. The different
characteristics are shown in Table 3. The lipoprotein motif
used for training is very similar to the one used in [9] for
the detection of lipoproteins in Bacillus subtilis. In the
PATOSEQ syntax it is written as:

M [p.3:3](0.25) YR,K} [h"{R,K},15:15)(6,20) {} {} {} C *

Table 2. Different token types and their interpretation.
Each token can be weighted by prefixing with a
numerical value. Tokens prefixed with a ! are
locked for refinement

A A fixed amino acid (anchor).

a A variable amino acid (distance measure
used: Dayhoff,sg).

A frequency vector specifying the fre-
quency of each amino acid. If no resi-
due is specified, the natural frequencies
of each amino acid are used. If residues
are listed with no specified frequency,
the relative natural frequency is as-
sumed. If this token is preceded by a
tilde (7), values are inverted (exclusive
vector).

A sequence of length 10 with variance 1
and the characteristics x. A range
{min, max) can optional be appendend.

Any single amino acid
Any sequence of amino acids

{S=04,
T=0.6}

ix, 10:1)

Table 3. The variety of characteristics for sequence
tokens. Each characteristic can be weighted
by prefixing with a numerical value

p.nu positive, negative or no charge

o,y hydrophobic or hydrophilic

s large or small (volume)

a, b,i amphipatic alpha helix, beta sheet or volume-
helix

{A, G} frequency vector

no characteristics

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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which should be read as an initial methionine residue (M),
followed by a positively charged region of length 0 to 25
([p.3:3)(0.25)), followed by either an arginine or lysine resi-
due ({R,K}"), followed by a hydrophobic region of length 6
to 20 residues characterized by a frequency vector initially
not containing positively charged residues ({h™{R.K},
15:15)(6,20)3, followed by three residues characterized
by frequency vectors ({} {} {}), followed by a fixed cysteine
residue (C) which is the lipid binding site, followed by any-
thing (%).

2.3 Motif scoring

Once a motif is aligned to an amino acid sequence, a
corresponding score is calculated as the sum of the par-
tial scores for each aligned token:

score(m) = Z score(t) (1
]

where  is the # token in the motif m and score, its scoring
function. For subsequences containing more than one
characteristic, the partial score for each characteristic is
summed. To ensure the consistency of the alignment, par-
tial scores nfust all be in the same unit of measurement,
independently of the characteristic being scored. Conse-
quently, the partial score is defined as the relative log-
probability of the aligned subsequence fitting the charac-
teristics associated with the given token as opposed to a
random match:

scorelt) = log (P*(8) (2)

The total score can then be interpreted as the log-prob-
ability of the entire aminoacid sequence matching the
entire motif:

e = TP (8) &)

i

Since some features in a motif can be more important
than others, they are optionally weighted. These weights
are multiplied with the partial log-probabilities:

score(t) = wilog(P* () {4)
i

gcoem = T Pr(a™ (5)
i

where w, is the assigned weight of the " token. Two

tokens t; and t, with weights w, and w, are interpreted

as the characteristics in & occur 'VV; times more often

than those in t,.

The functions for the different £*(t) are defined separately
for each token type and each characteristic in a token. For
the token types any (¥) and space (), this probability is

! The | modifier locks this token so that it is not modified during
training, effectively forcing the motif to match either R or K.
2 ~ modifier inverts a given frequency vector.
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always 1. For fixed amino acids (A), the probabiiity is 1 in
the case of a match and O otherwise.

For frequency vector tokens, P*(t) is given by the relative
probability of an amino acid a matching the frequency
vector f, compared with natural occurrence f;:

fv(a)
fu(a) + fn(a)

For frequency vectors within sequence tokens, the aver-
age relative probability is used:

nfv(ﬁ)
H fu(s) + H fa(si)

where s, is the " amino acid in the subsequence s. To
allow for flexibility (i.e.. during refinement), a noise fac-
tor e can be added to the relative frequency:

fv(a) + efz(a)
fy(a) + f(a)

Pf(a) = ©)

Pi(s) = ™

Pf(a) = ®
which also avoids "trapping” the total score at 0 and hin-
dering refinement, as seen later.

The length of a subsequence is similarly scored. The
length of a given subsequence is assumed to be Poisson
distributed (insertions and deletions being discrete cumu-
lative events). If in the random case the subsequence
length is evenly distributed over an interval (a, b), then P}
is defined as:

Br(s) = mu(}sl)

N EEN T @

where m,{x) Is the Poisson probability of x with A = p.
Values for a and b are set to 1 and 100, unless specified
otherwise,

The scoring of the other tokens (i.e., charge, hydropho-
bicity, volume, etc.) is somewhat more complicated, since
they correspond to a more abstract concept of high or

LplA:
M KIRMEREKEKTMNMALTPLAAMBMTIANGTCS ¥ S...

b
[p,4.5:1)
{R,R)
thu,12:1] ===
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low as opposed to fixed values of these characteristics.
Charge, hydrophobicity and volume are estimated from
the normal distribution of their expected value, e.g., for
charge:

Hen = 3 fi(a)ch(a) (10)
oZ, =" £(8)(1en — ch(a))? an

where cHa) is the net charge of the amino acid a. The
same scoring scheme is applied for amino acid volume
and hydrophobicity indices, and in fact, any index that
models a physicochemical characteristic.

Given the average charge of a subsequence s, P} (posi-
tive charge) is then calculated as the inverse probability of
the charge being greater in the random case:

Py (5) = CDF(N(pen, Oen), ch(s)) (12)

where N{u, o) is the normal {Gaussian) distribution over
p and o and ch(s) is the average charge per residue of
the subsequence s. This scoring method can be applied
to any value for which the distribution can be derived ana-
lytically or experimentaily (for more examples see {9]).

Finally, the optimal alignment of any motif with an amino
acid sequence is achieved using dynamic programming
(Fig. 1). This alignment scoring technique significantly
differs from scoring with regular expressions and other
grammars, or with weight matrices. In our method, a pro-
tein sequence is compared to a description of a protein
sequence, so that the score Is the maximized probability
of the sequence fltting the description. In other words,
we are not evaluating some abstract numerical score,
but the ratio of the probability of the given sequence
matching the motif over the probability of a random
sequence matching the motif. The resulting score is not
binary, as in the case of grammars and regular expres-
sions. Moreover, it is statistically and biologically inter-
pretable, unlike weight matrix scores.

{1

Figure 1. Motif Alignment: the

{}

motif is aligned to the sequence

{A,G, 5}
<

using dynamic programming

-

much in the same way as pair-
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2.4 Motif refinement

Given a set of known (or expected) positive and negative
examples and a motif, a classification score is caiculated
to assess how well the given motif discriminates between
the two sets. The motif can then be parameterized to
maximize this score. Abundant literature is describing
widely used scoring methods (Mathews correlation
coefficient [16), Fisher linear discriminant {17], Linear-
Classify [18], Precision/Recall [19] to quote the most
popular). As pointed out in [20], these approaches are
almost all directly based on the effective number of
misclassified sequences. in the present work, the scor-
ing scheme for classification does not depend on this
quantity.

Scores of sequences in a positive or negative dataset can
be plotted in a distribution. Such score distributions can
be modelled as beta-distributions. The expected percent-
age of misclassified sequences can be calculated as the
overlap between both distributions relative to a cut-off
value ¢

disc(c) = E%S—TICDF(B(;F,U'),C)+ -
Is*]
5 aysr (1~ COF(BW, ), 0))

where S* and S~ are the positive and negative sets and
Bu*. o) and B(u~, o™) their beta-distributions. The cut-
off value cis chosen such as to maximize this score.

This approach is justified since sequences used for train-
ing are mere samples of an exhaustive set (i.e. an entire
proteome). The classification score corresponds to the
expected extent of the overlap. The method relies more
on the average characteristics of our sequences and
outliers are effectively treated as such (i.e. exceptions
are tolerated). This will later avoid overfitting of the motif
to the training set. The classification score is maximized
over the motif parameters (frequency vectors, lengths
and weights), which is nontrivial. Indeed, any change in
the motif can affect the partial scores hence the align-
ment outcome, leading to discontinuities in the scoring
surface.

Refinement is based on a heuristics presented in [9]. The
frequency vector values and subsequence lengths are
adjusted according to values observed in aligned positive
examples. Weights are adjusted according to their relative
discriminative power or through a least-square minimiza-
tion of the overlapping distributions (approximate).

Optimization is iterative. Each parameter change is fol-
lowed by sequence realignment and the change is kept
only if the classification score improves. The motif is initi-
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ally trained as detailed in [9] using the verified positive and
negative training sets described above. The validity of this
prediction is then tested using a k-fold validation test over
the positive training sequences.

The refined motif is then applied to all sequences of
the EcoProt (translated EcoGene) database (Version 17).
This initial prediction is used for bootstrapping over
the EcoProt set of sequences. Bootstrapping involves
using the results of a prediction to re-refine the initial
motif. It is followed by a new prediction over the same
data set based on the re-refined motif. Practically, false
positives and false negatives are considered respec-
tively as positives and negatives until no further refine-
ment is possible. The procedure is illustrated in Fig. 2.
Bootstrapping is not used to optimize the motif itself,
but to optimize the partition of the proteome given an
initial motif. Intuitively speaking, such a partition can and
should be assumed since the cell is likely to distinguish

refined morif

il classifcation
+
g
g
&
a

+ refined motif  “predenon I-

J

bootstrapping

+ initial motif  wamay o

refined morif

I
EcoProt l

+ refined motif “predicaon ©

botstrapping

J

+ initial motif g

refined morif

|
;

erc...

Figure 2. The different steps in motif refinement, Starting
from an initial motif and an initial training set, the motif is
refined. The refined motif is then used to partition a pro-
teome into positive and negative predictions which are in
turn used to re-refine the initial motif and so on, until the
predictions remain stable.
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between lipoproteins and nonlipoproteins. Moreover, the
partition is not likely to degenerate and shift away from a
lipoprotein/nonlipoprotein classification, given that only
the parameterization of the initial motif is optimized dur-
ing refinement. As the results show, this is effectively the
case.

3 Results
3.1 Motif refinement

The motif was trained as described in Section 2.4. Both
sets are perfectly distinguished with the refined motif.
The lowest scoring positive is 30.139% and the highest
scoring negative, 3.339%. The total classification score
over the training data is 100%. In other words, all training
sequences are discriminated correctly, and the distribu-
tions of scorés do not discernibly overiap.

For the k-fold cross-validation, the set of known positive
sequences was divided into 10 groups of eight se-
quences and the motif was retrained using all combina-
tions of nirie of these 10 groups and tested against the
remaining one. The groups were created deterministically
by sorting and splitting the data according to EcoGene
IDs. This approach is equivalent to a random partition of
the data set and was chosen to ensure unbiasedness and
reproducibility.

50

40-

301

201
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Of the resuiting predictions, six positive sequences (7.5%)
are missed: nipE, ripA, ripB, mitC, apbE and yddW. All of
these sequences except for ripA have singular residues in
the lipobox and RIpA is the only sequence containing a
tryptophan residue in the transmembrane region. These
weak characteristics are difficult to predict if they are
not represented in the training set. The refined motif was
then applied to all sequences of the EcoProt (translated
EcoGene) database (Version 17), yielding 120 predicted
lipoproteins and 1457 nonlipoproteins. The remaining
sequences could not be aligned due to the missing-re-
quired methionine and cysteine residues and are there-
fore also considered nonlipoproteins, although they could
no longer be used for this analysis.

After a first bootstrapping run, the initial motif was modi-
fied to be more specific in the lipobox:

{LLMFTV} {} {A.G.S} C *

for faster convergence. Since the content of the fre-
quency vectors is also subject to refinement, the exibility
of the lipoprotein signal motif is not altered. Bootstrap-
ping converged after two iterations towards 118 pre-
dicted lipoprotejns with a classification score of 99.98%.
nanE and yjiK were reclassified as nonlipoproteins. The
lowest scoring positive sequence is yddW with 36.573%
and the highest scoring negative is nank with 31.886%.
The distribution of the scores can be seen in Fig. 3. The
complete set of predicted lipoproteins and their scores
are shown in Table 4.

Figure 3. Distribution of the

° 20
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Table 4. The 118 predicted lipoprotein signals found in the EcoGene E, coli protein sequences using PATOSEQ

Name Score Aligned sequence Name Score Aligned sequence

mitB  65.10412 yjbF  56.56772 {MIK]:]
mdtE  64.84520 osmB 56.47267 Y] AR IR AT
yajG  64.76101 yeeK  56.43614
YR 64.49154 ymcC  56.40653

ecnA  64.17996 resF - 56.36003
yafT  64.09877 metQ  56.33563
ybK  64.01340 fecD  56.24603
yhdV  63.77605 yea¥ 5622610 [

yfgt  63.63713
yfgH  63.58306
yi0  63.44926
yggG  63.36798
ythM  63.35255
ybjP  62.65524

yecR  56.15763
yajt  56.12183
ygdR  56.08548
mitC  56.07822
ygeR  55.96281
yceB  55.86755

ycfM  62.44483 yjel  55.82614
shyB  62.34039 ybhC  55.80707
mitA  62.32953 yidX  55.46699
yefl. 6217904 pal  55.39019
ycal  62.12220 ydbJ  55.32699
pp  62.09211 ecnB  55.22635
ynfC  62.03280 ybfP 55.15352
ymbA  61.93177 yiM  55.05734

yift  61.87079
yleY  61.69214
yeeZ  61.39632
yedD  61.30897
R 61.23163
oD 61.23163
ycdR  60.95369

mdtP  54.84027
SmpA  54.763%5
yiaF  54.74585
yIBE  54.70140
fpA 5321251
acf 5272669
fepG 5251321

yoN  60.77116 yaeF  52.40728
YN 60.68041 yba¥  52.12813
vac)  60.55754 yliB  51.92793
hsl)  60.49410 yaiWw 5148457
yhfl  60.47031 yebF  51.48306
derB 60.20883 i 50.81708
yegR  60.02550 oSmE  50.61636
nipl  59.93968 ydY 5050179
borD  59.80778 yghH  49.55094
yehR  59.78834 Rl 49.10648
wza  59.65025 nlpD  49.09852

yghy  59.60455

yraP 48.60274
emtA  59.38242 j

yGN  58.98437 lolB  48.15941
ygdl  58.50586 bic 4784833
sp 58.37951 ypdl 4750745
CyoA  58.23754 nip8 4726330 [
¥l 58.10022 apbf  47.21592

cusC  57.70727
yalY  57.57113
yiab  57.31151
yoaF  57.18330
ydeL  57.11211
¢sgG  57.10907

p8  46.96210 B NTISEAY
acrA 45.26031 [T} I I ESETPTAVVIMISGS
amT  44.25810 [MIKSV] -]

spr - 44.23807 [N B CIPATAVA
g 44.14161
yqiG  43.01175

mitD  56.92914 o 42.89918 TGRSR EITCAGYRAT

yiB  56.72722 ampC  42.79648 [ATCAd

nipf 56.70599 yraM  41.24680 [T [N g CTOWTAE

nlpC  56.68813 yecT  40.69571 I Jae"Ejrd

yghG  56.66591 YicA  37.32636 .
nipA  56.60377 yddW  36.63137 ' BEEM kST ..
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3.2 Comparison of various sources of
lipoprotein predictions

The results of a variety of lipoprotein prediction programs
and existing lipoprotein database entries were combined
and corroborated to obtain a final compilation predicting
a total of 125 lipoproteins in E. coli K-12. These were
derived from a variety of sources and assessed for relia-
bility. The LipoP training sets included 63 verified lipopro-
teins, 328 SPI-cleaved proteins, and 388 cytoplasmic
proteins [10) selected in a variety of Gram-negative bac-
teria, i.e., not just E. coli. Fifteen of the 63 verified lipo-
proteins in the LipoP positive training set were E. coli
sequences. LipoP could detect an additional seven E. coli
lipoproteins when SWISS-PROT protein sequences were
used as opposed to those in GenBank {21}, given that
start sites were corrected in the SWISS-PROT version of
the sequences [10].

In total, 134 E. coli SWISS-PROT and TrEMBL entries
(release 42) are cross-linked to the PS000013 PROSITE
pattern or the InterPro IPRO00437 (signature characteriz-
ing bacterial lipoproteins) and 86 sequences are stored
in DOLOP as the predicted set corresponding to E. coli
K-12. The complete list of predicted lipoproteins reaches
101 items in [10). The 81 proven lipoproteins listed in Eco-
Gene (Table 1) do not exactly match data found in other
databases. In SWISS-PROT, 78 of these E. colientries are

Table 5. Predicted E. coli K-12 lipoproteins

Proteomics 2004, 4, 000-000

cross-linked with InterPro IPR000437. In DOLOP, 51 se-
quences are common to the set of 81. Furthermore, the
published list of predicted proteins in [10] coincides only
for 76/81 sequences used for training. Table 1 contains
the citations to the experimental verification publications.

Table 5 lists all lipoproteins that were predicted by the var-
ious sources, excluding the entries in Table 1, reaching a
total of 88 predicted, but as yet unproven, lipoproteins.
in fact, 11/88 are proven not to be lipoproteins. Such
recognized false positives are referenced in Table 5. One
putative lipoprotein gene, yahH, listed in DOLOP only, has
been removed from EcoGene as it is an unlikely transla-
tion of a REP element. Thirty-two out of 88 are evaluated
as probable false positives based on homology analysis
and other considerations listed in the ‘Comments and
False Positive References’ column in Table 5. These are
not infallible exclusionary considerations and some of
these may in fact turn out to be lipoproteins, although
this seems quite unlikely. This leaves 44/88 predicted
as lipoproteins as shown in Table 3. Sixteen out of 44
possible lipoproteins did not have enough homologues
to support the, Jipoprotein predictions. A conservative
estimate for the predicted set, i.e., probable lipopro-
teins, amounts to 28. Added to the verified lipoproteins
(Table 1) the final bona fide set of lipoproteins contains a
total of 109 proteins.

£G Acc Gene SPAcc  Llen  Description PATOSEQ/ Nd DOLOP  Comments and
LipoP Annotation False Positive References
LipoP and PATOSEQ hits

EG12218 dcrB P37620 185  Resistant to Iytic phage C1 PATO/ IPROO0437 No Probable fipoprotein,
LipoP-Yes Cys conserved

EG11952 mdtP P32714 488  Putative outer membrane factor for  PATO/ IPROOC437,  VYes Probable lipoprotein,
MdtNOP efflux pump LipoP-Yes PS00013 Cys conserved

EG14380 rzoD  P58041 60  Homolog to lambda Rz1 lipoprotein ~ PATO/ {PROO0437,  No Probable fipoprotein,
in prophage DLP1 2 LipoP-Yes PS00013 Cys conserved,

homoiogous to Rz1

EG14381 rzoR  P58042 61  Homolog to lambda Rz1 lipoprotein  PATO/ IPROC0437,  No Probable lipoprotein,
in prophage Rac LipoP-Yes PS00013 Cys conserved,

homologous to Rz1

EG10852 smpA P23089 113 Putative lipoprotein, OmiA homolog,  PATO/ IPRO00437,  Yes Probable fipoprotein,
: function unknown LipoP-Yes PS00013 Cys conserved

EG12138  yaeF  P37056 274  Putative lipoprotein, function PATO/ IPROC0437,  No Probable lipoprotein,
unknown LipoP-Yes PS00013 Cys conserved

EG13608 yaW P77562 364  Putative lipoprotein, function PATO/ IPRO00437 Yes Probable lipoprotein,
unknown LipoP-Yes Cys conserved

EG12182  yaG  P36671 192 Putative lipoprotein, function PATO/ IPROO0437,  No Probable lipoprotein,
unknown LipoP-Yes PS00013 Cys conserved

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 5. Continued
EG Acc Gene SPAcc  len  Description PATOSEQ/ SP DOLOP  Comments and

LipoP Annotation False Positive References
612874 yal  P46122 179 Putative lipoprotein, function PATO/ IPRO00437,  No Probable lipoprotein,
unknown LipoP-Yes PS00013 Cys conserved
EG13430 ycfL  P75946 125  Putative lipoprotein, functio PATO/ IPRO00437 Yes Probable lipoprotein,
unknown : LipoP-Yes Cys conserved
EG13182 ydbJ P52646 88  Putative lipoprotein, function PATO/ IPRO00437 No Probable lipoprotein,
unknown LipoP-Yes Cys conserved
EG14095 ybK  P76481 575  Putative lipoprotein, function PATO/ IPRO00437 Yes Probable lipoprotein,
unknown LipoP-Yes Cys conserved
EG13394 yhM  P76578 1653  Putative lipoprotein, function PATO/ IPRODO437,  Yes Probable lipoprotein,
unknown LipoP-Yes PS00013 Cys conserved
EG12857 yfiM  P46126 107  Putative lipoprotein, function PATO/ non-EcoGene  No Probable lipoprotein,
unknown LipoP-Yes start Cys conserved
EG11291 yggG P25894 252  Putative metalloprotease lipopratein, PATO/ IPROO0437,  No Probable fipoprotein,
function unknown LipoP-Yes PS00013 Cys conserved
EG12994 ygh) Q46837 1520  Putative lipoprotein, AcfD homolog,  PATO/ IPRO00437,  Yes Probable lipoprotein,
function unknown LipoP-Yes PS00013 Cys conserved
EG12273  yiaF  P37667 236  Putative lipoprotein, function PATO/ non-EcoGene  No Probabie fipoprotein,
unknown LipoP-Yes,,  start Cys conserved
EG11719  yidX  P31461 218  Putative lipoprotein, function PATO/ IPRO0O437 No Probable lipoprotein,
unknown LipoP-Yes Cys conserved
EG12353 it ~ P39166 67  Putative lipoprotein, function PATO/ IPRO00437,  No Probable tipoprotein,
unknown LipoP-Yes PS00013 Cys conserved
EG12489  yjf0  P39297 109  Putative lipoprotein, function PATO/ IPROC0437,  No Probable lipoprotein,
unknown LipoP-Yes PS00013 Cys conserved
EG13719 ymbA P75866 187  Putative lipoprotein, function PATO/ non-EcoGene  No Probable lipoprotein,
unknown LipoP-Yes start Cys conserved
£G12778 yraM  P45464 678  Putative lipoprotein, LppC homolog,  PATO/ No No Probabie fipoprotein,
function unknown LipoP-Yes Cys conserved
EG13337 yafY  P77365 147  Function unknown PATO/ non-EcoGene  No Possible lipoprotein, yfjS
LipoP-Yes start is the only homolog
£G14001 ydY  P76220 225  Function unknown PATO/ No No Possible lipoprotein,
LipoP-Yes no homologs
EG14061 yegR P76406 105  Function unknown PATO/ non-ecoGene  No Possible lipoprotein,
LipoP-Yes start no homologs
£G13205 yfiS 052982 147  Function unknown PATO/ IPRO0C437,  No Possible lipoprotein, yafY
LipoP-Yes PS00013 is the only homolog
EG14376 ypdl 032528 91  Function unknown PATO/ IPRO00437,  No Possible lipoprotein,
LipoP-Yes PS00013 no homologs
£610322  fiL P06973 154  Affects rotational direction of flagella PATO/ No No Probable false positive,
during chemotaxis LipoP-Yes Cys not conserved
PATOSEQ, not LipoP hits
EGI0178  cyoA P18400 315  Cytochrome c oxidase subunit I, LipoP-No IPRO00437,  No Verified lipoprotein [32],
membrane-bound PS00013 2 CM TMS predicted
EG14401  yicA  None 91 Putative lipoprotein, function LipoP-No Notin SWMISS-  No Probable lipoprotein,
unknown PROT lipobox conserved in
Yersina
EG14316 yecT P76296 162  Function unknown LipoP-No No Yes Possible lipoprotein,
EC and distant homo-
logs only
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Table 5. Continued
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EG Acc Gene SPAcc  Llen  Description PATOSEQY N DOLOP  Comments and
LipoP Annotation False Positive References
£614093 amT  P76473 550  4-amino-4-deoxy-L-arabinose: LipoP-No IPRO00437 No Probable false positive,
Lipid A transferase 12 CM TMs predicted,
Cys not conserved
£G10289 fecD P15029 318  Femic citrate transport membrane LipoP-No IPRO00437 Yes Probable false positive,
permease 9 CM TMs predicted,
Cys not conserved
EG10298 fepG  P23877 330  Femienterobactin permease, LipoP-No IPROO0437 Yes Probable false positive,
membrane-bound 9 CM TMs predicted,
Cys conserved in en-
terics
EG14077 n P76446 518  Overexpression confers resistance  LipoP-No IPRO00437 No Probable false positive,
to lambda and N4 2 CM_TMs predicted,
Cys not conserved
EG11807 yebF  P33219 122 Function unknown LipoP-No IPRO00437,  Yes Probable false positive,
: PS00013 Cys not conserved,
probable SPi substrate
EG13473 yliB  P75797 512  Putative periplasmic binding protein,  LipoP-No IPRO00437,  No Probable false positive,
function unknown PS00013 Cys not conserved,
possible SP! substrate
EG14228 yqiG  P76655 822  Function unknown, fimbrial usher LipoP-No non-EcoGene  No Probable false positive,
homolog start Cys not conserved,
1521 insertion
EG10040 ampC POO811 377  Intrinsic weak bet a-lactamase LipoP-No IPRO0O0437 Ne False positive, verified
activity SPI substrate {55}
LipoP, not PATOSEQ hits
EG12020 mdtQ P33363 478  Putative OM lipoprotein of tripartite ~ PATO-No IPRO00437, No Probable lipoprotein
efflux pump PS00013 signal, Cys conserved,
paralogs MdtP and
CusC
£G12139 yhG  P37328 237  Putative lipoprotein, function PATO-No IPRO0D437 No Probabie lipoprotein
unknown signal, Cys is con-
served
EG11712  yidQ  P31454 110 Putative lipoprotein, function PATO-No IPRO00437 No Probabie lipoprotein, Cys
unknown is conserved and yceK
paralog is lipoprotein
EG11917 - yjaH  P32681 231  Function unknown PATO0-No No No Possible lipoprotein, Cys
conserved, 30 aa long
signal predicted
£G11926 yjpH  P32689 698  Function unknown, ymcA paralog PATO-No IPROO0437,  No Possible fipaprotein, Cys
PS00013 somewhat conserved
EG14400 ysaB  None 99  Function unknown PATO-No Not in SWISS-  No Possible lipoprotein,
’ PROT Cys conserved, no
charged residue
EG11164 ygiB  P24195 223  Function unknown PATO-No non-EcoGene  No Possible fipoprotein
start signal, Cys is conserv-
ed, long signal (35aa)
EG12258 besZ  P37651 368  Endo-1,4-o-glucanase, periplasmic  PATO-No No No Probable false positive,

cellulase

Cys somewhat con-
served, soluble peri-
plasmic
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Table 5. Continued

EG Acc Gene SPAcc  len  Description PATOSEQ/ SP
LipoP Annotation

DOLOP  Comments and
False Positive References

EG14240 kefA  P77338 1120 Mechanosensitive channel protein  PATO-No No
MscK(KefA)

EG11950 nifG  P32712 198  Required for Nrf pathway, function ~ PATO-No No
unknown,

EG11333  visC  P25535 400 Putative FAD-dependent oxidore- PATO-No No
ductase, function unknown

EG11769  ybbC  P33668 122 Function unknown PATO-No IPRO00437,
PS00013
EG13650  ybeT  P77286 184 Function unknown PATO-No No
EG11780 ydeK P32051 1325 Putative OM autotransporter adhesin, PATO-No IPRO00437,
function unknown PS00013
EG11840 yhN  P32135 421 Putative MFS family permease, PATO-No No
function unknown
EG10530 lepB  POOBO3 324 Signal peptidase | (for nonlipo- PATO-No No
proteins)

EG13271 panE P77728 303 Ketopantoate reductase, NADPH- PATO-No No
dependent

EGI10971  sriD  PO5707 259 Sorbitol-6-phosphate dehydrogenase PATO-No No

Swiss-Prot/InterPro only

No Probable false positive,
12 CM TMs, Cys not
conserved

No Probable false positive,
Cys not conserved

No Probabie false positive,
Cys not conserved,
probably cytoplasmic

No Probable false positive,
Cys not conserved

No Probable false positive,
Cys not conserved

No Probable false positive,
Cys not conserved in
ather autotransporters

No Probabie fatse positive,
10 CM TMs, Cys not
conserved

No False positive, shown
to have no signal
peptide (58]

No False positive, un-
processed, verified by
mass spectrometry
162)

No False pasitive, un-
processed, verified
amino terminus [43)

EG13149  yafl Q47151 249 Putative lipoprotein, function PATO/ IPROD0437 No Probable lipoprotein,
unknown LipoP-No NipC paralog
EG11488  ydhA  P28224 109 Putative lipoprotein, function PATO/ IPRO00437 No Probable lipoprotein,
unknown LipoP-No lipobox conserved,
EcoGene had unlikely
start codon
EG14383 mgB  P76267 47  Mg(2+)-starvation-stimulated gene, ~ PATO/ IPRO00437 No Possible lipoprotein,
function unknown LipoP-No Cys conserved in
Saimonella
EG13477  yiiF P75801 442 Function unknown PATO/ IPRO00437 No Possible lipoprotein, no
LipoP-No N-domain homologs
EG13729 ymcA  P75882 698  Function unknown, yjbH paralog PATO/ {PRO00437,  No Possible lipoprotein,
~ LipoP-No PS00013 Cys somewhat con-
served
EG14007 ynjE  P78067 435  Rhodanese-like protein, function PATO/ IPRO00437 No Possible lipoprotein,
unknown LipoP-No Cys conserved
EG13178 rseC  P46187 159 Required for the reduction PATO/ IPROO0437 Yes Probable faise positive,
of SoxR LipoP-No lipobox not conserved
EG13643  ybd)  P77506 82 Function unknown PATO/ IPRO0O0437 No Probable false positive,
LipoP-No Cys not conserved,
2 CM TMs predicted
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Table 5. Continued

Proteomics 2004, 4, 000-000

EG Acc Gene SPAcc  ten  Description PATOSEQ/ SP DOLOP  Comments and
LipoP Annotation False Positive References
EG12395 ybgE  P37343 97  Fourth gene in cydAB operon, PATO/ IPRO00437 No Probable false positive,
function unknown LipoP-No Cys not conserved
EG13312 ybgP  P75743 242  Putative periplasmic pilus chaperone, PATO/ IPRO00437 No Probable false positive,
function unknown LipoP-No Cys not conserved,
likely SPi substrate
EG13710 ycbR  P75856 233  Putative periplasmic pilus chaperone, PATO/ IPRO00437 No Probable false positive,
function unknown LipoP-No Cys not conserved,
likely SPI substrate
EG11735 ycdB  P31545 423 Function unknown, peroxidase PATO/ IPRO0C437,  No Probable false positive,”
homolog LipoP-No PS00013 Cys not conserved,
predicted Tat substrate
EG13970 ydK  P77175 370  Putative membrane permease, PATO/ IPRO0O437 Yes Probabie false positive,
function unknown LipoP-No Cys not conserved,
9 CM TMs predicted
EG14164 yfeW P77619 434  Putative periplasmic esterase, PATO/ IPRO00437 No Probabie false positive,
function unknown LipoP-No Cys not conserved,
likely SPi substrate
EG10018 yhdA P13518 646  Function unknown PATO/ IPROO0437,  No Probabie false positive,
LipoP-No PS00013 Cys not conserved
EG11267 yiaB  P11286 113 Inner membrane protein, function PATO/ IPRO00437 No Probable false positive,
unknown LipoP-No Cys not conserved,
: 4 CM TMs predicted
£612281 yiaM  P37674 157  Putative membrane permease, PATO/ iPRO00437 No Probable faise positive,
function unknown LipoP-No Cys not conserved,
4 CM TMs predicted
EG14229 yqH  P77616 249  Putative periplasmic pilus chaperone, PATO/ IPRO0O0437 No Probabie false positive,
function unknown LipoP-No Cys not conserved,
likety SP substrate
EG10315 fimH  P0OB191 300  Minor type 1 fimbrial adhesion PATO/ IPRO0O43T  No False positive, verified
subunit LipoP-No SPI substrate [56]
EG10374 gt P18956 580  gamma-Ghramyltranspeptidase PATO/ 1PRO00437 No False positive, Verified
LipoP-No SP! substrate [52)
DOLOP oniy
EG12816 nanE  P45426 229  Putative ManNAC-6-Pto GlcNAc-6-P  PATO/ No Yes Possible lipoprotein,
epimerase LipoP-No Cys conserved
EG14386 ysa¥ P75620 72 Function unknown PATO/ No Yes Possible lipoprotein,
LipoP-No EC-ST only
EG11052 uhpB  PO9835 500  Membrane protein controlling UhpA  PATO/ No Yes Probable false positive,
activity, sensor kinase LipoP-No Cys not conserved,
10 CM TMs predicted
EG12097 yfiH  P33644 243 Function unknown PATO/ No Yes Probable faise positive,
LipoP-No Cys not conserved
EG14163 yfeV  P77272 474  Putative PTS system IIBC component, PATO/ No Yes Probable false positive,
function unknown LipoP-No Cys not conserved,
9 CM TMs predicted
EG13003 yghS Q46843 237  Function unknown PATO/ No Yes Probable false positive,
LipoP-No Cys not conserved
EG13839 ynfA  P76163 108  Inner membrane protein, function PATO/ No Yes False positive (K.E.R.,
unknown LipoP-No unpublished)
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Table 5. Continued
EGAcc . Gene SPAcc  len  Description PATOSEQY sp DOLOP  Comments and
LipoP Annotation False Positive References
EG10120 bioD . P13000 225  Dethiobiotin synthase PATO/ No Yes False positive, verified
LipoP-No amino terminus, Met
is cleaved [59]
EG10202 dacB P24228 477  p-alanine p-alanine carboxypeptidase PATO/ No Yes False positive, verified
PBP4 LipoP-No SPI substrate {60}
EG10306 fhuE  P16869 729  Outer membrane receptor for ferric-  PATO/ No Yes False positive, verified
rhodotorulic acid LipoP-No SPi substrate [61]
EG11481 tatD  P27859 260  Mg-dependent cytoplasmic DNase ~ PATO/ No Yes False positive, un-
LipoP-No processed, verified
amino terminus [57)
EG13592 yahH P75690 106  YahH is no longer in EcoGene PATO/ No Yes Defunct gene, unfikely
LipoP-No translation of REP
sequences

4 Discussion

Automatic classification of protein sequences depends,
in most cases, on the presence of patterns and motifs.
Motifs are generally determined as regions of conserved
positions in the optimized alignment of amino acid
sequences. In other words, regularities identified in a con-
served region are expressed as positional constraints.
Such denoted consensus sequences often correspond
to binding sites for substrates or regions involved in mod-
ification, transport, degradation, etc. In protein regions
identified as cleavage sites in protein processing path-
ways, even though amino acid regularity is visually ob-
vious, the variability of sequence length affects the quality
of alignment through the introduction of a substantial
number of gaps. Furthermore, many of the features of
protein binding sites are given in terms of characteristics,
such as net charge, hydrophobicity, size, etc., which are
not necessarily well represented by the presence or ab-
sence of a specific amino acid residue.

Such problems are exemplified in the case of the cleava-
ble N-terminal regions of bacteria! proteins. Searches for
signal peptide patterns, irrespective of their type, were
formalized along three main guidelines. Regular expres-
sions were used to accommodate length variability but
their implementation usually generates a binary answer
(presence/absence of a motif) [19]. Alternatively, strate-
gies using neural nets were defined to provide scoring
functions but users are deprived from an explicit and
tational biological explanation for an output {10, 22).
Rule-based systems [23] ideally circumvent the cited
shortcomings associated with the use of regular expres-
sions and neural nets but can only reproduce the limita-
tions of human understanding.

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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PATOSEQ introduced in [9] was set as an attempt to iden-
tify further explicit rules and constraints that might not
only be posiﬁonal and would reflect a biological phenom-
enon. We first suggested to change the alphabet used for
describing motifs in order to include partial information
on positional constraints in the descriptors. Secondly, we
set interdependent matching and scoring procedures
that would guarantee stable and optimized scores. Given
a motif description, scoring was set as the maximized
probability for a sequence to match this description. But,
as mentioned early in Section 2.1, in all cases, the most
critical step remains the initial selection of a reference or a
training set.

In the framework of bacterial lipoprotein study, attention
has first been focussed on the consensus defining the
so-called lipobox as initially identified in [5, 6]. The pres-
ence of this consensus has set the basis of all patterns
used for lipoprotein recognition. At the time, much fewer
sequences were available than nowadays. Incoming ge-
nome data spurred further direct investigations of se-
quence patterns with ad hoc methods in Gram-positive
bacteria [24, 25] as well as all bacteria indiscriminately
[12]. The latter updated resource provides a looser de-
finition of the PROSITE pattern for searching potential
lipoprotein signal sequence that allows a high number of
false positives. The regular expression defined as the
PROSITE pattern and complemented with ad hoc rules
is more stringent.

We considered the most documented bacterial pro-
teome, i.e. that of E. coli K-12. An initial set of 81 lipopro-
teins was carefully checked and crosschecked for maxi-
mum guarantee to comply with the standards of annota-
tion in EcoGene [13]. It is justified in Section 3. This set
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was used for training PATOSEQ to search lipoproteins. n
paralle!, 134 SWISS-PROT and TrEMBL entries cross-
linked to the PS000013 PROSITE pattern or the InterPro
IPRO00437 were retrieved as well as the 86 predicted
lipoproteins of £. coli K-12 in DOLOP. The variability of
sources (EcoGene, SWISS-PROT, DOLOP, InterPro and
PROSITE) and the differences of the prediction schemes
provided by LipoP and PATOSEQ motivated the validation
of each sequence.

Unsurprisingly, the quality of annotation is uneven and
proportional to the level of human input. In particular,
improper protein starts are a significant cause for incon-
sistencies that bear on the accuracy of database informa-
tion as well as the performance of predictive methods.
Indeed, feeding LipoP with EcoGene protein sequences
that included recently revised predicted translation start
sites, relative to GenBank or SWISS-PROT, enhanced
the efficiency of the program: six additional lipoproteins
were predicted (noted in the LipoP predictions of Table 5
as "non-EcoGene starts”). The EcoGene start site predic-
tion revisions are presented in the EcoGene records for
these genes in the "Gene Quality” field (http://bmb.med.
miami.edu/EcoGene/EcoWeb).

Each item of the predicted lipoproteins in £. coli K-12
listed in this paper was analyzed in detail. Explanations
correspond to the best of our knowledge via the use of
heuristic rules {conservation in orthologues, prediction of
transmembrane regions and other topological criteria).
Using the corrected start sites from EcoProt, LipoP and
PATOSEQ yield 109 matching predictions. Quite logically,
PATOSEQ recognized the 81 proven lipoproteins. It also
predicted another 37, 28 of which we consider to be cor~
rect predictions. The remaining nine predictions which we
consider to be false are either proven or supposed Type |
secreted proteins. It should be noted that these are not
selected by the LipoP predictor since a filter for Type |
signals is applied prior to processing sequences for
Type Il

The explicit performance of PATOSEQ helped identify
some specific features of the lipoprotein signal in E. coli
K-12, proper. In particular the nonappearance of particu-
lar amino acids in the lipobox influences the prediction
and may provide further constraints justifying protein
secretion. Conversely, PATOSEQ is inflexibly sensitive to
the absence of positively charged residues between the
initial methionine and the helical part of the signal. The
investigation of apparently minute discrepancies in signal
peptide sequences can lead to a more precise recogni-
tion. In fact, unpublished tests with slight variations on
the motif in Gram-positive bacteria led to fine-tune de-
scriptions depending on the organism. Such small differ-
ences matched published observations in {25). Given the

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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physiological differences between organisms, variations
in the properties of secretion are to be expected. We
looked into characteristics that would distinguish patho-
genic from nonpathogenic strains that could not be tested
so far.

5 Concluding remarks

The careful sorting of E. coli K-12 lipoproteins led to the
selection of a restricted set of candidates that could be
tested. it also provided a benchmark set for evaluating
predictive methods and their sensitivity. As a common
trend in bioinformatics applications, the combined use of
several methods is equivalent to merging several view-
points; most of the time, it reinforces the reliability of pre-
diction and shows that various methods complement
each other.

We would like to thank Russell Bishop for his valuable heip
in compiling the data sets used in this work. We would
also like to thank the editors for their infinite patience and
the reviewers for their constructive comments. Part of this
work was supported by the NIH grant No. GM58560 to
KER. "
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INTRODUCTION nome: BamHI. 493; Kpnl, 516: Hindlll. 556: EcoRI. 645: Pst).

EcoMap10, the physical map of edition 10 of the Escherichia
coli X-12 linkage map, is a map of restriction sites and genomic
positions of a set of bacteriophage lambda clones and includes
a graphic representation of EcoGenel0, a refined annotation
of the Escherichia coli genome sequence. The previous version,
EcoMap7, was published as part of edition 9 of the Escherichia
coli K-12 linkage map (4). A brief description of EcoMapl0 is
provided here, and a more detailed description of EcoMap10
and the EcoGenel0 data set will be published separately (16).
The most significant change in EcoMap construction is that it
is now based upon the complete genome sequence of £. coli
K-12 strain MG1655 version M52 (4.639.221 bp) as determined
by Blattner et al. (5). EcoMapl0 features, including the pre-
dicted restriction sites, Kohara clone alignments. protein cod-
ing regions, gene and open reading frame (ORF) designations.
insertion sequence (IS) elements, and repetitive extragenic
palindrome (REP) clusters, have all been derived by using
version M52 of the MG1655 DNA scquence (GenBank/
EMBL/DDBIJ accession no., U00096). The tables and refer-
ences in the traditional map of edition 10 of the Escherichia
coli K-12 linkage map (3) also apply to the genes displayed in
the physical map.

EcoMap10

Restriction Enzyme Recognition Sites

The recognition sites for the eight restriction enzymes used
to create the whole genome restriction map of Kohara et al.
(10) are predicted from the genomic DNA sequence. These
6-bp recognition sites are mapped at the position of their first
base pair. Although any set of restriction sites can now be used
to create a restriction map of the entire chromosome, this set
of sites was used in order to retain continuity with the original
Kohara/Isono genomic restriction map and previous EcoMap
versions. This set of commonly used enzymes provides a con-
venient pattern of restriction sites and includes a wide range in
the number of predicted recognition sites in the MG1655 ge-

* Mailing address: Department of Biochemistry and Molecular Bi-
ology (R-629), University of Miami School of Medicine, P.O. Box
016129, Miami, FL 33101-6129. Phone: (305) 243-6035. Fax: (305) 243-
3955, E-mail: rudd@ecogene.med.miami.cdu.

958; Pvull, 1,778: Bgll, 1.919: and EcoRV. 2.040. The expected
number of 6-bp restriction enzyme recognition sites in a ran-
domly g&nerated DNA sequence of this length and composi-
tion would be 1,133, The mean number of predicted sites for
this sct of eight enzymes is 1.113.

Kohara/Isono Miniset Clones

The Koharw/lsono miniset is a widely used collection of
ordered E. coli bacteriophage lambda clones derived from
strain £, coli K-12 W3110 (10). Four hundred and seventy-
three of the original 476 miniset clones have been aligned to
EcoMapl0. Seven of the clones were split into two portions
labeled A and B because they crossed the 0-min point. the
IN(rrmD-rmE)1 inversion endpoints. or the sites of a duplica-
tion and translocation of the rde region specific to the Koharw,
Isono version of W3110, as previously described (4. 11, 14,17,
19. 21). Onc hundred and eighty-six of the clones are present
in GenBank/EMBL/DDBJ as individual sequence entries, and
these clones are precisely aligned to the genomic DNA se-
quence since their chromosomal DNA inserts have been sc-
quenced (1, 9, 13. 22). The remaining clones were positioned
by using the gel clectrophoresis-derived restriction enzyme
map of Kohara et al. (10) as previously described (14, 17).
These clones are referred to as “unsequenced” because there
are no individual GenBank/EMBL/DDBIJ records available for
them, even though many of them may in fact have already been
sequenced. When additional information about the remaining
clones becomes available, this information will be incorporated
into the EcoMap alignments. Most of the miniset clones are
Sau3A partial restriction fragments cloned into the BamHI site
of lambda EMBLA4, and no attempt was made to align the ends
of the unsequenced clones to specific Sau3A sites in the
genomic scquence. Twenty-four of the miniset clones depicted
in EcoMap10. are EcoRI partial fragments cloned into the
EcoRl site of lambda 2001, identified by clone names that
begin with the designations E1 to E25. Fourteen of these have
GenBank/EMBL/DDBJ entrics and have terminal EcoRI re-
striction sites in the database entries that are all aligned to
LcoR1 sites in the genomic DNA sequence. The alignments of
the 10 unsequenced EcoR1 clones were manually adjusted so
that their ends align to EcoR1 restriction sites in the genomic
sequence. The orientations depicted for the Kohara/lsono
clone inserts indicate that the tight arm of lambda is 10 the
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right of the insert’s restriction map as depicted in EcoMapl0
(positive orientation, rightward arrow) or to the left (ncgative
oricntation, leftward arrow).

Caution must be taken if EcoMap10 is used as the source of
a restriction map for the Kohara/Isono miniset clone since the
miniset was derived from W3110. In addition to the rarc oc-
currence of DNA scquence crrors and strain-specific DNA
scquence polymorphisms that might lead to minor restriction
map differences, there are major differences due to genome
rearrangements (noted above) and the W3110-specific IS cle-
ments (see below) (reviewed in reference 6). Solutions to this
problem include using the DNA scquence database entries for
the sequenced clone subset or using the original Kohara/lsono
W3110 restriction map (10) for the unsequenced subset of
clones. In cither case, the experimental verification of critical
restriction sites is recommended.

IS Elements and REP Clusters

IS and REP (also called PU) clements are repeated DNA
scquences and major extragenic features of the E. coli chro-
mosome (2. 6). The positions of the IS clements present in
MG 1655 arc determined by searching the complete genomic
MG 1655 DNA sequence with representative IS family member
sequences. The positions of the W3110-specific IS element
insertion points arc determined from the sequenced W3110
clones whenever possible or estimated from the physical map-
ping data as previously described (14). The orientations of the
IS clements indicate the direction of transcription of the trans-
posase gene. as previously described (4. 6). The 1S5 family
clement orientations were depicted incorrectly in EcoMap7
(4). and this error has been corrected in EcoMapl(. Threc
putative 1S-related sequences of unknown origin were identi-
fied and are temporarily designated 1SX (2793.3 kb). ISY
(2714.1 kb), and ISZ (1293.8 kb). The [S-encoded genes arc
not considered E. coli genes in EcoGene. and it is the full
length of the IS clement that is represented. not the coding
regions contained within them.

REP clements have been postulated to have a variety of
RNA- and DNA-related functions, but the stabilization of
mRNA is the only firmly established function (2). The posi-
tions of individual REP clements were determined by a variety
of pattern searches, as will be described elsewhere (16). This
approach identified nearly all previously reported REP ele-
ments (2) and was used to locate new REP elements. The few
REP elements identified earlier that were missed by this ap-
proach were annotated manually. Individual REP elements
occur in intergenic REP clusters, also called bacterial inter-
spersed mosaic elements (BIMEs) containing from 1 to 12
REP elements interspersed with other small conserved se-
quences (2, 8). Three hundred and fifty-five REP clusters
(BIMEs) containing a total of 697 individual REP elements

MicroBioL. Mot. BioL. REv.

were identified. Particular attention was given to the detection
of a class of REP-like putative bidirectional transcription ter-
minators refcrred to as PU* or Y* (2, 7). A total of 108
individual Y* elements are included in the REP tabulation
(16). Y* elements can also be found as subsequences of a
number of other REP elements, but these overlapping Y*
elements are not counted separately in the REP tabulation.
The serially numbered REP clusters (BIMEs) identified in the
MG1655 genome sequence are denoted R1 to R355 directly
under the restriction map portion of EcoMap10 along with the
minute position labels.

Genes and ORFs

A detailed description of the annotation of genes and func-
tionally uncharacterized ORFs in EcoGenel0 is presented in a
separate publication (16). The entire genome sequence anno-
tation of protein coding regions has been reviewed, and revi-
sions have been made to approximately 15% of them. The
most frequent revisions were the choice of an alternative trans-
lation start site, although sequences encoding small proteins
were added and deleted from the set of coding regions as well.
These two areas were acknowledged as difficult aspects of
protein coding region annotation (5), and the EcoGene anno-
tation should be thought of as one view of the E. coli K-12 .
genome. Producing a set of predicted protein sequences as
accurately as possible was the goal of the reannotation effort,
but experimental verification is the only way to establish the
coding regions definitively. Published experimental data was
used to establish gene intervals as much as possible. Anyone
wishing to communicate additional prepublication information
directly is encouraged to do so, especially if he or she has no
objection to the information being made publicly available in
the EcoGene and SWISS-PROT databases as a personal com-
munication. The E. coli genome sequence annotation refine-
ment has been a close collaboration with the curator of the
SWISS-PROT database, Amos Bairoch.

Partial or frameshifted ORFs and genes are marked in Fig.
1 (see the figure legend). In most cases, but not all, the pres-
ence of a frameshift or deletion is based on sequence analysis
alone and thus should be considered a prediction. It is not
known if any particular putative frameshift or deletion is the
result of a DNA sequencing error, a cloning artifact, an adap-
tation to the laboratory environment, natural evolutionary
pressure, or pseudogene formation. Errors introduced during
the reannotation process are also possible, and everyone is
encouraged to contact this author or SWISS-PROT if he or she
thinks an error has been made; we will take appropriate steps
to update our databases. These sequence-based frameshift pre-
dictions should assist in the experimental determination of the
source of the frameshifts.

The traditional and physical maps of edition 10 of the Esch-

FIG. 1. EcoMapl0, a DNA sequence-derived map depicting restriction sites, Kohara/Isono clones, genes, ORFs, 1S elements, and REP clusters of the E. coli K-12
chromosome. The derivation of this map from the complete genome sequence of E. coli K-12 strain MG1655 is briefly described in the text. The map depicts sites for
cight restriction enzymes (top line to bottom line: BamHI. Hindlll, EcoRl, EcoRV, Bgll, Kpnl, Pstl, and Pvull). Above the restriction map are position coordinates
in kilobases; immediately below the map are minute coordinates (in 0.1-min increments). Also immediately below the map are the designations R1 to R355 referring
to the 355 serially numbered REP clusters, placed at the genomic position of the base pair at their left ends. Some minute designations were omitted as they overlapped
with the REP scrial numbers, but the tick marks for these unlabeled 0.1-minute positions are present, and their values can be easily determined from the flanking minute
values. The first set of spanning lines below the map represent the genomic positions and clone insert orientations of the Kohara miniset clones. Those Kohara miniset
clone W3110 chromosomal DNA inserts that have been completely sequenced are additionally labeled with their GenBank/EMBL/DDBJ accession numbers, D90699
to D90892 (1, 9. 13, 22). The second sct of spanning lines, labeled with database accession numbers AE000111 10 AE000510, represent the locations of the
GenBank/EMBL/DDBJ complete-genome MG 1655 sequence entries of Blattner et al. (5). The third set of spanning lines depict the positions and orientations of the
genes, ORFs, and IS elements that constitute EcoGene10. An asterisk following a gene or ORF name indicates that a frameshift or in-frame stop codon that prevents
the EcoGene 10 representation of the coding region from being translated is present in the genome sequence. A prime indicates a partial EcoGene entry, i.e., a deletion
or IS element insertion is predicted to have disrupted the ancestral complete gene, ORF, or IS element. This figure was created by using the PrintMap Postscript
drawing program, which implements the Plasmid Description Language developed by Craig Werner (18).
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erichia coli K-12 linkage map are closely correlated. When
there is a choice of several synonyms to use as the primary gene
name. the physical map uses the same primary gene name as
the traditional map. The primary names of genes not yet in the
E. coli Genetic Stock Center (CGSC) database are considered
provisional primary gene names. When choosing names for
genes that are being functionally characterized for the first
lime, gene names already present in the databasc at the CGSC
or the EcoGene database should be avoided. Guidance on
naming and renaming genes is given in the paper containing
the traditional map (3).

For the cases in which no standard-format genc name was
assigned to a functionally uncharacterized genc or ORF, a
systematic ORF nomenclature, the “y™ naming system, was
used to generate a provisional name (4, 15, 20). The first three
letters of a y™ name are based on the map position of an ORF
at the time the name was assigned. Similar to the “z” naming
system for transposon insertions. vala to j]A to Z designates
ORFx in the 0- 10 10-min region of the chromosome. vbfa to
jIA to Z designates ORFs in the 11- to 20-min region. and so
on. The fourth letters (A to Z) can be assigned in any order
within the 1-min interval. If all 26 names in any 1-min interval
are oxhausted. a new second letter is assigned 1o generate
another 26 possibilities: additional ORFs after yaaZ would be
vkaA. ykaB. and so on: additional ORFs after ybaZ would be
viaAL vlaB. and so on. The “v" names are not reused if a v
ORF is given a new gene name or if an ORF becomes defunct.
c.g. i i frameshift correction fuses two adjacent ORFs. Map
locations provide a convenient and systematic method for
naming ORFs. and the “y™ names can guide one to an approx-
imate map position. However. to avoid unnccessary renaming
the “v" name of an ORF is not changed if a map revision
moves it into an adjacent minute inteival. The =y names are
now assigned to all the functionally uncharacterized. unnamed
ORFs in EcoGene10. Once a new function is established for an
E. coli gene. the provisional “y™ name should be abandoned
and a new gene name should be chosen.

Information concerning the availability of the EcoMapl0
and EcoGenel) clectronic datascts in various formats, includ-
ing the Colibri database management program (12), can be
obtained at http//cesspit. med.miami.cdu. Additional informa-
tion about the genes and ORFs in EcoGenel0 is contained in
SWISS-PROT records (http:/iwww.expasy.ch/sprot) that can
be accessed by using the names that are depicted on Eco-
Map1( and that are indexed in a master file (http://www.cxpasy
chuegi-bin/lists?ccoli.txr.
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General Outline

® Regulations

® Registration process
® Personnel

® Documentation
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" Security

" Biological safety

" Funding Opportunities
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Conducting Research With Category A
Bacterial Select Agents: :
Requirements and Opportunities

ASM Annual Meeting
May 23, 2004

Brief Outline

® Regulations

» Registration process
® Personnel

* Documentation

® Training

® Security

" Biological safety

* Funding opportunities

Antiterrorism and Effective Death Penalty
Act of 1996

® HHS required to:

» Generate list of biological agents that have the
potential to pose a severe threat to public health
and safety

= Establish procedures for the transfer of these
agents

™ Included training and facility requirements

* Led to 42 CFR 72.6
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42 CFR 72.6

* “The Select Agent Rule”
= Effective April 15, 1997
® Included
= List of Select Agents
= Facility registration
* EA-101 for SA transfers
* Inspection & agent disposal requirements
* Research and clinical exemptions




2001 Patriot Act

» “No restricted person shall ship, possess, or receive a
Select Agent”

» Includes definition of “restricted persons™

= Provides for penalties for unjustified possession of
Select agents (SA)

® Ledto:

= The Public Health Security and Bioterrorism Preparedness
and Response Act of 2002

= The Agricultural Bioterrorism Protection Act of 2002

Public Health Security and Bioterrorism
Preparedness and Response Act of 2002

= Changed the regulatory authority of HHS
regarding select agents
® Agricultural Bioterrorism Protection Act of
2002
» Granted regulatory authority to USDA for certain
agents/toxins that threaten animals and plants, or
animal and plant products
» Required cooperation between USDA and
HHS on “overlap agents”

Public Health Security and Bioterrorism
Preparedness and Response Act of 2002

" Signed June 12, 2002
= Major changes from previous legislation
* Requires registration for possession and use of select
agents, not just transfer
Security requirements, not just safety

Required background check (SRA) for entity and
individual

= Restricted persons cannot work with SA

required immediate one-time notification of possession

Public Health Security and Bioterrorism
Preparedness and Response Act of 2002

® Other changes
= Narrowed exemptions from regulations
= Specified additional criminal penalties
* Required notification of theft. loss, or release of
select agent
* Provided federal nondisclosure protection of
sensitive site-specific information

Notification of Possession

= All facilities possessing select agents and toxin had to
notify HHS by September 10, 2002, and/or USDA by
October 11, 2002.

* Notification was different than registration

= If you don’t already possess or use SA (and aren't
registered), but you would like to, you need to
complete the SA registration process first.

= If you possess SA now and aren’t registered, contact
CDC or USDA (after you call your lawyer)

Interim Final Rules, December 13, 2002

" 42 CFR 73
= DHHS
= “Possession, Use, and Transfer of Select agents
and Toxins; Interim Final Rule™
" 7CFR 331 +9 CFR 121
= USDA/APHIS
= “Agricultural Bioterrorism Protection and
Response Act of 2002; Possession, Use and

Transfer of Biological Agents and Toxins; Interim
Final Rule”

12
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Interim Final Rules-2002

®= Include detailed requirements for possession,

use, and transfer of select agents and toxins
® Requirements in both documents are similar
= Set dates to phase in new requirements

= Allowed labs already working with select agents to
continue without seriously impeding progress of
research

= Full compliance required by November 12, 2003

Interim Final Rules-2002

® In reality, the new requirements had a
significant impact on many labs already
working with select agents, especially:

= Increased security measures
= Increased reporting requirements
= Security risk assessments

Amendments to Interim Final Rules

Published November 3, 2003

Provided additional time to U.S. Attorney General to
complete security risk assessments for those who had
submitted all necessary info by November 12, 2003,
Allowed issuance of provisional registration
centificates for entities allowing access/use of select
agents

Assured that ongoing research was not disrupted
Does not allow provisional authorization for entities
or personnel starting the application process after
November 12, 2003.

Select Agent Registration

= Required for any entity that possesses, uses, or
will receive or transfer any select agent or
toxin to or from entities within the U.S. or
outside the U.S.

Covered Agents and Toxin

® DHHS/CDC human select agents and toxins
* May affect public health and safety

* APHIS High Consequence Livestock
Pathogens and Toxins
= Overlap--also are human pathogens
= Non-overlap--not pathogenic to humans

® Certain APHIS plant pathogens

Select Agent Registration

* DHHS/CDC

* HHS non-overlap select agents and toxins

* Overlap agents

* ~80% of entities currently registered with CDC
* USDA/APHIS

» Non-overlap high consequence livestock pathogens or
toxins :

= Overlap agents

= Listed plant pathogens

= ~20% of entities currently registered with APHIS
* Registration forms are the same for both
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Select Agent Registration-Overlap Agents

®» Registration for overlap agent can be with
CDC or APHIS
= Don’t register with both for use of overlap agent
= Your entity may already be registered

= ~85% of entities registered for overlap agents

» “Cooperation” between CDC and APHIS
mandated by legislation

Select Agent Registration

" An entity with both CDC-only and APHIS-
only agents must register with both agencies

20

Category A Select Agents

® Criteria
* Easily disseminated or transmitted from person to
person
= High mortality
= Potential for major public heaith impact
= Potential to cause public panic/social disruption

= Require special action for public health
preparedness

21

Category A Bacterial Select Agents

® Overlap agents (CDC or APHIS)
= Botulinum-neurotoxin-producing strains of Clostridia
* C. bowlinum + some strains of C. baratii, C. busyricum
* Botulinum neurotoxins
* Bacillus anthracis
* Francisella wlarensis

* DHHS human agent (CDC)

= Yersinia pestis

Examples of Regulated Genomic Material

* Nucleic acids (synthetic or naturally derived)
that encode for the functional form(s) of any of
the toxins listed if the nucleic acids:

= Are in vector or host chromosome, and/or
= Can be expressed in vivo or in vitro

= Listed viruses, bacteria, fungi, and toxins that
have been genetically modified

23

Genetic Elements, Recombinant Nucleic
Acids, and Recombinant Organisms

® Clarification in 42 CFR 73

® Prior approval from HHS required:

s Utilizing recombinant DNA to deliberately transfer
drug resistance traits to SA that are not known to
acquire the trait naturatly, if this could
subsequently compromise control of the agent

= Deliberate formation of recombinant DNA
containing genes for SA toxins highly lethal for
veriebrates

24




Exclusions & Exemptions

Select agents in their naturally occurring environment,
as long as they have not been intentionally introduced,
cultivated, collected, or otherwise extracted from
their natural source
= Example of exempt item
» ‘Potato naturally contaminated with spores of C. borulinum, which
are ubiquitous in soil
= Example of regulated items
= Potato samples packaged and incubated in a manner to encourage
growth or any existing C. botulinum spores
# Potato samples inoculated with C. botulinum spores as part of a
research project
® C. borulinum spores isolated from potato samples

25

Exclusions & Exemptions

* Non-viable (“non-replicating™) select agents
* Nonfunctional toxins

* Certain attenuated strains of select agents or
toxins
= If explicit exemption granted

* Exempt amounts of biological toxins

26

Examples of Exempt Amounts of Toxins

® 0.5 mg botulinum neurotoxins

® 5 mg staphylococcal enterotoxins
* 100 mg ricin or abrin

= 100 mg saxitoxin

® 100 mg shigatoxin

® 100 mg tetrodotoxin

27

Exempt Amounts of Toxins

= Select Agent registration is not required if the
total amount of a toxin under the control of a
Pl is below the specified amount

* Based on potency and quantity

Exempt Amounts of Toxins

= Highly recommend treating exempt amounts
of toxins with high level of security and
(obviously) biological safety requirements
= Exemption can allow for easier collaborations
= However, if providing exempt amounts of toxin to
another lab, good idea to verify training &

biological safety, protocols, etc. of the receiving
lab

B .
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Attenuated Strains Exempt from SA
Regulations

= Current lists available
= www.cde.gov/od/sap/exclusion
* www.aphis.usda.gov/vs/ncie/bta.htm
® Applications can be made in writing to CDC or
APHIS to include other strains
® Strains subject to regulations if there is any
reintroduction of factors associated with virulence, or
manipulations that modify the attenuation such that
virulence is restored or enhanced




Examples of Currently Exempt Attenuated
Strains

® Bacillis anthracis
* Devoid of both plasmids pX01 and pX02
» Devoid of plasmid pX02
» Francisella tularensis
* F. tularensis subspecies novicida
*® strain, Utah 112 (ATCC 15482)
* F. rularensis subspecies holartica
* LVS (live vaccine strain)
® Note: LVS requires VS-16-3 permit if used for off-label purpose

s F. tularensis ATCC 6223 (also known as B38)

Other exemptions

® Clinical or Diagnostic Laboratories
Exemption for diagnosis, verification, or proficiency
testing
After being identified, agent must be transferred to
registered facility or destroyed
Notification to feds required within 7 days of identification
* CDC form 0.1318
= APHIS form 2040
Positive controls and reference samples containing SA are
no longer exempt.

31 32
Other exemptions Select Agent Registration-General
= Exemption for products approved under * Difficultics and time involved in SA registration will
specific laws vary widely between labs/facilities
* Certain investigational products : I\::rsct sngmsfzzar:ittychaa:;g:c :rn'lilk i;t;?::ly involve |
h ti . .
* Must apply for exemption " SA registration process may be less painful for some I
= CDC form 0.1317 labs:
" AP}"”S form 20?2 ) * Training d 10n/SOP's up-to-dat
® Domestic or foreign public health or * Current full liance with biological safety requi
agricultural emergency * SA would be used by limited # personnel in limited areas
= Must apply for exemption « Existing modem secure BSL-3 high containment facility
pply P
* In entities that already have registered labs
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New Select Agent Registrations

* Bad news
* You can’t work with select agent until the entire
process is complete, including individual security
assessments
* Good news
* You won’t have to suffer through all of the
growing pains involved in implementation of the
new regulations during 2003
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Time Involved in SA Compliance

® Initial registration and training
*= Substantial amount of time
* 20-50% of P1 or lab manager for 2-6 months?
» ~20% RO/ARO
* Ongoing training, recordkeeping
* 10-30% FTE for each?
* ~20% RO/ARO




Time Involved in SA Compliance

= Will vary widely depending on:
= Facility design, etc.
= Number of areas
= Number of registered personnel
» Amount of agent

37

What is an “entity”

® Any government agency, university,
corporation, company, partnership, association,
firm, sole proprietorship, or other legal entity,
including an individual acting on his or her
own.

Responsibilities of the Entity

= Register the entity (and personnel) with CDC
or USDA/APHIS for each select agent or toxin
it possesses, uses, or transfers

* Designate a Responsible Official (RO)

= Notify CDC or APHIS of any changes in
registration

39
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Responsibilities of the Entity

* Make sure access to agents limited to approved
individuals
* Track individual security risk asscssments

* Prohibit access by “restricted persons” as
defined by Patriot Act

" Provide select agent training

= Regulate select agent transfers
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Responsibilities of the Entity

® Develop and implement emergency response plan.
* Conduct regular inspections

» Document

* Make sure deficiencies addressed
* Make sure accurate records are kept

* Approved individuals

* Training

* Access to agents

« Inspections

= Inventories

* Transfer documents

41

Responsible Official (RO)

® Delegated responsibility and authority to make sure
that all responsiblilities of the entity are met
= Ensure compliance with regulations
» Must also designate altemate RO (ARQ)
* Same qualifications as RO
* Acts on behalf of RO in his absence
= Optimally, RO:
* should have good working knowledge of biological safety
* Should not be individual working with SA
= Implementation of SA requirements will vary based
on approach of RO
42




Oversight of Compliance with Select Agent
Regulations

= Ultimately the RO
® Large academic institutions with multiple SA labs
* May have committee that includes RO & ARO
» UW-Madison Biosecurity Task Force
= RO, ARO

* Members of UW Police, UW Communications, Office of
Biological Safety, Division of Information Technology. Dean's

office
= Smaller entities
= RO may be owner, CEQ, department head, etc.
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Select Agent Registration

® Information/forms

= CDC Select Agent Program
® www.cdc.gov/od/sap
= 404-498-2255 (phone)
= 404-498-2265 (fax)
* Irsat@cdc.gov

= USDA/APHIS
= www.aphis.usda.gov.vs.ncie/bta/htmi
= 301-734-3277 (phone)
® 301-734-3652 (fax)

Entity Registration Forms

= “Application for Laboratory Registration for
Possession, Use, and Transfer of Select Agents or
High Consequence Livestock Pathogens and Toxins™
* CDC Form 0.1319
* APHIS form 2044
= Joint reporting system between CDC and APHIS
= Plans for secure web-based SA application in near
future
= Information in SA application not subject to Freedom
of Information Act

Qyerall Process of Entity Registration
For Previously Unregistered Entity

® Facility risk assessment
= Ensure that facility meets requirements to handle agent
* Biosafety and security
» Implement biosafety & security measures
= Submit SA Application form to CDC and/or APHIS
= Submit FD-961 for entity/RO/ARO to FBI
= Submit fingerprint packets for RO/ARO to FBI
* FD-961 & fingerprinting for PVindividuals
= After receiving unique identifying
®* CDC or APHIS inspection
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Facility Risk Assessment Entity Registration Form
= By RO before submitting initial SA registration = Section 1
« Detailed internal audit of each area = Entity information
* Ensure that facility meets requirements to handle : :m of RO, ARO
agent ® Section 2
® Include security risk assessment * Signatures of RO, ARO
= Institutional security » Section3
= Biosecurity consultants = Specific agents used, possessed, or transferred
» Correct deficiencies before registration ® Section 4A
* List of specific areas where each agent used
* BSL. general type of use
48
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Entity Registration Form

® Section 4B
= Information on personnel working with Select Agents
» Name, address, PI, rooms, agents, job title
® Section SA
* Source information for agents
= Include CV for PI
= Specific biosafety checklist for each registered area
® Section 5B
* Training & security information
® Section 5C

Entity Registration Form

= Section 5D

= Recombinant DNA info
® Sections SE & 5F

® Animal use
* Sections 5G

= Toxin information

= Quantity of infe agent + d
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What rooms in facility have to be registered What rooms have to be registered
® Any room where Select Agent is used or )
stored ® Not included, unless used for agent storage:
= Even if very minor or infrequent use » hallways
® May include: = departmental offices
= Labs = PI offices outside of labs
» Rooms containing equipment used for select agent
research or used to store SA
» freezers, incubators, centrifuges, microscopes, PCR, etc.
= Animal rooms
= Areas shared with other, non-registered labs
» Under very strict conditions
= Autoclave rooms? 51 52
Animal Facilities Animal Facilities
* Animal rooms or facilities used for research with = Registering animal caretakers
select agents must be registered « Yes. if ble fro imal
" If agent can be recovered from animals, then access es, If agent refovera e‘ m animals .
to animals must be limited to approved (i.e. select * e.g. B. anthracis, C. borulinum, F. tularensis
agent registered) personnel = May not be necessary--EAJ labs--caretakers
* If agent not recoverable after treatment, may not need treated as visitor until BoNT injections complete,
to consider animals themselves as “select agent” then they can have access to animals
= extremely difficult to recover purified botulinum toxin
from mice after injection
* May vary according to RO interpretation
53 54
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FBI Form for Entity/RO/ARO

» FD-961
= Bioterrorism Preparedness and Response Act FBI
Information Form
= Fill out for entity, RO, ARO
= Also any individual who owns or controls the
entity
= Same form will be used for individual & PI
registration
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FD-961-Entity/RO/ARO

® Section I
= All entitiés secking SA registration
" Section I
= Commercial, private, academic, and other entities
* Sections II and IV
= RO/ARO
®= RO/ARO fingerprint packets

= Submit to FBI along with FD-961 after CDC or
APHIS provides unique identifier number

Entity Registration

» SA Registration valid for 3 years
= Can be denied or revoked
= Training of RO not adequate

= RO/entity does not have lawful purpose to possess,
use, or transfer agents

= Repeated violations of biosafety, containment, or
security requirements

= Facility does not comply with provisions of the
regulations
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Héw long until I can work with Select
Agents?

® Initial facility risk assessment by RO
= Correction of presumed deficiencies
* Months?
= Collecting initial information
= Weeks/months
® Organizing documentation, writing SOP’s, etc
* Weeks/months

How long until I can work with Select
Agents?

" SA Application
= “allow at least 8 weeks for processing™
* Individual security risk assessments
= Hypothetically, usually complete in less than 45 days
» Realistically, could be up to 6 months (7)
® Permits to receive SA
= USDA or PPQ
® Overall
= Start to finish--maybe 6 months to a year

Amendment of Select Agent Registration

® Facility
» Change in floor plans
* i.c. moving equipment
* Adding/deleting rooms
® Personnel changes
= New hires/individuals leaving
= Changes in name, address, job title
= Agent .
= Addition/deletion of agent/toxin used at entity or facility
and/or by an individual
® Research
= Significant changes in protocols or objectives
60
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Amending Select Agent Registration

= Most amendments require prior notification in
writing from CDC or APHIS

* Includes:
= Significant changes in floor plan of registered
room, such as:
= Moving or adding large equipment (incubators,
freezers)
® Installing new eyewash station

Personnel in Select Agent facilities

= Two types:

* Authorized/Approved
® Provisional authorization of,
= Completed SA approval process

* Unauthorized
* Visitors
* Custodians; maintenance staff; repairmen
" Restricted persons
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Authorized/Approved Personnel v Provisional Authorization
® May handle and work with agents/toxins . gﬁginaige?gligaggr approval of personnel was
. . .. ovember 12,
» Supervision not required after training complete + Backlog in processing o individual security risk
= May have unescorted access to work and assessments by U.S. Attomney General (DOVFBI)
storage areas = Approval for individuals not completed by deadline
N . * November 3, 2003--amendments to Select Agent
% May be issued access control device(s) Regulations
® May serve as “escort” for unauthorized = 42CFR73
individuals . ;gg ﬁ:
® Are responsible for maintaining agent security
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Provisional Authorization

* Allowed issuance of provisional registration
certificates for entities allowing access/use of
select agents

® Assured that ongoing research was not
disrupted

* Applied to entities and personnel if registration
process already ongoing

* Only if SRA materials had alrcady been
successfully submitted by November 12, 2003

65

Provisional Authorization

Does not apply to entities or individuals starting the
application process now.

SA approval now requires approval from the
DHHS/USDA upon completion of DOJ Individual
Risk Assessment and FBI background checks

Regardless of how long this process takes, affected
individuals are “unauthorized”

They must be handled as “visitors™; labs must satisfy
all ‘visitor’ requirements

Exceptions may NOT be granted
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Provisional Authorization

» Thus, entities and individuals starting the
select agent registration process now must wait
until the full approval process is complete
before working with select agents
= Time variation between CDC and APHIS(?)

= Can have tremendous effect on new hires, rotating
graduate students, visiting professors, etc.
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Record of Access to Select Agents

= Entities must maintain records of:
= Each individual who has actvally accessed a select
agent or toxin
% Can be recorded on inventory record
= Each individual who has actually accessed any
area where select agents are used or stored
= Approved employee logs (manual or electronic)
* visitor logs

® Save records for at least 3 years

| ,

Authorized/Approved Personnel

® Need to record access to registered rooms
= electronic card access or biometric devices

® automatic
= Manual records
® Traditional key access
= Sign-in and sign-out sheets
= Need to ensure compliance

* Sign-in sheets should be in easily accessible location
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Adaing personnel to existing registration

= PIs are responsible for obtaining authorization
for personnel in their labs BEFORE granting
access

= Contact RO to see how they want to handle
this

= Transfer of individual SA registration between
registered facilities

= streamlined
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Departure of Personnel

® PI's must immediately notify the RO when
personnel depart lab, regardless of reason

* Amend entity registration
= Secure access devices

= If access codes are used, they MUST be changed
upon departure

al

Unauthorized personnel

» May NOT have access to agent/toxins
® access =
a “physical ability to lay your hands on a select agent or toxin™
= “the freedom or ability to obuin or make use of™
* No physical control of agent
= Cannot handle agent, even if supervised
® Must be escorted at all times by authorized personnel
when select agent accessible
» Even if a new hire that's been around for months

= If you (escort) has to leave the area to use the restroom,
they have to leave, too.




Unauthorized Personnel

» May NOT be issued access control device(s)
» Must register arrival and departure in Visitor
Log ’
= Every time, not just in once and out once for the
day

" Note: two different things

= Visitor log

= Manual log of access to registered areas by’

Unauthorized personnel

® Includes custodial and maintenance personnel

* Any custodial and maintenance service MAY
ONLY be provided during times when authorized
personnel are present.

® May result in minimal routine cleaning performed by
lab personnel
= Changing trash, sweeping the floor

= Use of higher quality materials in high

containment facilities may decrease need for

approved individuals maintenance
n
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Visitors Examples of Visitors
* Authorized/approved escort must: " New personnel before approval process complete
* Minimally *“train” visitors = Custodians
= Entry/exit requirements .
« Security precautions ® Repairmen
® Personal safety PPE s Office staff (unless registered)
« Make sure accurate info in Visitor Log . )
* Observe visitor directly at all times Delivery personnel
= Make sure visitors cannot access select agents * RO/ARO
® Visitor must: = Unless specifically registered for those areas
* Accept and understand training = Inspectors
* Follow instructions of escort * including CDC/APHIS select agent inspectors
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Visitors

® Should have legitimate need to be there
L EQ_[:
= Friends or roommates
= Family members
® (Probably) can be in room when someone else
is handling agent (assuming not biological
safety issue), but cannot handle it themselves.
» Some RO’s may interpret this differently
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Visitor Protocol

& Written visitor protocol
* May want to post on door or give to visitors to read before
entering
® Escort must provide information
* PPE, entry/exit requirements
* Hazards
* Specific risk groups
® e.g. pregnant, immunocompromised
* May need to have method to keep this information confidential
* Where can they set materials (e.g. tools for repairmen)

78
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Visitor log

= Should be in easily accessible location near
door in each registered area
= Need to record
» Date, person, time in & out, escort (authorized
personnel)
® May also want to record reason for visit
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“Restricted Persons”--Patriot Act

= May not be granted any access to covered agents

Definition of restricted person:

Indicted of a crime punishable by imprisonment exceeding | year
Convicted of a crime punishable by imprisonment exceeding | year
A fugitive from justice

An unlawful user of any controlled substance

An illegal alien

Adjudicated a menial defective or committed 10 8 mental institution
An alien from country determined o suppont terrorism (Ing, etc.)
Dishonorable discharge from the US military

2

Problems with Definition of Restricted
Person

" Vague
= Persons indicted of crime punishable by
imprisonment exceeding one year
= Even if not convicted
= Person convicted of crime punishable by
imprisonment exceeding one year
« Even if they didn’t serve a year in prison
» No exceptions for youthful indiscretions

= A relatively minor crime committed 40 years ago may not
allow you to ever work with select agents
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Problems with Definition of Restricted
Person

® “Unlawful user of any controlled substance™
= Vague, although according to FBI (verbal
communication), this doesn't apply to marijuana
use unless the person has used marijuana more
than 15 times during their lifetime
= Includes one-time use of any other controlled
substance

82

Problems with Definition of Restricted
Person

® (Legal) alien from country designated to
support terrorism.
= If you are legally a citizen of Iran, you are
ineligible to work with select agents, even if your
family moved to the U.S. when you were a baby.
= May need to ask citizenship of everyone
interviewing for a position in your lab

Problems with Definition of Restricted
Person

® Dishonorable discharge from U.S. military
= For any reason

= At lcast one person has been turned down for select
agent usage because they received a dishonorable
discharge due to sexual preference

* Deserters from Vietnam
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Problems with Definition of Restricted
Person

= “Adjudicated mentally defective..... “
» Definition of “mentally defective” ?

= “Committed to mental institution”
» Doesn’t have to be recent

= Someone briefly hospitalized once for clinical
depression?
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Security Risk Assessment

= Performed by FBI for Department of Justice
= CIJIS--Criminal Justice Information Services Division
* www.fbi.gov/hg/cjisd/cjis.htm
* Generally a database search
» More extensive for some individuals?
= Non-U.S. citizens
« Additional infc may be obtzined from State
Department, Interpol, Department of Justice, and
antiterrorism groups
= State Department has final word on approval
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Process of Obtaining a Security Risk
Assessment for Individual

RO/ARO should then provide individuals with
instructions on how to fill out FD-961 (sections 11
and IV) and get fingerprinted

= Need unique identifying number first
RO/ARO submits completed FD-961 to FBI
® Law enforcement submits fingerprint packages to FBI
= Address information in packet

= All materials for each individual should be in one package
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Individual Security Risk Assessment

» Required for:
= Individuals requiring access to select agents and
toxins
» Also RO and ARO of each entity
= “any individual who owns or controls the entity”
= “partner, owner, director, holder, or owner of 50 percent
or more of its voting stock and is in a managerial or
executive capacity with regard to select agent possessed,
used, or transferred by the entity™
® For ited academic instituti

« Refers to RQ, but not owner of private accredited academic
instirution

¥ Process of Obtaining a Security Risk
Assessment for Individual

® Described at FBI website
= www.fbi.gov/terrorinfo/bioterrorfd961.htm
* RO will add name to Table 4B on CDC or
APHIS Entity registration form
= CDC or APHIS will assign unique identifying
number to each individual and report number
to RO.
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Individual Security Risk Assessment

= Information needed for FD-961 (Section IIT}
» Full legal name
« Current resident address
Date of birth
SSN
= [f don’t have. may be able 1o use alternate (check with
CDC/USDA)
* Sex
Place of birth
= Race B
Citizenship/Alien Registration Number
* Useful to submit photocopy of INS documents
Registering entity
Unique identifying # (provided by RO)
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Individual Security Risk Assessment

= Any changes in personnel information at any
time must provided to RO
= Address, phone
= Name change upon marriage
= Job title
= Students must provide current local address,
which may not be their permanent (hometown)
address
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FD-961

» Certifications
» Basically questions that cover criteria for designation as
restricted person
* Should be answered truthfully, even though some
information may not be verifiable
® Drug use
= If you need to check “yes” on any of the questions, don't
bother submitting
* Form must be signed (two places) by person seeking
SA authorization
= Bioterrorism Help Line
* 304-625-49500
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Fingerprinting

= RO should make arrangements for fingerprinting with
local law enforcement agency
* Agency will probably charge a fee for this service
= Fingerprint card packets can be obtained by
requesting (by fax) from FBI at:
» 304-625-3984
= Request must contain name of entity & RO, mailing

address & phone number, and number of fingerprint card
packets requested

Fingerprinting

* Two Jegible fingerprint cards must be prepared for
each individual
= If not legible, FBI will request that they be re-done, which
will delay SRA
= Have law enforcement agency double-check that the prints
on both cards are legible before sending them out
® Law enforcement agencies forward directly to FBI
= Entities may want to provide express mail labels to
expedite process
® Instructions for submission of fingerprints
= www.fbi.gov/hq/cjisd/cjis/htm
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Potential Problems with Security Risk
Assessment

® Frequent causes of delayed SRA’s

. or

* Illegible fingerprint cards
* Loss of information/forms by government agencies
* Expect that this may happen and keep copies of everything
* Sending FD-961 and fingerprint cards to FBI scparately for
each individual .
" PI’s may want to check with RO before starting SRA
process if they or someone in their lab is concerned
with passing SRA
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Results of SRA

= Sent from CJIS to CDC/APHIS
= CDC or APHIS reports results to entity 7
= Designation as “restricted personnel” can be appealed
if an error has potentially been made during
individual security risk assessment
= Designation may be overturned (rare)
» If an error has not been made, you may be out of luck
= SRA for individual valid for 5 years
= Can be revoked R
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Hiring New Personnel for SA Lab

® Include in job description (?)

= “Must be able to comply with select agent regulations and
pass Department of Justice security risk assessment for use
of select agents”
* May be better to include in initial assessment/interview
= During waiting period before SRA completed
» New hires must be treated as visitors
® Signin
* Supervision at ail times by authorized personnel in registered areas
= Cannot handle any SA, but may be able to be in same room

while someone else working with SA under certain
conditions

Hiring New Personnel for SA Lab

» May need to write new grants assuming that new
hires can’t work directly with SA for first 3-6 months

* Undergraduate student workers can be registered for
use with Select Agents

= Recommend hiring students that can take regulations
seriously
= Contact references and discuss this spesifically
= Potential new personnel must be informed of SA
regulations and biological safety hazards from SA at
some point before hiring
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Personnel Management

= SA research can be stressful
= Potential for lost or stolen agent
» Unannounced inspections
= Increased security requirements
= Fingerprinting/background checks

Personnel management

* Morale in the lab is important
= can indirectly affect biosafety & security
compliance
= Try to keep sense of humor about regulations
= Listen to personnel
= Complaints
= Suggestions for improving safety/security
= Positive reinforcement
» If they are doing a good job, tell them!
= Ensure frequent social interactions with others

101

100
Personnel Management Q 5
2,
® Train them well and treat them well
» Replacing registered personnel costly
= Re-training
= Delay before replacement can work with select
agents
102
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Repeated noncompliance of SA regulations
by personnel

= SA personnel must take regulations seriously
= Even undergraduate students
« Everyone must be made aware of the potentially serious
c q of pli with reg’s
s SA regulations + biological safety requirements
» Keep records
» Document even minor infractions
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Repeated noncompliance by personnel

® RO can revoke authorization if personnel are
unable to comply with SA regulations

= Noncompliance with SA regulations can

threaten everyone’s select agent registration

= Your lab

= Entire entity

If they are repeatedly cutting corners with

safety/security compliance requirements, are

they conducting sloppy research as well?
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Potential Penalties

= Violation of Public Health Security and Bioterrorism
Preparedness Response Act of 2002
* Criminal
= Upto S years in prison, or a fine, or both for:
*® Transfer of SA 10 unregistered person
® Possession of SA by unregistered person
® Knowingly making a false statement
= Civil
* < $250,000 per individual per violation
* < $500,000 per organization per violation
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Cooperation with other labs

Your SA registration and SA requirements may have
significant effect on other labs

* Shared rooms/equipment

= Give general info to other PI's & lab managers
Be polite & appreciative

= “Thank you for helping us out on this”
Do not take hostile attitude

» “you have to do this whether you like it or not™
If you are appreciative and acknowledge their
cooperation, they will be more likely to comply (i.c.
locking doors to shared rooms, signing in as visitors).
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Cooperation with other personnel

The select agent regulations may add
tremendously to your workload.

However, recognize that the regulations also add
to the workloads of the RO/ARO, your office
staff, and potentially others within your
institution.
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Recordkeeping

* Keep organized and complete records of
everything associated with SA

® Document EVERYTHING!!!!.
» If it isn’t documented, it hasn’t happened.

® Takes a significant amount of time

®» Varies according to entity, PI, lab situation, #
personnel, type of research, etc.
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Documentation
® Training
» Initial (interview questions + initial training checklist)
* Ongoing
* Security
* SA-specific

biological safety
® Certifications
« Varies with institation
= Animal use, biological, SA-specific training by RO, other training
courses (BSC usage, ¢.8.)
= Shipping SA

Documentation (cont’d)

* Incidents
= Current personnel records
» Addresses
» E-mail
* Title changes
® Visitor logs
® Access records for approved personnel
® Inventory
® Current amounts & locations of SA
* Usage
* SA access control
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Documentation (cont’d)

® Health records

* fmmunizations

= Ab titres
= SOP’s/policies

« Demonstrate that personnel are familiar with all that apply
= Autoclave records

» Adequacy of autoclave function should be documented regularly

(monthly. bimonthly)
= B. stearothermophilus vials—commercially available

 Overall log of autoclave usage?
= Efficacy testing of disinfection/d ination method.
# Cybersecurity Plan

m

Documentation (cont’d)

® Equipment certifications
= BSC certification
= Emergency equipment testing
® Eyewash testing
® Emergency showers

® SA acquisition and transfers
® Animal protocols & records
* Inspection records
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Documentation

= Must be available to RO and CDC/APHIS
inspectors

" PI should be familiar with locations & contents
of all relevant documents

* Recommend keeping training documentation
& other documentation in central location

= Protocols/SOPs should be readily accessible in all
areas where agent or toxin used or stored

113

Keep all records
organized!
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Written Policies and SOP’s

» Recommend extensive and thorough written
policies for almost everything .

* Modify as necessary
= Must re-train & document re-training
» Consider worst-case scenarios
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Policies/SOP’s

Inventory control & reconciliation procedure
Incident policy

Accident policy (handling & reporting injuries)
Visitor policy

Animal use policy

Destruction of agent

Sanitation/Disinfection of lab areas

BSL-2 & BSL-3 procedures

BSC usage

Handling of Sharps
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Incident policy

& “Catch-all” for lots of little things
* Reporting Select Agent incidents
= Theft, loss, release of agent
* Suspicious personnel
= At what point do police need to be called
= What if you call the police on someone delivering pizza
® Loss of access devices
*® Injuries
= Even if SA not involved
* Handling inquiries from the press

17

Examples of Reportable Incidents

® Keys lost at party by undergraduate student

* Needle-stick when injecting a mouse with
botulinum toxin

* Unknown person discovered alone in
registered area

* Spill of agent in hallway leading to autoclave
room
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Training of SA Personnel

® SA regulations in general
= RO/ARO may have specific requirements
* Biological safety
* Spills
= Specific risks and handling issues for your agent(s)
= General BSL-2, BSL-3 practices
= All lab policies/SOP’s
* Physical security
= Cybersecurity

19

Training of SA Personnel

" Maintaining records

* Inventory control

® Animal usage with Select agents
® Visitor policies
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Information Readily Available to Personnel

* Examples
= Lab protocols/SOP’s
= Spills, visitor policies, incident policies, etc.
= Relevant sections of BMBL
» MSDS for specific agents
® Health Canada-www.hc-s¢.gc.ca
» Good idea to keep in readily available location in
each registered area
» Copies for each individual

If training hasn’t been documented, it
hasn’t happened!
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How to Document Personnel Training How to document training
= Keep detailed records of lab meetings » Individual “-aining_
. Who attended (signatures) = Specifics of what was included
= Agenda~what was discussed *® Qutline form acceptable
= Excellent method—recommend frequent lab meetings ® Interview questions
= Supervisor or PI may have 10 individually train persons not in ® Initial training of new hires
anendance . .
* Document this individual training = Who was trained (signature)
® Post memos & have people sign & date = Date
= Good for short memos only that people will actually read . L0
* Not good for Jong policies, etc. - W'ho d“% training? .
* People may sign without reading ® Certifications from all training courses
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Training of Non-Lab and/or Non-SA
Personnel

* Emergency Personnel
= Fire, police, EMS
= Layout of areas, risks from agent

= Don’t want EMS to hesitate accessing areas
because of fear, yet they need to have enough info
and training to safely enter and exit areas

= Be pro-active--contact them before agent is present
if at all possible

= Conduct periodic drils?
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Training of Non-Lab and/or Non-SA
Personnel

® Personnel in other labs
= Safety issues
» Access
® Why can’t they come in your Jab anymore?
= Why do shared areas need to be locked, even if agent not present?
* Office staff
= Handling inquiries from press
™ Security staff
* On-site maintenance and custodial staff
* Reduce fears through education

126
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Media Coverage of SA Research

= Trade-off between security and promotion of
research

* Potential problems
= Security issues
® May identify agent and general location (building)
* This info probably readily available through Intemet
search

= Public perception regarding bioterrorist agents
* Education can help
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Handling Inquiries from Press

" Relatively easy to determine if SA research is
conducted in academic institution
® What if a reporter calls the lab and asks about your
research?
* Open records requests
* One academic institution has been asked for their select
agent registration information by the student newspaper
* SA registration not subject to Freedom of Information Act
® Plan in advance how you will handle inquiries from
the press or other interested parties
= Lab personnel
® Receptionist 128

Select Agent Inventory Records

= Accurate, up-to-date written inventory must be
maintained for all select agents and toxins
® Format may vary widely due to number of
items, frequency of usage, etc.
* RO may have recommended or required format
= Must allow for changes
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¥ Select Agent Inventory Records

* Handwritten or electronic format
= If small inventory, may be able to easily keep
handwritten inventory in a lab notebook
= Electronic format may be more adaptable if large
numbers of items

» Entries should be made in indelible ink (blue or
black)

Select Agent Inventory Records

® Should include:
* Number of items
= Strains or producing organisms (for toxins)
» Date obtained or produced (& by whom)
» CFU/g or MLDyy/g
* Volumes
* Where stored
~ Any other descriptive data
= Type of container (cryovial, eppendorf tube, eic.)
~ Usage/destruction information
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Select Agent Inventory Records

* Some information may not be available

= e.g. exact CFU/g for each stock culture, original source
data for old strains

= May be acceptable to estimate
* Records should indicate that it is an estimate
* Inventory records must be made available upon
request to RO/ARO and CDC or APHIS inspectors
* Optimally, copy of inventory record should be kept in
all select agent storage locations
= May not always be possible
* Records should be maintained for at least 3 years
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Records of Permanent vs. Transient Inventory

® Jtems in long-term storage
= Must be listed on inventory record
= Stock cultures, toxins

= Always included in master select agent inventory
records
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Records of Permanent vs. Transient Inventory

® transient”, “experimental”, “working” cultures
= Examples
= Food samples i lated with C. botulil spores
= Multiple cultures generated for short-term use

» Highly recommend keeping accurate records

* May be able to keep records of these items separate
from long-term inventory items

*® Determined by RO
® Detailed records in individual lab notebooks acceptable?
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Tracking Inventory Changes

= Must keep detailed records of usage
* Who (signatures of user and witness)
* What (what items, how much)
* When
= Why (i.e. project--brief phrase may be adequate)
* Amount remaining
= Details of destruction if applicable
* Entries should be made in indelible ink
* Preferably blue or black ink
= Optimal format for tracking changes will vary widely
between labs
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Tracking Inventory Changes

® Changes in Select Agent inventory must be

documented when they happen!
= Should be witnessed by second approved person
* Witness should sign and date
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Tracking Inventory Changes

* Destruction of agents must be documented
= May require prior approval from CDC/APHIS
® Vague wording on regulations
* Long-term items
= Strains or toxins
® Not required to gain prior approval before destruction of
every transient sample
= Autoclaving/Inactivation
® Detailed records when SA autoclaved
* Time/temp, type of cycle, which autoclave
* May be casier to keep log of all autoclave usage
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Security of Select Agent Inventory Record

* Record of items in your select agent inventory record
is a high-risk document
= Describes what specfic agents you have and where they are
located

= Handle with same security as agent itself, except that
inspectors can handle

= Electronic (computer) inventory record

= Versatile, easy to change, but security risk if hard-drive
accessed
= One method--keep on dedicated laptop never connected to
server
® Easy to Jock up laptop + storage devices
= Must write and implement cybersecurity plan 138
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Security of Select Agent Inventory Record

® Backup records
= Written--make copies frequently (monthly?)
= Electronic--disks, flash drives (must be secured)
= Backup record should be stored in secondary
secure location
= If agent & all versions of inventory stolen, how will you
know what is missing?
*® Fire can destroy records even if agent not destroyed
L4 Ong method

= securely fax copy of inventory record 1o RO monthly after
reconciliation with physical inventory

Written Inventory of Select Agents

® Reconciliation with physical inventory
= Checking that all items on select agent inventory
are present.
= Have written SOP or policy for reconciliation
procedure
= Frequency
* RO will determine
= Weekly, Monthly?
® When personnel with SA access leave the lab for other
employment
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Written Inventory of Select Agents Written Inventory of Select Agents
* Reconciliation with physical inventory * Reconciliation with physical inventory
= Difficulties * By Pl or designated individual(s)
® Freeze/thaw of frozen stocks ) éin“;ﬁiiz’.?ﬁii"ﬁ:i::“;&?;“’?; make sure altemate
" Delays due to unclear labeling * Recommend second person h:lps,agl least on regular basis
* Ice on frozen stock may make it difficult 1o check labels + Record signature/date of n(s) reconcilin

* Significant time involved © 8 perso ing

= SI6ppy recordkeeping by personnel
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Written Inventory of Select Agents

® Reconciliation with physical inventory
» Easier if:
* Consistent packaging & labeling of both individual
items and containers

# Clear descriptions of items on written inventory record

* Tamper-evident packaging used whenever possible
= Infrequently used items
* May be as simple as racks/baxes heat-sealed in plastic bag

with signature across seal

* Other forms of tamper-evid
available
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Suspected Loss or Theft of Select Agent

* Must have written SOP or policy for handling
missing or potentially missing items
* Serious reportable incident if something really missing
* Due to human nature, people may forget to write down that
they used some or all of an item
® Make sure personnel well aware of serious consequences if SA
potentially Jost or stolen
* Depending on situation, before calling RO/police/FBI, may
want to check first (immediately) with all lab personnel to
make sure item is actually missing
* Double check & triple-check that item hasn't fallen out of container

144

195




Loss or Theft of Select Agent

= Upon discovery of theft, loss (or unintentional release)
of SA
Immediately notify RO and/or police
® Need to have 24/7 method of contacting RO or ARO
RO should contact CDC or APHIS immediately
* Phone, fax, or e-mail
RO may need to notify police, DOJ (through FBI), state
veterinarian, state health department, etc.
Within 7 calendar days, written report filed by RO to CDC
or APHIS
= CDC Form 0.1316, APHIS form 2043
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Shipment of Select Agents

= Within U.S., you can only ship Select Agents to
another registered lab
= Keep accurate records in central location
= Complicated process using EA101 forms
= Requires prior approval from CDC or APHIS before
shipment
= Plan ahead

® Cannot leave packaged SA with unregistered office
staff until FedEx arrives

® Packaging requirements detailed in 49CFR192.800
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Process of Transferring Select Agents

= EA-101
= Recipient’s RO fills out sections 1 and 2, sends to sender’s
RO
» Sender’s RO fills out secion 3 and faxes to CDC or APHIS
» CDC or APHIS will verify informaiton and fax form back
to sender with approval confirmation number

» Within 2 days of receipt of agent, recipient’s RO fills out
section 4 and sends to both sender’s RO and CDC or

Shipment of Select Agents

® May be training courses available for some
institutions

* Info on CDC/APHIS websites

® Exporting to other countries
= Requirements will vary widely
» Contact CDC/APHIS, U.S. Customs, and import

* Handing to personnel from another lab at your entity

= EA101 not required for intrafacility transfer, assuming both
labs registered for that agent

= Appropriate secure packaging required
* Burden on shipper to make sure legal transfer
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APHIS agency in receiving country for guidance
* Tmport requirements
147 148
Methods of transferring SA Acquiring/Transferring Agents

= Use commercial carrier that can maintain security = Approvals involved

= FedEx = EA101

* Others? X . » VS 16.3 for APHIS High Consequence Livestock
® Closely track shipments and save shipping Pathogens

documentation

= PPQ Form 526 needed for relevant APHIS Plant Pathogens

= Valid import permit needed to obtain agent from overseas
® U.S. Customs R
= 42 CFR 71.54, Importation of etiologic agents, hosts, and vectors
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VS 16.3

= USDA/APHIS
» Application to Import or Transport Controlled Material or
Organisms or Vectors
= Applies to APHIS High Consequence Livestock
Pathogens
= Required to receive these strains, including:
= C. borulinum
* B. anthracis
® F. tularansis
= Not required to ship these strains
= Does not apply to botulinum neurotoxin
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VS 16.3

» Form
= Phone (APHIS)
* 301-734-3277

= www.aphis.usda.gov/libr
ary/forms

* Fees
» Application ($94)
* Renewal ($61)
= Amendment ($47)
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V8163

» Required for overlap agents, even if your SA
registration is with CDC

" May take months to receive permit
* Will probably require APHIS inspection

» Results of general SA inspection may suffice if you are
registered with APHIS

\/' Permit valid for one year; can be renewed

= May be able to use non-specific wording on
application that will allow receipt of different
shipments from different sources during that year.
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Biodefense and Emerging Infections
Research Resources Repository

“BEI Resources™

Source of Select Agents & information
Established by NIAID in September 2003
Intended to be “Federal government's national

resource and clearinghouse for specimens, reagents,
and information on these organisms™

Coordinated effort between NIAID, CDC, USDA,
ATCC

= www.beiresources.org

Biosecurity Plan

= Required of each entity registering for SA use
= Create & implement before submitting registration
* Required to submit plan to CDC or APHIS
= Policies and procedures ensuring the security
of areas containing select agents and toxins
® A single biosecurity plan may cover all
facilities (labs) at that entity
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Biosecurity Plan

® Includes
* Inventory control procedures
* Minimum education/experience for lab personnel
* Provisions for cleaning, maintenance, repair
= Provisions for personnel security training
* Provisions for physical security
» Provisions for loss of access devices
= Package inspection
= Protocol for intra-entity transfers




Select Agent Security--Why?

® Obvious
» Theft of agent
=B many agents
amount could be problem
" Less obvious
= Theft or intentional release of agent
* Halt or significantly disrupt ongoing research
= Public relations nightmare’

theft of very small

What needs to be protected?

= Agents
* Information
» Written inventory
» Security codes
« Building blueprints
*® Blueprints and detailed floor plans for new buildings
* Often available on-line

= Keys or other access devices

o it s Facili
= Shutting down electrical, HVAC, etc. . Ai::an dling, steam, clectrical
= Halting research * Personnel ' '
157 158
Select Agent Security Select Agent Security
» May be limited by financial resources, * Should concentrate on agent and work outwards
especially in academic setting - Qf‘“‘ o
. » Storage device
= Should be “risk-based” - Anteroom door
» Aims: * Exterior lab door
» Significantly delaying bad guy : E:::::buil ding door
= Making theft of agent readily apparent « Other
= [ilicit use or theft of SA by authorized person * Fencing, guards. ctc.
* Almost impossible to prevent
159 160

BMBL, Appendix F

= Laboratory Security and Emergency Response
for Microbiological and Biomedical
Laboratories

= Updated December 2002
» Useful for labs working with select agents

161
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Select Agent Security

® Limit access to building or corridor containing
registered labs
* In addition, need at least two other barriers to agent
access
* Methods will vary for each situation
* Two secure doors?
* Secure door + ly locked fr fincubator?
* Physical security very important, but integrity,
responsibility and training of personnel are vital to
overall security
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Select Agent Security

= Working with Select Agents will have significant
effect on how you conduct research in your lab
« Must find balance between securing agent and allowing
relatively unimpeded research.
= “Security should not impede the operation”
= Goal is minimal disruption of vital research
= May seem frustrating :
= Significant effort to protect against something that can
often be found in the environment
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Select Agent Security Physical Security
» Must account for human behavior = Building, rooms, agents
* I security too difficult, compliance will drop = Written inventory
» ¢.g “bootleg™ stashes of working SA stocks in labs
* Hard to break old habits ® Security assessment
» The best door locks are useless if the door is propped open = Institutional SCCurity pcrsonnc]
» The long supervision required for new hires may be » Outside consultants
frustrating for everyone . .
® May be expensive to implement
® Should be risk-based
= Stocks, purified toxins highest risk
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Laboratory Security

® Security awareness training recommended
= Private consultants
= Institutional security personnel
= Before personnel leave a registered area, they
have to double-check that agent is secured if
no one else is present
* End-of-the-day checks
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Building/Lab Security

= May be necessary to question visitors in non-
registered areas under certain circumstances
» “Can I help you find someone?”
= Use of ID tags

= Contingency plan if people locked out of lab
after hours (if access devices locked in lab)




Security vs. Safety

» Trade-off’s
= Access 24/7 by unregistered police, fire, EMS
= Bjohazard signs on doors identifying agent
 Biological safety vs. security

® Two-door systems
= Signage on inner door, not visible from outside?
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Security vs. Safety

= Same jssues--biological
R  BOWARFARE

SETT AGENTS STORED safety vs. security
. WERE . = Coded labels on stocks

By =

® Biohazard signs on units
within lab
* Incubators, freezers

* Hard for outsider 10
identify SA items
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Security Risk Assessment

» Walk around your facility/labs
= If you were a bioterrorist, how could you access agent?
= Recommendations from police, institutional security,
consultants
® Very important to listen to feedback from all
laboratory personnel
® Risk based
= Likelihood of an event vs. the consequences from that
event
* Where are you most vulnerable
= “A chain is only as strong as its weakest link”™

Security Tests

= Recommend periodically testing security
= Agent locked?
= Doors locked?
= How easy is it for a visitor to talk their way into
the lab?
= Should not be punitive, but should be used as a
learning experience
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Autoclave Security Door Security
= If autoclave room located outside of registered lab(s), ® Access control devices
materials containing select agent cannot be left * Hinge pi vable?
unattended if autoclaves not immediately available £€ pins removable ”
® Risk if unauthorized person aborts autoclave cycle * Breakable/removable windows?
and removes items?
= Heat-tolerant spores may still be viable
* Should you “babysit” autoclave during entire cycle?
173 174
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Other Security Measures

= ID tags
" Guards
® Remote cameras

= Alarms
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Inspection of Packages

® Regulations vague

= “require the inspection of all packages upon entry
and exit from area”

= May be easy for some facilities
® Clarification (CDC website)

= Minimum--method of inspecting unexpected or
suspicious packages in or out of laboratory or
facility
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Access control devices

* Keys
* Loss of keys can be major headache
* May be only option, especially if cost an issue
® Electronic card systems
= Easy to track personnel access to registered areas
* Easy to re-program
* Expensive
= Biometric devices
® Retinal scanning devices
« Fingerprint recognition devices
* Won't work in areas where glove use mandatory
* Extremely expensive
180
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Access control devices

* Who gives out keys or programs access control
devices? -
* That person may need to be registered
* Emergency personnel
= Must make some provision to allow 24/7 access to select

agent areas
* Implementation will vary widely Y s
v “universal key™ = fire ax @ el é
= Optimally, should be in contact with police, EMS, fire
before registering
® Describe agent, layout of rooms, determine access
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Access control devices

» Keep accurate, up-to-date records of registered
personnel with access control devices
= Who
* Which areas
® Make sure turned in when employees/students leave
for other employment
» Keys to secondary storage devices for SA must be
secured
= j.e. keys to locked incubators, freezers
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Loss of Access Control Devices

*® Due to human nature, it is likely that this will happen
eventually

* Try to prevent

= Make sure personnel know what will happen if they lose
their keys or key cards

® Reportable incident--emergency!

* Have policy in place and verify that personnel know
how to handle this

Loss of Access Control Devices

= Agent must be secured immediately
= Notify police/security, PI, lab supervisors

» Registered personnel & police/security may need
to babysit agent until locks or key codes changed

* Depending on circumstances & length of time
missing, it may be necessary to conduct
inventory of agents to verify nothing missing

= Change access control devices

= Easier with electronic access

185
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Personal Safety

® Training,
® Incidents
= Suspicious persons
* Never compromise personal safety to confront someone

= Sharing SA information




Cybersecurity Plan

* E-mailing sensitive documents
= What is a sensitive document?

= Inventory record --most sensitive document

= Firewalls, encryption, other security measures

= Assume hard drive can be accessed?

® Change passwords often

® Complex issue
= Work with local IT experts

CDC/APHIS Inspections

® Announced and unannounced
« Written notification of
® Reason
® Verify information in entity registration
» Ensure compliance with biosafety & security requirements
* Review records
® CDC or APHIS will:
» document findings of inspections
= Require that deficiencies be remedied
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CDC/APHIS Inspections CDC/APHIS Inspections

= Should include: ® Should include:

= Standard operating procedures = Physical laboratory

» Access control = Accuracy of registration

= Visitor logs ® Floor plans

= Inventory records * Registered personnel

= Emergency response plans = Agents used in cach area

= PPE, spill kits, eyewash stations * Building HVAC, electrical
= Anything and everything
189 190

Inspection Recommendations

® Perform an internal audit before inspection
» Review records
= Organize documentation
= Detailed visual check of all registered areas
# Include all personnel

® Perform routine internal audits
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Inspection Recommendations

*® An inspection is usually not the time to argue policy
or regulations

* Let RO deal with these issues later
* Cooperate
Be truthful, but don’t volunteer information if not
asked
* Make sure all documentation available
= APHIS inspectors
* veterinarians
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USDA Checklists

s Different biosafety levels for labs & animal
facilities

= Personal security

® Physical security

s Cybersecurity

= Inventory security

® Incident response
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USDA Checklists

" May be hard for academic institutions and
some other facilities to comply with all items
» Traditionally open community at public

universities
» Age of facilities o
= Difficulties with security issues ;
*® Public access to many areas

= Significant costs

CDC/APHIS Inspections

= Treat inspectors like visitors
= Check ID’s
* PPE & other entry requirements
« Explain visitor policy
» Sign them in
* Supervise at all times
= Inspectors cannot handle SA
® They are not listed on your SA registration
® Same may be true of RO and ARO
written SA in

p can

Y records
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Unannounced APHIS Inspections

= 7 CFR 331.15

* APHIS inspectors must “be allowed, without
previous notification, to enter and inspect the
entire premises, all materials and equipment, and
all records required to be maintained by the
regulations”™

Unannounced CDC Inspections

= 42 CFR 73.16

= “The HHS Secretary, without prior notification
and with or without cause, shall be allowed to
inspect any site at which activities regulated by
this part are conducted and shall be allowed to
inspect and copy any records relating to the
activities covered by this part”
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Unannounced CDC/APHIS Inspections

* RO may want to be present
* Find out in advance how RO wants to handle these
® May need to temporarily deny access until RO/ARO
present and identify of inspector verified
= Be polite & explain what is going on
= Check identification .
= Make sure lab personnel know how to handle
unannounced inspection
* Assume it will happen
® If fully compliant at all times, should act be problem
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Inspections by RO/ARO

= Required at least annually
= May be more frequent
= Both announced and unannounced
= Results must be documented
= Deficiences must be corrected

= You may not agree with RO's interpretation of
requirements
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Inspections

® Unannounced inspections by both your RO
and CDC or APHIS will occur!
= If you are fully compliant at all times, and your
records are kept up-to-date, they shouldn’t be a
problem.

After CDC/APHIS Inspections

= Ask for exit interview (informal) so you can
start correcting potential deficiencies.
= RO will receive report with timeline for
correcting deficiencies
* May take significant length of time to receive
report
® Review results with all personnel
= Retraining if changes in lab SOP’s/policies
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Potential Negative Indirect Effects of
Select Agents Regulations

» Reducing or restricting collaborations
= Berween or within institutions
» Difficulties transferring personal SA registration
* Effect on rotating sabbaticals, visiting scientists
® Visa problems or delays
* new hires, students, or visiting scientists
® Loss of documents or processing errors by USDA or
CDC can delay or prevent SRA's
= Effect on lab planning and design
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Potential Negative Indirect Effects of
Select Agents Regulations

® Potential graduate students
= Short-term rotations
» Increased biosecurity may delay useful clinical
information
# Talented scientists scared away from research on
select agents
® Fear inability to pass SRA
= Unable or unwilling to try to meet other requirements
* Destruction of stock cultures by labs unwilling to
register for SA use
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Relevant Articles in Science

= R. T. Mulcahy
= “An Uncertain Partnership”
= 302:949, November 7, 2003
® J. Gaudioso and R.M. Salemo
» “Biosecurity and Research: Minimizing Adverse
Impact”
= 304:687, April 30, 2004
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Publication or Dissemination of Sensitive
Data

= “dual use dilemma”
= Same information used for good or bad purposes
= Concept--"sensitive but unclassified”
» Addressed in NAS draft document--2003
® “Risk that the research results, knowledge, or
techniques could facilitate the creation of “novel”
pathogens with unique properties or create entirely new
classes of threat agents” .
* Challenge to scientific community to develop system
Mows impeded fund i h, while
idemify?ng research with great potential for misuse

Dual Use Dilemma

= Limiting dissemination of research results to
protect against use by bioterrorists could
restrict communication between scientists

* What should be restricted?

» Theoretically, results of almost any biological
research could be used for both good and bad

purposes.
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Proposed Review Board

®* NSAAB
= National Science Advisory Board for Biosecurity
* Proposed review board to improve biosecurity measures
related to “dual use” research
» Managed by NIH
* Wide variety of members, including bioethics, law
enforcement, vet medicine
® Voluntary (?) guidelines

" www.biosecurityboard:gov

Publication or Dissemination of Sensitive
Data

= Future
= “eyes-only” or classified publications?
® Already being discussed
* Closed seminars?
*® Or monitored attendance
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Publication Issues for Select Agent
Costs of Select Agent Research
Research
= Limits on publications may lead to: = Time for paperwork
* Difficulty obtaining tenure * PUlab manages
. : L. * RO/ARO
. » Difficulties ?bmlnlng future gnms' )  Inidial asd ongoing
Extcpdgd review process could significantly delay * Time for training
publ:catlon = [Initial and ongoing
® Restrictions on publication may not always make ® Improving physical security
sense = Initial costs may be high
* Plenty of information already available in published = Assistance available from entity?
literature * Installation of BSL-3 labs
* Purification of botulinum toxin
® Isolating C. botulinum from environmental samples
* Virulence plasmid transfer between strains of B. anthracis
210
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Costs of Select Agent Research

» Purchase of new equipment formerly shared with
other labs
= Also may be space issue due to consolidation of equipment
within registered labs
= Inability of new hires to immediately work with
Select Agents
= Try to hire well before actual start date and start SRA as
soon as possible
= May need to find something else for them to do in the
interim
* Try to write into new grants
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Indirect Costs-Select Agent Research

= Research takes longer (assume ~20% average)
= Locking doors
= Signing in & out
= documenting everything
® Full compliance with basic biological safety
requirements

212

Is it worth it?

® Proposed FY2005 HHS biodefense budget is
$4.1 billion
= Significant amount of research & development
funds
® Current NIAID Biodefense Research Funding
Opportunities
= www2.NIAID.nih.gov/Biodefense/Research/fundi
ng.htm#B
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NIAID Biodefense Research Funding
Categories

* Basic research
* Pathogen biology. host response. microbial genomic sequencing.
proteomics
® Target identification
* Potential vaccines, diagnostics, immunotherapy targets
® Preclinical development
= Product refinement testing
* Clinical evaluation
= Biodefense therapies, vaccines, diagnostics
® Research resources
= Biodefense research capacity and infrastructure
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Category A Agents
= NIAID Biodefense Research Agenda for CDC

Category A Agents
= February 2002
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Select Agent Researchers

" SA registration certificate for U.S. institutions
is required prior to spending NIH/NIAID funds
on SA research

® Growing pressure for collaboration if SA
registered

* Some major institutions not allowing SA
researcher

216
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Biological Safety E@
= BMBL recommendations are treated as

requirements for SA research

= Compliance in non-SA labs may vary
= Academia, older facilities

» Check with institutional biological protocol

requirements
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Biological Safety Guidelines for Labs
working with Listed Toxins

* 29 CFR 1910.1450
N S
Laboratories™

* Biosafety in Microbiological and Biomedical
Laboratories (BMBL)
* Appendix F
» Appendix I--"Guidelines for Working with Toxins of
Biological Origin™
® NIH or BMBL guidelines
» Toxin-producing organisms or
for toxins
» Your institution’s biological safety office

to Hazardous Chemicals in

bi DNA coding
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Biological ‘Safety Guidelines for Labs
working with (Infectious) Select Agents

= BMBL

= “NTH Guidelines for Research Involving
Recombinant DNA Molecules”

® Again, check with your institution’s Office of
Biological Safety

BMBL, 4th edition

* Biosafety in Microbiological
and Biomedical Laboratories
® Available at
= www.cde.gov/od/ohs/biosfty/b
mbl4/bmbidtoc.htm
® Sth edition anticipated

» Highly recommend an open, non-adversarial September 2004
relationship with biological safety administrators
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Other helpful resources Other helpful resources

* Biological Safety: Principles and Practices
» American Biological Safety Association

* www.absa.org

= Many biological safety publications available
* CDC/NIH publication

= Primary Containment for Biohazards: Selection,
Installation and Use of Biological Safety Cabinets

» CDC, NIH, USDA websites
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® RO/ARO
= Labs should have close working relationship with
RO

= May have training available
® Collaborators that already work with SA
= May have recommendations for specific problems

= Some institutions may have committees that
handles Select Agent issues & reviews
= UW-Madison Biosecurity Task Force

222

208




UW-Madison Biosecurity Task Force

= Committee handling SA regulatory compliance
and policy development at University of
Wisconsin-Madison

= Interpret regugulations and try to fit in local
environments (labs)
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UW-Madison Biosecurity Task Force

" Members
= RO, ARO
= Select members of Dean’s office, UW-Police,
UW-Communications, Office of Biological Safety,
Division of Information Technology
= Prepared useful, mandatory SA training course
for all persons registering for SA use

Door Signage--BSL-2 or higher

* Must include
= Biosafety level
= Biological material(s) in use
= Special procedures or precautions for entry

= Name of PI
* Work & emergency phone numbers

* Recommend
= Alternate contact information (name, phone)

225
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Biohazard Symbol

= Use sparingly
= Door to laboratory

= Cages of infected
animals

= Equipment
= Pathogen storage
areas
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/
BSL-1 Practices @

® No eating, drinking, applying makeup
* No mouth pipetting
= Safety glasses worn
* PPE
* lab coat (stays in lab)
* Gloves
= Face/eye protection
* Handwashing
* Safe handling of Sharps
* Decontamination of cultures and waste

® Lab access limited when work in progress 228




BSL-2 Practices

%
» BSL-! practices plus

= Biohazard or restricted access sign on door
Door closed
Limit access to lab

* Minimize aerosols

Use of biosafety cabinet

PPE--gloves, lab coats, respirators if needed
High degree of caution with Sharps

BSL-2 practices (continued)

= Decontaminate surfaces and equipment
= Biosafety manual specific to lab

* Policies and procedures for entry

= Leakproof transport containers

» Training with annual updates
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BSL-2 Facility BSL-2 Facility
» Work surfaces impervious and easily cleaned
= [ ockable lab doors = Autoclave available
» Restricted access when work in progress # Lab separate from public areas
®» Sink for handwashing = BSC (class II) may be needed
= Sturdy furniture » Aerosols
= Nonabsorbent surfaces on chairs = High concentrations
= Eyewash readily = Large volumes
® Negative airflow
= Adequate illumination
2 232
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BSL-3

i

® Work with infectious agents or toxins that may
cause serious or potentially lethal disease as a
resulit of acrosol exposure

235

Generation of Aerosols

* Centrifugation

® Vortexing

* Pipetting

= Sonication

® Electroporation

* Popping tube caps

* Flame sterilization micro tools
* Flow cytometry

" Infected animals
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BSL-3 Requirements

» BSL-1 and BSL-2 plus:
= Separate building or isolated zone
= Double door entry
» Directional inward airflow
= Single-pass air, 10-12 air exchanges per hour
= Enclosures for acrosol-generating equipment
= Room penetrations sealed
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BSL-3 Requirements (continued)

= Walls, floors, ceilings water resistant for easy cleaning
* Vacuum lines protected by HEPA filters or liquid
disinfectant traps
* Certified BSC class Il or il for manipulations
= May need respiratory protection
* Prompt decontamination of spills
* Adequate supervision
» Personnel
* Trained
* Demonstrate proficiency
* Medical surveillance
* Report incidents

> |

BSL-2 facility with BSL-3 practices %

» Existing facilities that don’t have all facility
features for BSL-3.
® Strict adherence to BSL-3 practices in BSL-2
facility result in acceptable level of safety for
routine procedures
= BMBL
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Biological Safety Cabinets

* Protect workers and materials from’infectious
or toxic substances
* The protection provided by a biosafety cabinet
is only as good as the practices of the person
using it
* Training in proper use of BSL highly
recommended
® Institutional
* ABSA, etc,

240
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Types of BSC’s

= Class I
* Modified chemical hood with HEPA filtered exhaust
= No product protection
* Class I
= Type Al
® recirculating cabinet with HEPA filtered exhaust
* Provides product and personnel protection
= Type A2: 30% exhause
= Type Bl: 70% exhaust
* Type B2: 100% exhaust
® Class IlI
* Fully contained glove box

Emergency Equipment

* Eyewash stations
* Emergency showers
= Spill kits
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Clostridium botulinum C. botulinum & BoNT
. u[;gtulfp?T neurotoiimproducing strains of = BSL-2
N gi‘:;:]dm = Spores/vegetative cells
« Spores * Materials potentially containing BONT
* Generally not toxic to adults * Animals-mouse bioassays
* Infant botulism, wound infection .
= Cultures may contain high Jevels of BoNT BSL-3
* Botulinum neurotoxin * High potential for acrosol
* Most potent toxin known to man .
» Lethal dose as low as | ng/kg * BoNT production
® Aerosol, ingested, wounds, skin, eyes, mucous membrane » Purified toxins
= No person-to-person transmission
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Clostridium botulinum BoNT
® Inactivation ® Medical
= Moist heat =1 ization with p lent toxoid
® spores-121°C, 15 minutes . T. Pros & cons .
* Toxin-100°C 10 minutes ament ;‘}::Wm P
- 1l
* Disinfectants * Antitoxin—may be cffective if treated early
® Spores-1% sodium hypochlorite, 70% ethanol ® Assist with mechanical ventilation
* Toxin--0.1% sodium hypochlorite, 0.1N NaOH * <5% fatality from botulism if treated
® Two reported laboratory-acquired cases of botulism
245 246
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C. botulinum and BoNT

* Recommended precautions
» Lab coat, gloves, gown
* BSL-2
= C. borulinum spores, small amount of cultures
* BSL-3
® Aerosol-gencrating manipulations
= Toxin production
= Recommend lab workers shower & change clothing
before handling infants

Bacillus anthracis

= Anthrax
= Cutaneous
® 20% fatality if untreated)
= Inhalational

prognosis
= Gastrointestinal
® 50-100% mortality, even if treated
* Transmission from person to person rare

* mortality close to 100%; early tratement improves
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Bacillus anthracis Bacillus anthracis
® Spore inactivation * Medical
. Resi to many disinf . ptible to many antibi (ciprofloxacin), requires
. atible to 2% gl Idehyde, $% formalin, 0.5% proml?t treatment if exposed
hypochlorite * Infective dose
« Physical inactivati * 8,000-15,000 spores
ysic . ma.cuva ion . = FDA-licensed vaccine available (CDC)
. Re',qun'es direct exposure to 121°C for at least 30 = May help post-exposure
.mn.\uus' = At least 45 cases of lab y-acquired infe d
® incineration *® S deaths
*® Large accidental release in 1979 from military facility in Soviet
Union
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Bacillus anthracis Francisella tularensis
® Special handling precautions ® Risks
=« BSL-2 * Inhalation, skin, eyes, mucosal surfaces
* clinical mlfzﬁllsvm'diamnic qu':fu'ilies of infectious cultures * 30-35% mortality if untreated (<10% if treated)
= BSL-3 pn‘amces, equipment, facilities = Not directly transmitted person to person
* Production quantities = Highly virul "
= Concentrated cuktores ighly virulent organisms (esp. type A)
* Adequate protective clothing * Low infectious dose (1-10 org’s, aerosol or through skin)
® Gloves, gowns with tight wrists and ties in back " Inacuvallf)n
* Facilities for washing and changing clothes = Susceptible to many disinf
* Routinely cleaning equipment, surfaces instruments with ’ ;;m‘:%':,,mk 70% cthanol, g} d
sporicidal solutions e dene .
= Readily inactivated by autoclaving, dry heat
251 252
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Francisella tularensis

= Medical
= Investigational vaccine available from CDC
® ~80% efficacy
» Exposure prophylaxis
= High risk of infection (spill, needle-stick)
» Tetracycline or other oral antibiotics for 14 days after exposure

® Low risk of infection
» Fever watch + treatment if symptoms develop

Francisella tularensis

* Handling precautions

= BSL-2 practices and containment
* Routine diagnostic procedures for clinical samples

* BSL-3 practices and containment, and facilities
* Culture manipulations
® Animal experiments
*® Potentially acrosol production

* Lab coat, gloves, gown
® Fit-tested face masks—infectious materials in BSC

» Laboratory-acquired infections commonly reported . ;nr';u,: s gloves-—diect contact withinfectious materials.
® Esp. from handling cultures
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Yersinia pestis Yersinia pestis
® Plague % Medical
= Bubonic (lymph nodes) = Exposure,
* 50-60% mortality if untreated ® Aerosol, parenteral, ingestion
® Not usually transmitted person-to-person * Monitor for symptoms
= Septicemic = Antibiotic therapy
® Pneumonic « Doxycycline, gentamycin., others
* 100% mortality if untreated » Vaccine no longer manufactured in U.S.
® Easily transmitted person-to-person under certain conditions « Not proleCﬁVe against pneumonic plague
» Aerosol droplets . . .
* 10 reported lab-acquired infections
® 4 deaths
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Yersinia pestis Yersinia pestis
= Risks = Specific handling recommendations
= Aerosol * BSL-2

* Careless manipulation of cultures
® Inactivation

« Susceptible to many disinfectants
* 1% sodium hypochlorite, 70% ethanol, 2% glutaraldehyde, iodines,
phenolics, formaldehyde

* Readily inactivated by heat
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= Simple clinical materials
*® potentially infecious cultures
= BSL-3p j quip and facilities
* Potentially acrosol-gencrating manipulations
* C d infectious materials, i
*® Aatibiotic-resistant strains
* Gloves, gown
® Mask--acrosol risk
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Spills of Agent or Toxin in Lab

» Similar procedure
» C. botulinum, BoNT, B. anthracis, F. tularensis, Y. pestis
= Allow aerosols to settle (> 30 min)
= May not be necessary with small spills of C. botulinum
spores
= Wear protective clothing
= Gently cover spill with paper towels
= Apply disinfectant, starting at perimeter and working
in
= Allow sufficient contact time before clean-up
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Spills of Agent or Toxin in Lab

» If spill of aerosol transmitted pathogen, also
= Evacuate lab '
= Post “DO NOT ENTER” sign(s)
® Re-enter with PPE after 30 minutes

260

Spills of Agent or Toxin S d

» Spills will happen
= All 1ab personnel should be very familiar with spill
protocols
= Spill protocols specific to your agent(s) should be readily
available
= Practice--spill drills
» Know how to handle large and small spills within the
lab and outside the lab

Reporting Spills of SA

= Required to report “Theft, Loss, or Release of
Select Biological Agents or Toxins™
» To RO, who will notify CDC or APHIS
» CDC form 0.1316, APHIS form 2043
® Definition of “release”
= Spills of agent/toxin exceeding containment
= Accidental inoculation of someone with SA
= May also require notification of police, DOJ,
state Veterinarian, state health departments

262

Spills

» Prepare readily accessible spill kits for every room
where agents/toxins used or stored
= Hypochlori d fresh soluti
= Prevention is key
= Use unbreakable & leakproof materials when possible

* Tubes. esc.
» Transport in dary leakproof devices if
possible
= Use carts for transport
2863

Summary

= DOCUMENT EVERYTHING!!!
= Get compliant and stay compliant with all
relevant regulations & requirements
= Biosafety, security, recordkeeping
® Select Agent registration and full compliance
require a tremendous amount of work and
cooperation beween all parties involved.
= It can be done
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Many thanks.....

® American Society for Microbiology
» UW-Madison Biosecurity Task Force
= Dr. Tim Mulcahy, Assistant Dean, CALS
= Jan Klein, Biological Safety Officer
» University of Texas, Environment Health and
Safety
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Center for Gene Therapy
Tulane Center for
Gene Therapy
Tulane University
Health
Sciences Center
J. Bennett Johnston
Building
1324 Tulane Avenue,
SL-99
New Orleans, LA T - -
70112-2699 The Center for Gene Therapy is housed in the
Phone: (504) 988- state-of-the-art J. Bennett Johnston Building on the
7711 campus of the Tulane University Health Sciences
Fax: (504) 988-7710 Center in downtown New Orleans
Email:
cgt@tulane.edu
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The Tulane Center for Gene Therapy was formed in July of 2000.

The major aim of the Center is to develop new therapies for a series of
common diseases that include osteoporosis, osteoarthritis, parkinsonism,
spinal cord injury, stroke and Alzheimer's disease. The primary strategy of the
Center is to use adult stem cells that can easily be obtained from a patient
and then used for therapy of the same patient. The Center will also provide
educational programs for career development, job training and life long
learning of citizens; establish a forum to evaluate the social, legal and ethical
implications of gene therapy; and develop commercial applications of gene
therapy with an emphasis on commercial developments within the State of
Louisiana. The Center is supported by research funds from the federal
government via National Institutes of Health grants, from the state of
Louisiana via the Louisiana Gene Therapy Research Consortium and the
Louisiana Board of Regents, from the Tulane University Health Sciences
Center, the HCA - Healthcare Company and several private foundations. The
Center is a major participant in the Louisiana Gene Therapy Research
Consortium that includes gene therapy centers at the LSU Health Sciences
Centers in New Orleans and in Shreveport. The Center was launched with a
staff of 15 who moved with Dr. Prockop from Philadelphia. It now has a staff
of over 30 with plans to increase the staff to about 50 within the next year or
two. The Center is housed in 14,000 sq. ft. of modern laboratory space in the
Tulane University Health Sciences Center's J. Bennett Johnston Building,
located at 1324 Tulane Avenue, New Orleans, Louisiana.

The Tulane Center for Gene Therapy is under the directorship of Darwin J.
Prockop, MD, PhD. Dr. Prockop has a distinguished career and his
pioneering research is recognized throughout the world. He has been
honored by his peers in many ways, including election to the National
Academy of Science, two honorary degrees, and the Lee C. Howley Prize of
the Arthritis Foundation for research on arthritis.

The therapies being developed by the Center are based on the discoveries
largely made by Dr. Prockop and his associates that adult stem cells from a
patient's own bone marrow can be gene engineered and then potentially used
in the same patient to target the genes of the central nervous system, the
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bones, cartilage and many other tissues. The Center staff is doing research
both on the basic biology of adult stem cells and developing procedures for
use of the cells in patients with devastating diseases.

The interest in adult stem cells by the Center staff began after they and others
had identified mutations in collagen genes that cause brittle bone disease in
children (osteogenesis imperfecta) and inherited cartilage disorders
(chondrodysplasias). We have also identified mutations in collagen genes in
common connective tissue disorders such as lumbar disc disease,
osteoporosis, osteoarthritis and aortic aneurysms.

Identifying the mutations that cause the diseases led to developing new
therapies. Preliminary results from a collaborative clinical trial being carried
out at St. Jude's Children's Hospital in Memphis suggests that the adult stem
cells will be useful in treating osteogenesis imperfecta and perhaps
osteoporosis.
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Studies in Progress:

Stem Cells

Characterization of the biological properties of adult stromal cells is essential
for a better understanding of their normal function in adults as well as to
revealing their potential in treating disease. Stem cells are so named because
they are like the stems on a tree that can produce new leaves and flowers
each year. Each stem cells has the remarkable property that is can divide so
as to produce a perfect copy of itself together with a second cell that can
become a "workhorse" cell of the body such as a bone cell or a nerve cell.
Because the stem cell produced by the division is a perfect copy of the
original stem cell, stem cells seem to be able to divide and live indefinitely,
perhaps forever. Understanding stem cells is now one of the most important
problems of biology. The Center staff is working at the forefront of research
on stem cells using cutting edge technologies to define them in terms of the
genes they express. Also, they have developed new procedures that make it
possible to begin with a small sample of stem cells from a patient's bone
marrow and grow extremely large numbers of the cells in the laboratory. The
ability to grow the cells rapidly, in turn, makes it possible to gene engineer the
cells with simple techniques that do not involve use of a virus.

To test the cell's potentials for therapy of patients, the Center is using the
adult stromal stem cells to treat mice and rats that represent models of
human diseases. Plans are being made to carry out similar experiments in
non-human primates at the nearby Tulane University Primate Center, the
largest N. |. H. sponsored primate center in the country. In one series of
experiments, cells are transplanted into mice that undergo repeated
spontaneous bone fractures because of a genetic defect. The aim of these
experiments is to determine if the stem cells can travel to the site of a bone
fracture and strengthen the bone and prevent further fractures. Results from
these studies should define the most effective ways the cells can be used to
treat human bone diseases, such as osteogenesis imperfecta and
osteoporosis. In other experiments, the Center staff is pursuing their
discovery that the adult stem cells can differentiate into cells that make up the
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brain. Therefore, the cells are being transplanted directly into the brains of
mice that exhibit progressive neurodegeneration due to lack of a critical
protein. The aim of these experiments is to determine if the stem cells can
replace the missing protein and reverse the degeneration of the brain. If the
experiments succeed, they will suggest that the cells can be used to treat
serious neurological diseases in children such as Tay-Sachs disease. Other
studies are evaluating if the stem cells can replace brain cells lost in common
diseases of adults. Promising preliminary results were recently obtained in a
rat model for parkinsonism. Similar experiments are underway to test the
effectiveness of the cells in animal models for Alzheimer's disease and brain
tumors (gliomas). The procedures for the experiments in animal models are
being developed so as to conform to reporting requirements of the Food and
Drug Administration and other agencies in order that the therapies can be
introduced as clinical trials in patients as soon as possible

Genetic Deficiencies

Another major interest of the Center is to identify the genetic causes of both
common and diseases of connective tissues such as bone and cartilage. The
Center staff was among the first to show that mutations in collagen genes can
carry mutations causing diseases of bone and cartilage. Their interest in
collagen genes was based on a large background of work they and others
had done on the structure and function of the proteins and their biosynthesis.
Members of the Center staff and their previous associates isolated the first
gene for a series of human collagens. They then used the genes to find
mutations that caused osteogenesis imperfecta and severe disorders of
cartilage that cause dwarfism and associated problems (Stickler syndrome,
spondyloepiphyseal dysplasia, and achondrogenesis type Il, Kniest
dysplasia). They went on to find mutations in collagen genes that caused the
defects in a subset of patients with osteoporosis, a subset of patients with
early onset osteoarthritis, and a subset of patients with aortic aneurisms that
were prone to rupture. More recently, one faculty member of the Center found
mutations in collagen genes that cause or predispose sciatica because of
intervertebral disk herniation. The genes in which these mutations have been
found are complex and the identification of the mutations has in part
depended on technology developed by the Center staff for rapid scanning of
genes for mutations, a technology known as conformation sensitive gel
electrophoresis (CSGE). The DNA diagnostic tests for these and other
diseases are being developed for several reasons. One is that a definitive
diagnosis as to cause of a disease is frequently an important guide as to
which existing therapies or changes in expectations or lifestyle may help the
patient. The second reason is that knowing the exact cause of a disease is
frequently the first step in developing new therapies, such as gene therapy,
that may provide a cure for previously untreatable diseases.
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Another major role of the Center is the training of new scientists. Annually, the
Center mentors a dozen or more undergraduate and graduate students. Each
student has a specific project that is a part of the over-all aim of
characterizing adult stromal cells or evaluating their potential for treatment of
diseases. Students have regular mentoring meetings, as well as regular
seminars and journal club. In addition, the Center conducts an active program
for postdoctoral fellows. Over the years, over 15 former students and
postdoctoral fellows mentored by Dr. Prockop or his associates have become
heads of their own departments. The Center is dedicated to continuing this
tradition. In addition, the Center is planning open house forums and other
programs to provide opportunities to inform local citizens about recent
progress in gene therapy.
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Core Laboratories and Services Provided (memo from Dr. Darwin J.
Prockop):

Virtual Tour

The core laboratories have been established with funds provided by Tulane
University Health Sciences Center, HCA, the Health Care Company and
Louisiana Gene Therapy Research Consortium, Inc. We would like to make
the services available to all scientists supported by the Consortium and to all
academic scientists in this geographic region. For some of the services of the
Core, we of necessity must make a charge. For others, there will be no
charge for either uses or special situations in which scientists need
preliminary data for grant applications.

Brief description of our core laboratories and the services they can provide:
A. Morphology Cores

1. DNA Sequencing. We have two ABI 3100 16-capillary sequencers that
have been producing superb results. The sequencers have a large capacity,
far larger than we in our Center can use. Justin Manges (504-988-7063) is
ready to provide DNA sequencing for anyone at Tulane or in the general
vicinity. He can also provide excellent advice in DNA template issues and
designing primers to carry out sequencing.

2. DNA Diagnostics. The core carries out very specialized mutation
detection for diseases of the skeleton. We have been offering diagnoses of
mutations causing osteogenesis impefecta on a fee-for-service basis for
many years. The technology was largely developed in our own laboratory and
involves a protocol that make it possible to quickly scan multi-exon genes and
find the appropriate PCR product to sequence. Please call (504-988-7706) for
any questions about the DNA Diagnostics laboratory.

3. Microscopy Core. The Core supplies access to a series of microscopes
that include visible light microscopy and ultraviolet microscopy. Dr. Phinney
has just had installed a three-dimensional deconvolution microscope that
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promises to be better and easier to use than a confocal microscope. It makes
it possible to collect sharply focused images of sections and then reconstitute
cells and other structures in three dimensions. One of the microscopes is also
equipped with a computerized stage and environmental chamber that makes
it possible to follow the growth and differentiation of cells in culture in real
time.

4. Flow Cytometry Core. Our Flow Cytometry Core lab is equipped with the
most advanced instruments available on the market today. We have a
Becton-Dickinson FACSVantage SE cell sorter with 3 lasers plus most of the
options offered for this model including TURBO-MACRO sort and Clone-cyte
cell deposition hardware. We have also recently added a Beckman-Coulter
benchtop phenotyper to help handle our increasing use of this technology.
The core is operated and administered by Alan Tucker (504-988-7741), and is
offered to outside investigators when time is available.

5. MicroPET Core. The MicroPET Core will become available on July 1.
There will also be a small laboratory for temporary housing of animals and
preparing ligands with radionucleotides with short-half lives. The MicroPET is
an instrument that has only been available for about one year and has the
amazing ability to do imaging of mice or rats at a resolution of 2 mm3. It
promises to revolutionize research in a number of areas. One example of its
use is to insert a gene such as the herpes simplex gene for thymidine kinase
into a virus or cells that are about to be infused into a mouse or arat. One
can then anesthetize the animal and inject a fluoride -18 labeled analog of
gancyclovir and visualize the location of the tagged virus or cells. The imaging
is in real time and will be carried out repeatedly on the same animal. There
are currently only about seven instruments available in the world and we hope
to take delivery of ours in about a year. Any interested faculty members
should consult a recent review by Michael Phelps (PNAS 97: 9226, 2000)

B. Stem Cell/Vector Cores

1. Microarray Core. Justin Manges (504-988-7063) and Joni Ylostolo (504-
988-7071) have an operational Affymetrix microarray instrument for assays of
mRNAs. They have already produced some very exciting results with it. They
would like investigators to bring their samples of cells to him so that they
would carry out the extraction of the RNA and the labeling. They would then
provide the data. We think the Affymetrix instrument has an advantage over
competing instruments because it uses specifically designed oligonucleotides
instead of cDNAs. However, the chips cost about a thousand dollars each
and the reagents are expensive. Also, it is frequently necessary to run
duplicates. Therefore, the best strategy is to use the Affymetrix chips to
identify mRNAs of interest and make a cheaper cDNA chip for genes of
special interest.

2. Mass Spectrometry Core. Carl Gregory (504-988-7716) has set up'an

ame_\zing mass spectrometer for protein analysis. The instrument can detect
as little as one picogram of protein and indicate molecular weight within two
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or three Daltons. By analysis of both the intact proteins and of tryptic peptide
of the same proteins, it is possible to identify about half the proteins contained
in most cells.

3. Circular Dichroism Spectro polarimeter Core. Dr. Leena Ala-Kokko
(504-988-7709) and Joni Ylostalo (504-988-707 1) have made this instrument
operational. It provides a rather elegant assay of the conformation of
macromolecules.

4. Biosensor Assay Core. Dr. Leena Ala-Kokko (504-988-7709) and her
student Joni Ylostalo (504-988-7071) have set up an instrument for real-time
bioassay of molecular binding. The Fison instrument is simpler to use than
the Pharmacia BioCore. These instruments give real time assays of on rates
and off rates as well as equilibrium constance. The data are elegant but some
care must be taken as to the chemical steps involved in binding the first
ligand to the solid support.

5. Cell Culture And Repository Core. We have set up a suite of three tissue
culture rooms to handle a modestly large volume of cultured cells. We
welcome occasional use by any faculty member, but we are not certain as yet
how much of the capacity of this Core will be available for sharing. The cell
repository in the Core contains almost 2,000 samples of cells from patients
with a variety of diseases.

6. Laser-Assisted Microscopy Core. Joni Ylostalo (504-988-7071) and
Justin Manges (504-988-7063) operate an elegant instrument for laser
dissection of single cells from microscopic slides. The instrument is a
P.A.L.M. that we think is much superior to competing instruments from other
companies. It is fast and a delight to use.

7. Real-Time PCR Core. Dr. Donald Phinney (504-988-7725) has set up a
real time PCR assay machine from ABI. Although | was originally skeptical
about some of the claims made by the company, the instrument does provide
quantitative assays of either messenger RNA levels and of rare DNA
sequences. A key to proper use of the instrument is the design of the
necessary probes. Don Phinney can provide expert assistance in the
designing of these.

http://www.som.tulane.edu/gene_therapy/services.shtml 226



About TUHSC  Primato Resoarch Conter  Tulans University Hosplital and Clinic m ISOM E"‘[

School of Public Hoalth and Troplcal Medlcine School of Medicine HOME

Help | Index | Webmai

Photos

Overview | Research | Educational Activities | Services | Facilities | Faculty |
Employment | News | CGT Home

Click the photo for a larger version.

http://www.som.tulane.edu/gene_therapy/photos.shtml 227



About TUHSC  Primato Resoarch Contor  Tulano University Hospltal and Clinlc m lSOM ~]

School of Public Health and Tropical Medicine Schoo! of Mediclno HOME

Help | Index | Webmai

Employment

Overview | Research | Educational Activities | Services | Facilities | Faculity |
Employment | News | CGT Home

Endowed Recruitment Programs for Fellows, Faculty and Visiting
Professors in STEM CELL RESEARCH

The Tulane Center for Gene Therapy offers a series of endowed programs for
research in stem celf biology and use of stem cells in gene therapy. The
Center is supported by a five-year program funded by Tulane University,
HCA-the Healthcare Company, and the Louisiana Gene Therapy Research
Consortium, Inc. The Center provides a series of core facilities that include
DNA sequencing, micro array assays, deconvolution microscopy, laser
assisted microdissection, protein mass spectrometry, biosensor assays of
ligand binding, CD spectropolarimetry, and FACS. In addition, a core
laboratory is available at the affiliated Tulane University Primate Research
Center and there is access to an NiH-funded General Clinical Research
Center. A microPET core for imaging of small animals will be available within
the year.

POSTDOCTORAL FELLOWSHIPS: Highly competitive stipends are offered
for up to 3 years. Successful candidates should be graduates of well-
recognized institutions and have an excellent command of English.

FACULTY POSITIONS: Tenure-track appointments are available at the level
of assistant professor. The program is fully funded to provide salary,
laboratory space, access to graduate students and up to four years of support
for a postdoctoral fellow, a technician and research supplies for each faculty
member.

SABBATICAL YEAR PROGRAM FOR VISITING PROFESSORS: Positions
provide up to one year of full support for salary and research expenses for
highly qualified scientists. Send (1) curriculum vitae, (2) brief summary of
research interests, and (3) two or more letters of recommendation to Dr.
Darwin J. Prockop, Director, Center for Gene Therapy, Tulane University
Health Sciences Center, 1430 Tulane Avenue, SL-99, New Orleans, LA
70112, Fax (504) 988-7710; E-mail: dprocko@tulane.edu
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Current News: NIH Grant to Prepare Adult Stem Cells

e Tulane to Study Repair of Heart Damage Using Stem Cells

¢ Tulane Receives NIH Grant for Center to Prepare Adult Stem Cells

e Tulane at Epicenter of Stem Cell Research

o NIH Press Release: New Center for Preparation and Distribution of Adult
Stem Cells

e Video News Release: Tulane Receives NIH Grant for Gene Therapy
Center to Prepare Adult Stem Cells (You must have the RealPlayer
software to view the movie)

e The Times-Picayune: Tulane Becomes Stem-Cell Supplier

e The Times-Picayune Editorial: Stem Cell Standard

e The Advocate: Tulane Wins Stem-Cell Work Grant

Press Releases

e Helping Children with Brittle Bone Disease - June 25, 2002

o Researcher Gets "Mini Nobel" - February 1, 2002 (see a photo from the
award presentation)

e Tulane Receives One Million for Research into Genetic Therapies -
November 15, 2001

o Tulane Doctor Receives Anders Jahre Award for Medical Research -
October 12, 2001

e Tulane Receives Grant to Work on Cure for Brittle Bone Disease -
October 10, 2001

e Tulane Center for Gene Therapy Receives $500,000 for Aizheimer's
Research - May 21, 2001

¢ Medical Conference Focuses on Use of Stem Cells for Tissue Transplant
- March 21, 2001 '

¢ Genetic Risk Factor Identified for Lumbar Disk Disease - April 11, 2001
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Dr. Prockop with students in laboratory
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Executive Yuan, R.O.C.
National Laboratories of Food and Drugs, Departmen
Taipei, 11513
Taiwan Republic of China

Re: Abstract number - 970
Dear Dr. Huang

I am pleased to inform you that your abstract has been accepted for a poster presentation at the
104™ General Meeting, which will be held at the Erest N. Morial Convention Center, from May 23
through May 27, 2004 in New Orleans, LA.

Following is information pertaining to the above abstract:

Abstract Title: A Novel Method for Detecting the Staphylococcal Enterotoxin genes
from sea to sep

Session No.: 327

Room/Day/Time: Poster Hall/May 27, 2004 9:00 AM

Presentation Number (to be included in your poster title): D-252

Poster Placement: The size of the posterboard is 4 feet tall by 8 feet wide (1.2 m x 2.4 m).

Two poster sessions are scheduled each day (except Thursday). The morning session is from
9:00 a.m. to 12:00 p.m. and the presenter must stand at the poster from 10:30 a.m. until 12:00
p-m. The afternoon session is from 1:00 p.m. to 4:00 p.m. and the presenter must stand at the
poster from 1:00 p.m. until 2:30 p.m. The period between 12:00 and 1:00 p.m. is reserved for
removing the morning posters and placing the afternoon posters. The poster area of the Exhibit
Hall is only open to the public from 9:00 a.m. to 4:00 p.m. Therefore, you must bring this
letter with you and show it to Security in order to place your poster between 7:30 and 9:00
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Please note that for those who submitted a request for a student travel grant, confirmation notices
will be sent under separate cover March 10.

We look forward to your participation and to seeing you in New Orleans.

Sincerely,
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A Novel Method for Detection of the Staphylococcal Enterotoxin

Genes from sea to sep

Daniel Yang-Chih Shih, Tsui-Ping Huang,
Yu-Chang Chang, Yun-Pu Huang and Jan-Yi Wang,

Division of Food Microbiology, Bureau of Food and Drug Analysis,
Department of Health, Executive Yuan
161-2, Kuen-Yang Street, Nankang 115, Taipei, Taiwan, R.0.C.

Staphylococcus aureus ranked the second place among the foodborne pathogens that
were responsible for the food poisoning outbreaks in Taiwan during the late twenty
years. Since the staphylococcal enterotoxins ( SEs ) were the main causes, in this study
we established a novel method by polymerase chain reaction (PCR) technique to
detect the genes of 15 SEs, including sea, seb, sec, sed, see, seg, seh, sei. sej, sek, sel,
sem, sen, seo, and sep. We designed the specific primers to obtain particular fragments
from 156 bp (sel) to 880 bp (sej) , that were varied to each other, so we could adapt -
into many combination of multiplex PCR. We cloned each genotype of SE gene from
the isolated strains into the plasmid and confirmed it by sequencing, for established an
in-house standard strain. Then, the method was applied to screen 222 strains isolated
from 85 samples of 34 outbreaks. The results showed that there were harboring
several SE genes, and from one gene to 10 different genes could be found in the same
strain. According to the different combination of the 15 SE genes, we divided these
strains into 84 patterns. Among the tested strains, the top three groups were two-gene,
three-gene and one-gene strains, and the percentages were 27.5%, 20.3% and 18.9%,
respectively. There are one nine-gene strain and one ten-gene strain, their SE
genotypes were AGHKLMNOP and BGHIKLMNOP respectively. The top five

detection rates in each SE gene were sep (85%), seo(44% ), sem(35%), sel(32%),
and sea (28%) .

Keywords: Staphylococcus aureus, outbreak, staphylococcal enterotoxins, polymerase

chain reaction (PCR), genotype.
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Introduction

Staphylococcus aureus is one of the common causes of food
poisoning worldwide, and moreover it also ranked in top three
causes in Taiwan for the last twenty years. Staphyolcoccal
food poisoning is characterized by vomiting and diarrhea
resulting from the ingestion of foods or beverages
contaminated with one or more preformed enterotoxins (SEs).
Several types of Staphylococcal enterotoxins have been
described and it is ordinary for Staphylococcus aureus to
produce one or more of these toxins at the same time. In
addition to the well-recognized SEA, SEB, SEC, SED, and
SEE enterotoxins, new types of SEs (SEG, SHE, SEI, SEJ,
SEK, SEL, SEM, SEN, SEO, and SEP) have been identified,
but their role in food poisoning is not clarified. Based on
amino acid sequence comparisons, SEs have been divided into
several groups; one includes SEA, SED, SEE, SEJ, and SHE,
and another SEB and SEC, whereas SEG and SEI could not
be clearly attributed to a specific group.

The se genes are carried either by plasmids (sed and sej),
by phages (sea, and see), or by the chromosome (seb, sec, seg,
she, sei, sek, sel, sem, seo, sep, and seq). Also, different se genes
are implicated in pathogenicity islands such as the sec-bovine
gene, or the seb, sek and seq genes. In addition, a cluster
named egc encodes for toxins SEQ, SEM, SEI, SEN and SEG,
and two pseudogenes £ entl and £ ent2 localized between
the sei and sen genes.

The aim of this study was to establish a rapid method to
detect the sea, seb, sec, sed, see, seg, seh, sei, sej, sek, sel, sem,
sen, seo, and sep. We also investigated the presence of these 15
se genes among 222 Staphylococcus aureus isolates collected
from 35 food poisoning outbreaks in Taiwan.
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1.

2.
3.

Methods

Stratagem for detection of genes and establishment of
reference strains as figure 1.

Flowchart for genomic DNA isolation as figure 2.

Sample sources of Staphylococcus aureus isolated from

food poisoning outbreaks in Taiwan as table 1.

. Specific primers used for detection of SE genes in S. aureus

by PCR methods as table 2.

Establishment of in-house reference strains as figure 3.

. The Polymerase Chain Reaction (PCR) - The extracted DNA

(1 pL) as template was added with a reaction mixture
containing 1X reaction buffer (10 mM Tris-HCl, pH 8.8 at
25C, 1.5 mM MgCl,, 50 mM KCl, and 0.1% Triton X -100),
200 pM deoxynucleotide triphosphates, 500 nM each
primer, and 1U/100 pl. Recombinant 7aq polymerase
(Takara Shuzo Co., LTD, Shiga, Japan) to a final volume of
100 pL. Table 2 lists the Primer sequences. A PCR reactor

( GeneAmp, PCR system 9700, Applied Biosystems,
Foster City, CA, USA) was used. Reaction temperatures
were programmed as follows: (1) at 95°C for 10 min; (2) at
95°Cfor 1 min; (3) at 58°C for 1.5 min; (4) at 72°C for 1.5
min. The steps from (2) to (4) were repeated for 35 cycles
and then finished with the step at 72°C for 7 min. The
resulting products were analyzed using a 2% agarose gel

electrophoresis.
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Table 1. Sample sources of Staphylococcus aureus
isolated from food poisoning outbreaks in Taiwan

Sample group No. of No. of No. of
Outbreak sample strain

Fishes 11 17 42

Fishery products 2 2 6

Meats and their 11 15 42

products

Eggs and their 0 0 0

products

Milks and their 0 0 0

products

Crops and their 4 4 13

products

Fruits & vegetables 2 3 7

and their products

Cookies & Candies 0 0 0

and their products

Lunch boxes 4 12 29

Complex dishes 7 9 25

Swabs from 11 18 44

environmental

sample

Swab from hands of 2 5 14

food handlers

Total 7 35" 85 222

* because there was more than one sample in the same
outbreak.
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Table 2. Specific primers used for detection of specific
factors in S. aureus by PCR methods

Gene Primer Sequence

sea Al*  5'-AAAGTGCCGATCAATTTAATGGCTA-3'
A2*  S5'-ATTAACGGAAGGTTCTGTAG-3'
seb B* S'-GATATTATTTCGCATCAAACTGAC-3'
BC* S'-GATTGGTCAAATTATCTCCTGG-3'
sec C21 S5S'-AATAAGAGTCGATTTATTTCATGC-3'
C22 5'-GTACCAGTAAACTCACTTGA-3'
sed D 5'-GCAGATAAAAATCCAATAATAG-3'
D1 S5'-TTTCGGGAAAATCACCCTTAAC-3'
see E1l S'-TTACAAAGAAATGCTTTAAGC-3'
E2 5'-TACCGCCAAAGCTGTCTGAG-3'
seh H1l 5'- GTTAATGAAATATATTGAGGAGT-3'
H2 S5'-TATGTCGAATGAGTAATCTC-3'
sei I1  5'- AAGATCTTACGTATGCTCAA-3'

12 5'-ATTTACTTATTTCGTCCC-3'
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Table 2. (continued )

Gene Primer Sequence

sej J1  5-AAGGAGTTAACACAATGAA-3'
J2  S'-GATAGATGTACTACGTATATG-3'
sek K1 S5'-CTGATATAACGTGGCAATT-3'
K2 5'-TTAAATACATTAACGCCTA-3'
sel L1 5-ATTCAGCAGATATTCCAT-3'
L2 S-TCAAGTGTAGACCCTATTGC-3'
sem M1 S'-TCGGAGTTTTGAATCTTAGG-3'
M2 S5'-TCAACTTTCGTCCTTATAAG-3'
sen N1 S'-AATCTGATCTAGATAGTAGT-3'
N2 S5'-TTAAATCGAACTTTAGTGTC-3'
seo 01 S5'-CCCTATTGCTTTACATAATATT-3'
02 S5'-CCGAATGAGAATGAAATTTAATA-3'
sep P1  5'-ATCCTCAACTGTGTATCTGG'-3'

P2 5'-AGTGGATTTATATGGTGTTT-3'

* Primer source reference are Shiau et al. (BFDA, 1996)
** All primers except * are designed by the specific gene from
GenBank in this study.
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Table 3. Enterotoxin genes and toxins detected from
Staphylococcus aureus CCRC strains

CCRC* Enterotoxin gene RPLA

No. L. result
sea seb sec sed see seg seh sei sej sek sel sem sen seo sep seq

1494 v v v v v v v vB
12653# v v v v v v v B
12654 v v v v v v vvvvvvyv FC
12656 v v v v v v v v E
126564 v v v v v v v v v v AD
149438 v v v v vv vy v A
13848 v v v v v v v v A
13825 v v v v v v v v B
138284 v v v v v v v €
1382904 v v v v v v D
138304 v v v v v v E
118634 v v v v N A
149444 v v A A VIV
149804 v v v v v v v -
138264 v v v v v v v C
13825 v v v vV v v v v v v v BCD

* S. aureus strains, obtained from the Culture Collection and Research Center, Food
Industry Research and Development Institute, Hsinchu, Taiwan, ROC.
# sec or sed was detected by PCR method, RPLA result did not match.

3 SEB detected by RPLA, seb did not detected by PCR method.
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Figure 2. Flowchart for genomic DNA isolation.
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Sequence Confirmation
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@8 score = 750 bits (390), Expect = 0.0
8 1dentities - 300/390 (100%)
1 Strand = Plus / Plus

I Query: 1 tattatactgatataacgtggcaattagacgagtcaaataaaattagtacagatcaacta 60
o (RN RN R R R A R R N R R R RN N AR R N RN R R RN RN RN R RN RBN] B
@4 sbict: 3054 rattatactgatataacgtggcaattagacgagtcaaataaaattagtacagatcaacta 4013 BE
55 N K I 8§ TD Q L ;

Sequencing

PCR product

Recovery

E. coli (JM109 )

Transformation

Figure 3. Establishment of in-house reference strains.
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Figure S. Detection frequency between 15
staphylococcal enterotoxin genes (N = 222).
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1.

Results & Discussion

A Novel Method for Detection of the Staphylococcal
Enterotoxin Genes from sea to sep was established by PCR
method in this study. There were clear PCR products
showed in the gel electrophoresis image as we tested the 15
enterotoxin genes individually (figure 4).

. This PCR Method was run in 16 CCRC Staphylococcus

aureus strains, obtained from the Culture Collection and
Research Center, Food Industry Research and
Development Institute, Hsinchu, Taiwan, ROC) , and the
result revealed that there were more than one enterotoxin
genes detected between these strains (table 3).

. Among the 222 Staphylococcus aureus strains isolated from

food poisoning outbreaks in Taiwan, the detection
frequency between 15 staphylococcal enterotoxin genes
(sea~sep) told that sep, seo and sem were the top three ,
then the sel, sea and sen (figure 5).

While looked into the Enterotoxin gene patterns of S.
aureus isolates (N=222) from food poisoning outbreaks
(N=35), the patterns in each group were diversely. Among
these patterns, the sep was the majority, which distributed
in 33 strains (table 4).

. The distribution of staphylococcal enterotoxin genes in

different patterns showed: the sep and sea were usually
found in the strains which less 5 genes detected in the same
time, on the contrary, the sek appeared in the strains
contained more than 5 genes (figure 6).
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FDA/CFSAN: Food and Cosmietic International / Other Language Documents -- Chinese

| F’TD)/’& U.S F d and Dr OAdmuustmhon | L

FDA Home Paqe | CFSAN Home | Search/Sublect Index |Q & A [ Help

FDA Food and Cosmetic International / Foreign Language Documents

Chinese

Overview | Foodborne Illness | Imports, Exports | Additional FDA Information

Overview
s BEMEEBIEREER(

‘| XEBERGEZEY E EH B (FDA)
%Bﬁﬁmu&{ﬁﬁﬁuuﬁ—%mg{f

‘BT BERSEE LR
Foodbome Illness

| EAYERNTERE R AR
- [TEERE I B R A B
* ANAFRRE BT ™

« Fight BAC! Public Service Announcement (Cantonese) (Mandarin)
(Video 30 sec)

\._i

Imports, Exports

s RSEEYEHEEEOET
Additional FDA Food and Cosmetic Information

 FDA Food and Cosmetic Information on the World Wide Web (in English)
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FDA/CFSAN: Center for Food Safety and Applied Nutrition: Overview -- Chinese traditional

U. S. Food and Drug Administration
Center for Food Safety and Applied
Nutrition
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Administration)
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www.cfsan.fda.gov/list.html

ORI L (Centers for Disease
Control and Prevention)
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Centers for Disease Control and Prevention {(JEJRIEBIEERAIEH)
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(U.S. Department of Agriculture)(USDA)

AR (Food Safety and Inspection
Service)
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ZHAE - BAF AR SRR

(Cooperative State Research, Education, and
Extension Service)
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Yashington, DC 20250-0900
202-720-3029

www.reeusda.gov
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B EZEEEEE (National Agricultural Library)
EBEEFEN/ AAHEBEYERSRLERERAFENA
f.{> (USDA/FDA Foodborne Illness Education
Information Center)
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EEIRBEAHEEE (U.S. Environmental

Protection Agency)
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EFEES (U.S. Department of Commerce)
> EEFEAAREMR (National Oceanic and

Atmospheric Administration)
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Seafood Inspection Progranm {¥gi¥i8Zatal)
1315 East-West Highway

Silver Spring, HD 20910

1-800-422-2750

seafood.nmfs.noaa.gov

EEMBGE (U.S. Department of the Treasury)

FEEL K 285 S (Bureau of Alcohol, Tobacco
and Firearms)
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www.atf.treas.gov/alcohol/index.htm

EBEFHMEE (U.S. Customs Service)
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U.S. Customs Service {ZEEMERIFEE)
P.0. Box 7407

Washington, DC 20044
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EB T (U.S. Department of Justice)
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R S ZEE® (Federal Trade Commission)
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FIC (BEREES)

Consumer Response Center, CRC-240
Vashington, DC 20580
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e

-
From F aimito Table

News &
Safety Alerts
Consumer
Advice
Kids, Teens,
& Educators
Industry
Assistance
Repartilinesses &
Product Complaints

B s 2]

National Food
Safety Programs
Federal & State
Gov't Agencies

Qther
Topics

Search &
Site Index

www.FeodSafely.gov

Gateway to Government Food Safety Information
S R,

Foodborne Pathogens

Federal Government Web Sites

e The Bad Bug Book (FDA)
Brings together information on 40 pathogen toxins from FDA,
CDC, FSIS, and NIH.

o Morbidity and Mortality Weekly Report (CDC)

e Question & Answer Fact Sheets (CDC)
Foodborne diseases, pathogens and toxins

e Foodborne Disease Fact Sheet (NIAID)

¢ Foodborne Infections: Frequently Asked Questions (CDC)

e Emerging Infectious Diseases Journal (CDC)

o Searchable database: Foodborne Disease Outbreaks from

» Bovine Spongiform Encephalopathy

e Listeria monocytogenes

e Outbreak Response and Surveillance Unit (CDC)

e Product Liability and Microbial Foodborne Iliness (ERS)

¢ Resources for Health Professionals

o USDA Agricultural Research Service Food Safety Activities

o Achievements in Public Health, 1900-1999: Safer and
Healthier Foods (CDC)

e Children and Microbial Illness (available in PDF) (ERS)

e Healthy Pets Healthy People: Diseases People Can Get from
Pets (CDC)

e Vibrio vulnificus Health Education Kit (FDA)

Federal Government/Private Sector Partnership Web
Sites

e Ten Least Wanted Foodborne Pathogens (Partnership for Food
Safety Education)
(English) (Chinese (Big 5)) (Chinese (GB)) (French) (German)
(Japanese) (Korean) (Russian (1251)) (Russian (KOI-8))
(Spanish) 270
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www.foodsafety.gov - Foodborne Pathogens

e Organisms That Can Bug You (Partnership for Food Safety
Education)
(English) (Chinese (Big 5)) (Chinese (GB)) (French) (German)
(Japanese) (Korean) (Russian (1251)) (Russian (KOI-8))
(Spanish)

¢ Everyone can Fight BAC! (Partnership for Food Safety
Education)
(English) (Chinese (Big 5)) (Chinese (GB)) (French) (German)
(Korean) (Russian (1251)) (Russian (KOI-8)) (Spanish)

¢ Diagnosis and Management of Foodborne Illness: A Primer
for Physicians (AMA, FDA, CDC, FSIS)

State & Local Government Web Sites

o About Food Poisoning (Department of Agriculture and
Consumer Services, Virginia)

e Bad Bug Book for Kids (Department of Agriculture, North
Carolina) "

o Communicable Diseases Investigation (Department of Health,
Pennsylvania)

e Disease Fact Sheets / Informacion Sobre Enfermedades
(Department of Health, Texas)

e Epidemiology (Health and Human Services, Nebraska)

e Foodborne Illness in Rhode Island (Department of Health,
Rhode Island)

» Massachusetts Foodborne Illness Investigation and Control
Reference Manual (Department of Health, Massachusetts)

« Microbiology of Foodborne Illness Review (Rhode Island
Cooperative Extension)

e Organisms of Concern (Cooperative Extension Service, North
Carolina)

o Pfiesteria

o About Pfiesteria piscicida (Sea Grant Extension Program,
Maryland)
o Quick Facts on Pfiesteria (Department of Health and
Human Services, North Carolina)

e What You Should Know about Pfiesteria and Virginia's Water

(Department of Health, Virginia)

More Web Sites

e Other Languages 971
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e Video Library

Additional links to federal, state and local government agencies.
See Other Topics for other food safety issues.

www.FoodSafety.gov

Privacy | Accessibility | Webmaster | Last updated on 2004-APR-07 by
dav/cms/cjm
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FDA/CFSAN Bad Bug Book: Introduction to Foodborne Pathogenic Microorganisms and Natural To...

U.S. Food & Drug Administration

Bad Center for F ood Safety & Applied Nutrition
Bug . . .
Book Foodborne Pathogenic Microorganisms

and Natural Toxins Handbook

The "Bad Bug Book"

This handbook provides basic facts regarding foodborne pathogenic microorganisms
and natural toxins. It brings together in one place information from the Food & Drug
Administration, the Centers for Disease Control & Prevention, the USDA Food Safety
Inspection Service, and the National Institutes of Health.

Some technical terms have been linked to the National Library of Medicine's Entrez
glossary. Recent articles from Morbidity and Mortality Weekly Reports have been
added to selected chapters to update the handbook with information on later outbreaks
or incidents of foodborne disease. At the end of selected chapters on pathogenic
microorganisms, hypertext links are included to relevant Entrez abstracts and GenBank
genetic loci. A more complete description of the handbook may be found in the
Preface.

PATHOGENIC BACTERIA

e Salmonella spp.

o Clostridium botulinum

e Staphviococcus aureus

o Campylobacter jejuni

e Yersinia enterocolitica and. Yersinia pseudotuberculosis
e Listeria monocytogenes

o Vibrio cholerae O1

o Vibrio cholerae non-O1

o Vibrio parahaemolyticus and other vibrios
o Vibrio vulnificus

o Clostridium perfringens

e Bacillus cereus

e Aderomonas hydrophila and other spp.

o Plesiomonas shigelloides

o Shigella spp.

o Miscellaneous enterics

e Streptococcus

ENTEROVIRULENT ESCHERICHIA COLI
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GROUP (EEC Group)

e Lscherichia coli - enterotoxigenic (ETEC)

e Escherichia coli - enteropathogenic (EPEC)

e Escherichia coli O157:H7 enterohemorrhagic (EHEC)
e Escherichia coli - enteroinvasive (EIEC)

PARASITIC PROTOZOA and WORMS

e Giardia laimblia

o Entamoeba histolytica

o Cryptosporidium parvuin

o Cyclospora cayetanensis

o Anisakis sp. and related worms

e Diphyllobothrium spp.

e Nanophyetus spp.

o Eustrongylides sp.

o Acanthamoeba and other free-living amoebae
o Ascaris lumbricoides and Trichuris trichiura

VIRUSES

o Hepatitis A virus

o Hepatitis E virus

e Rotavirus

o Norwalk virus group
o Other viral agents

NATURAL TOXINS

 Ciguatera poisoning

o Shellfish toxins (PSP, DSP, NSP, ASP)

e Scombroid poisoning

¢ Tetrodotoxin (Pufferfish)

e Mushroom toxins

o Aflatoxins

e Pyrrolizidine alkaloids

¢ Phytohaemagglutinin (Red kidney bean poisoning)
o Grayanotoxin (Honey intoxication)

OTHER PATHOGENIC AGENTS

e Prions 274

http://www.cfsan.fda.gov/~mow/intro.html



FDA/CFSAN Bad Bug Book: Introduction to Foodborne Pathogenic Microorganisms and Natural To...

APPENDICES

e Infective dose

« Epidemiology summary table

o Factors affecting microbial growth in foods

e Foodborne Disease Outbreaks, United States 1988-1992

o Additional Foodborne Disease Qutbreak Articles and Databases.

Foods Home | FDA Home | HHS Home | Search/Subject Index | Disclaimers & Privacy
Policy | Accessibility/Help

Hypertext last updated by las/dav 2003-JAN-30
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‘oodborne Illness: Ten Least Wanted Foodborne Pathogens

Four Steps

Success Storles

Foodborne llin

Store

About Us

Links

Home

Register tobe a ¢
BACFighter!

For More Information ...

USDA's Meat and Poultry
Hotline:

1-888-MPHotline (1-888-674-

6854)

FDA's Food Safety
Information Hotline:
1-888-SAFEFOOD (1-888-
723-3366) 24 hr

tp:/fiwww fightbac.org/10least.cfm

! é/ Partnership for Food Safety Education

(",.Ef"'““’"')k Media }L st

Foodborne Illness: Ten
Least Wanted Foodborne
Pathogens

Updated on April 10, 2003

The U.S. Public Health Service has
identified the following microorganisms as
being the biggest culprits of foodborne
illness, either because of the severity of the
sickness or the number of cases of illness

they cause. Beware of these pathogens:
Fight BAC!

LEARN WHERE THEY ARE AND
HOW TO AVOID THEM

/
B Campylobacter
B Most common bacterial cause of
ol diarrhea in the United States;
ources: raw and undercooked

meat and poultry, raw milk and untreated
water

A Clostridium botulinum

' This organism produces a toxin

‘which causes botulism, a life-
sl Dthreatening illness that can

prevent the breathing muscles from moving
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air in and out of the lungs. Sources: home- G
prepared foods and herbal oils; honey "
should not be fed to children less than 12 R
months old O

4 E. coli O157:H7

8 A bacterium that can produce a
deadly toxin and causes

- B approximately 73,000 cases of
foodbome illness each year in the U.S.;
Sources: meat, especially undercooked or
raw hamburger, produce and raw milk

bl Listeria monocytogenes

Bl Causes listeriosis, a serious
& disease for pregnant women,
newborns and adults with a
weakened immune system; Sources: soil
and water. It has been found in dairy
products including soft cheeses as well as
in raw and undercooked meat, in poultry
and seafood, and in produce

<. Norovirus

# This virus is the leading cause
" of diarrhea in the United States.
Any food can be contaminated
with norovirus if handled by someone who
is infected with this virus.

foodbome illness a year; Sources: raw and
undercooked eggs, undercooked poultry
and meat, dairy products, seafood, fruits
and vegetables
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ThlS bacterium produces a toxin
that causes vomltmg shortly

foods high in protein (e.g. cooked ham,
salads, bakery products, dairy products)

Shigella
By Causes an estimated 300,000

cases of diarrhea illnesses. Poor
hygiene causes Shigella to be
easily passed from person to person.
Sources: salads, milk and dairy products,
and unclean water.

Toxoplasma gondii
A parasite that causes
d toxoplasmosis, a very severe

- disease that can produce central
nervous system disorders particularly
mental retardation and visual impairment in
children. Pregnant women and people with
weakened immune systems are at higher
risk; Sources: meat, primarily pork

j| Vibrio vulnificus

Causes gastroenteritis or a

N syndrome known as primary
septicemia. People with liver
dlseases are especially at high risk;
Sources: raw or undercooked seafood

For more information on these and other
foodborne pathogens, check out the "Bad
Bug Book" on the World Wide Web at:
http://vm.cfsan.fda.gov/~mow/intro.html.
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About Us

Links

Home

Register to be a &%
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For More Information. ..

USDA's Meat and Poultry
Hotline:

1-888-MPHotline (1-888-674-
6854)

FDA's Food Safety
Information Hotline:
1-888-SAFEFOQD (1-888-
723-3366) 24 hr

http://www fightbac.org/bug.cfm
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Disease and

Botulinum toxin
(produced by
Clostridium
botulinum bacteria)

284

bacteria are
wide-spread.
But these
bacteria produce
toxin only in an
anerobic
(oxygenless)
environment of
little acidity.
Found in a
considerable
variety of
canned goods,
such as corn,
green beans,
soups, beets,
asparagus,
mushrooms,
tuna, and liver
paté. Also in
luncheon meats,
ham, sausage,
stuffed eggplant,
lobster, and

Organism Source of Symptoms
That Causes It Illness
Bacteria
Botulism Spores of these [Onset: Generally

4-36 hours after
eating.

Symptoms:
Neurotoxic
symptoms,
including double
vision, inability to
swallow, speech
difficulty, and
progressive
paralysis of the
respiratory
system.

Get Medical
Help
Immediately.
Botulism Can Be
Fatal.
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shellfish). The
Listeria bacteria
resist heat, salt,
nitrite, and
acidity better
than many other
micro-
organisms. They

smoked and
salted fish.
Campylobacteriosis {Bacteria on Onset: Generally
poultry, cattle, [2-5 days after
_C?mpyl‘)bade” and sheep can |eating.
jejuni contaminate
meat and milk |Symptoms:
of these Diarrhea,
animals. Chief |abdominal
raw food cramping, fever,
sources: raw and sometimes
poultry', meat, blOOdy stools.
and Lasts 7-10 days.
unpasteurized
milk.
Listeriosis Found in soft  |Onset: From 7-
cheese, 30 days after
Listeria unpasteurized |eating, but most
monocytogenes milk, imported [symptoms have
seafood been reported 48-
products, frozen |72 hours after
cooked crab consumption of
meat, cooked contaminated
shrimp, and food.
cooked surimi
(imitation Symptoms:

Fever, headache,
nausea, and
vomiting.
Primarily affects
pregnant women
and their fetuses,
newborns, the
elderly, people

285

survive and with cancer, and
grow at low those with
temperatures. impaired immune
systems. Can
cause fetal and
infant death.
Perfringens food  |In most Onset: Generally
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coconut, pasta
and chocolate
are most
frequently
involved.

poisoning instances, 8-12 hours after
caused by eating.
Clostridium failure to keep
perfringens food hot. A few |[Symptoms:
Organisms are Abdominal pain
often present and diarrhea, and
after cooking ~ |[sometimes nausea
and multiply to |and vomiting.
toxic levels
during cool Symptoms last a
down and day or less and
storage of are usually mild.
prepared foods. |Can be more
Meats and meat [SCTiOUS in older or
products are the debilitated
foods most people.
frequently
implicated.
These
organisms grow
better than other
bacteria
between 120-
130°F. So
gravies and
stuffing must be
kept above 140°
F.
Salmonellosis Raw meats, Onset: Generally
poultry, milk 8-12 hours after
Salmonella bacteria and other dairy eaﬁng.
products,
shrimp, frog Symptoms:
legs, yeast, Abdominal pain

and diarrhea, and
sometimes nausea
and vomiting.
Symptoms last a
day or less and
are usually mild.
Can be more
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serious in older or

debilitated
people.
Shigellosis Found in milk |Onset: 1-7 days
(bacillary dysentery)|and dairy after eating.
products,
Shigella bacteria poultry, and Symptoms:
potato salad. ~ |[Abdominal
Food becomes  [cramps, diarrhea,
contaminated |fever, sometimes
when a human [Vomiting, and
carrier does not |blood, pus, or
wash hands and [mucus in stool.
then handles
liquid or food
that is not
thoroughly
cooked
afterwards.
Organisms
multiply in food
left at room
temperature.
Staphylococcal food [Toxin produced {Onset: Generally
poisoning when food 30 minutes-8
contaminated  |hours after eating.
Staphylococcal with the bacteria
enterotoxin is left too long  [Symptoms:
(produced by at room Diarrhea,
Staphylococcus temperature. vomiting, nausea,
aureus bacteria) Meats, poultry, abdominal pain,
egg products, ~ [cramps, and
tuna, potato and [prostration. Lasts
24-48 hours.

macaroni salads,
and cream-filled
pastries are
good
environments
for these
bacteria to
produce toxin.

Rarely fatal.
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Vibrio Infection

Vibrio vulnificus

The bacteria live
in coastal waters
and can infect
humans either
through open
wounds or
through
consumption of
contaminated
seafood. The
bacteria are
most numerous

Onset: Abrupt.

Symptoms:
Chills, fever,
and/or
prostration. At
high risk are
people with liver
conditions, low
gastric (stomach)
acid, and
weakened
immune systems.

Giardia lamblia

288

associated with
consumption of
contaminated
water. May be
transmitted by
uncooked foods
that become
contaminated
while growing
or after cooking
by infected food

in warm
weather.
Protozoa
Amebiasis Exist in the Onset: 3-10 days
intestinal tract  [after exposure.
Entamoeba of humans and
histolytica are expelled in [Symptoms:
feces. Polluted [Severe crampy
water and pain, tenderness
vegetables over the colon or
grown in liver, loose
polluted soil ~ |morning stools,
spread the recurrent
infection. diarrhea, loss of
weight, fatigue,
and sometimes
anemia.
Giardiasis Most frequently [Onset: 1-3 days.

Symptoms:
Sudden onset of
explosive watery
stools, abdominal
cramps, anorexia,
nausea, and
vomiting.
Especially infects
hikers, children,
travelers, and
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handlers. Cool,
moist conditions
favor organism's
survival.

institutionalized
patients.

Virus

Hepatitis A virus

Mollusks
(oysters, clams,
mussels,
scallops, and
cockles) become
carriers when
their beds are
polluted by
untreated
sewage. Raw
shellfish are
especially
potent carriers,
although
cooking does
not always kill

the virus.

Symptoms and
Onset: Begins
with malaise,
appetite loss,
nausea, vomiting,
and fever.

After 3-10 days
patient develops
jaundice with
darkened urine.
Severe cases can
cause liver
damage and
death.

Site design & development by NetStrategies

http://fwww.fightbac.org/bug.cfm
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Community Activity
Everyone Can Fight BAC!TM

THE INVISIBLE ENEMY:
BACTERIA

Despite the fact that America's food
supply is among the safest in the world,
the unappetizing fact is that sometimes,
the food we eat can make us sick.
Why? Because under the right
conditions, an invisible enemy called
"BAC" (bacteria) may be present on
foods when purchased or get into food
during preparation, cooking, serving or
storage. In fact, even though we may
not see BAC - or smell him or feel him
- this creature and millions more like
him may already be on a sponge, a
cutting board, or the food itself.

Most cases of food-related illness can
be prevented if everyone who handles
and prepares food learns how to Fight
BAC!TM Although BAC is
everywhere, he can be stopped with a
little know-how and such everyday
weapons as soap and hot water, a
refrigerator and a food thermometer.

BAC:The FACTS

Scientists have been studying bacteria
and other tiny organisms that cause
food-related illness for a long time.
They have learned these important

292
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facts:

e Bacteria are a part of all living
things and are found on all raw
agricultural products;

o Harmful bacteria can be
transferred from food to people,
people onto food, or from one food
to another;

¢ Bacteria can grow rapidly at room
temperature;

e Growth of harmful bacteria in food
can be slowed or stopped by
refrigerating or freezing;

e Food-related illness can produce
symptoms from mild to very
serious. Illness can occur from 30
minutes to two weeks after eating
food containing harmful bacteria;

e People who are most likely to
become sick from food-related
illness are infants and young
children, senior citizens and
people with weakened immune
systems.

FIGHTING BAC!: FOUR SIMPLE
STEPS

To Fight BAC!TM, food safety experts
recommend that everyone think about
food safety at each step in the food
handling process - from shopping to
storing leftovers. What this really
means is always following these four
simple steps:

CLEAN - Wash hands, utensils and
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Community Activity

surfaces in hot soapy water before and
after food preparation, and especially
after preparing meat, poultry, eggs or
seafood to protect adequately against
bacteria. Using a disinfectant cleaner or
a mixture of bleach and water on
surfaces and antibacterial soap on
hands can provide some added
protection.

SEPARATE - Keep raw meat, poultry,
eggs and seafood and their juices away
from ready-to-eat foods; never place
cooked food on a plate that previously
held raw meat, poultry, eggs or
seafood.

COOK - Cook food to the proper
internal temperature (this varies for
different cuts and types of meat and
poultry) and check for doneness with a
food thermometer. Cook eggs until
both the yolk and white are firm.

CHILL - Refrigerate or freeze
perishables, prepared food and
leftovers within two hours and make
sure the refrigerator is set at no higher
than 40°F and that the freezer unit is set

at O°F.

So, don't risk problems when these
simple steps will help you reduce food-
related illness.

WE HAVE THE POWER TO
FIGHT BAC!

Site design & development by NetStrategies

http://www.fightbac.org/factsht.cfm
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M4k 55 ~ FDA f§ 4 (A Tour of FDA )

A Tour of FDA

The Food and Drug Administration (FDA) touches the lives of virtually every
American, every day. FDA regulates a host of products, from the most common food
ingredients to complex medical and surgical devices, lifesaving drugs, and
radiation-emitting consumer and medical products. These products are worth about
a trillion dollars a year and make up 25% of all consumer spending.

Most of the Agency’s nearly 10,000 employees are scientists, consumer safety
officers, medical officers, and other professionals. FDA’s budget is $1.6 billion a year,
or about $4 a year per taxpayer.

After completing this course, you will be able to recognize FDA’s public health
mission and how the Agency is organized to carry out its mission. You will be able to
recognize the history of FDA and the products that it regulates. You will also
recognize the work of FDA’s program Centers and offices, and how the Agency
enforces its regulations.

This course addresses the following:

Food and Drug Administration Home Page
http://iwww.fda.gov/

21 CFR, Chapter 9
Federal Food, Drug, and Cosmetic Act
http://'www.access.gpo.gov/uscode/uscmain.html

Food and Drug Administration Modernization Act of 1997
http://'www.fda.gov/cdrh/modact97.pdf

What is FDA?

A federal science-based law enforcement agency mandated to protect public health

and safety

The mission
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The FDA Modernization Act (FDAMA) of 1997 affirmed FDA's public health protection
role and defined the Agency’s mission:

to promote public health by promptly and efficiently reviewing clinical
research and taking appropriate action on the marketing of regulated

products in a timely manner.

to protect public health by ensuring: foods are safe, wholesome, sanitary,
and properly labeled; human and veterinary drugs are safe and effective;
there is reasonable assurance of the safety and effectiveness of devices
intended for human use; cosmetics are safe and properly labeled; and public
health and safety are protected from electronic prodﬁct radiation.

to participate with representatives of other countries to reduce the burden of
regulation, coordinate regulatory requirements, and achieve appropriate
equivalent arrangements.

o as determined to be appropriate by the Secretary of Health and Human
Services, to carry out the tasks above by consulting with experts in science,

medicine, and public health, and by cooperating with consumers, users,

manufacturers, importers, packers, distributors, and retailers of regulated

products.

FDA accomplishes its mission by establishing and enforcing high product standards
and other regulatory requirements authorized or mandated by the Federal Food,
Drug and Cosmetic Act (FD&C Act), its amendments, and other public health laws.

A brief history

FDA is one of our nation’s oldest public health agencies. Drag the red slider to learn
more about the history of FDA.

With more than 80% favorable rating in public opinion polls, the Agency is
cooperating with it stakeholders in the US and abroad to continue protecting
consumers and the public health in the new area of technological and scientific
advances.

In the wake of terrorist attack on September 11, 2001, FDA has also been entrusted
with two critical functions in the nation’s war on terrorism:

* To prevent the willful contamination of all regulated products, including foods.
* To improve the availability of medications to prevent or treat injuries caused by

biological, chemical or nuclear agents.
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Regulated products

Products regulated by FDA include: all foods except for meat and poultry [regulated
by the US Department of Agriculture (USDA)]; prescription and non-prescription
drugs; blood products, vaccines, and tissues for transplantation; medical devices
and radiological products, including cellular telephones; animal drugs and feed; and
cosmetics.

Areas that FDA does not handle include restaurant food and sanitation, air or water
pollution, alcoholic beverages, and drug abuse. Although FDA doesn't directly
regulate restaurant food and sanitation, it develops the policies (model code) that
local authorities use. FDA also plays a strong role in the training of local
investigators conducting restaurant inspections. Although FDA does not regulate
pesticides, it does regulate products that are contaminated with pesticides. FDA
doesn’t regulate the practice of pharmacies or medical practitioners either, but
there are certain sales and distribution practices of pharmacies and doctors that it
does regulate.

Does FDA regulate product labeling?

In addition to setting product standards, FDA regulates the labeling of products
under its jurisdiction. This information, which must be valid, well documented, and
not misleading, plays a major role in protecting consumers and the public health.
The FDA-regulated food label helps shoppers eat a healthy diet, and the labeling of
drugs and medical devices gives prescribers and patients reliable guidance about
the safety and effectiveness of healthcare products.

The next time you are in a grocery store, compare the nutritional information labels
on three different foods or drinks. You will notice that the format and content of the
labels are the same. FDA requires food producers to provide this specific information
in the exact format that you see. So whether you are buying bottled water or a
package of cupcakes, you — the consumer — are provided with nutritional
information that can help you determine how that product fits into your dietary
needs.

Reporting
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FDA welcomes consumer reports and complaints about regulated products. Timely
reporting by consumers, health professionals, and FDA-regulated companies allows
the Agency to take prompt action. Information concerning ways for the public to
report problems to FDA can be found on the FDA’s Web site at:

http://www.fda.gov/opacom/backgrounders/problem.html
A collection of FDA-enforced laws and related statutes can be found at:

http://www.fda.gov/opacom/laws/lawtoc.htm

How is FDA organized?

Into 8 offices and program centers

Office of the Commissioner

The FDA falls within the executive branch of the US government, under the
Department of Health and Human Services (DHHS). FDA is headed by the
Commissioner of Food and Drugs, who is appointed by the President of the United
States, confirmed by the US Senate, and serves at the President’s discretion. The
Office of the Commissioner (OC) oversees all the Agency’s components and is
responsible for the efficient and effective implementation of FDA’s mission.

The Office of the Commissioner is made up of several components. Among these

are:
Office Responsibilities
Office of the Chief Council Handles of the Agency’s legal matters

Office of Policy, planning, and Legislation|Responsible for managing the Agency’s
policies

Office of International and Constituent |Responsible for special health issues,

Relations consumer affairs, and international
programs

Office of External Relations The Agency’s primary point of contact for,
the news media

Office of the Ombudsman Services are available to any company or
individual with a dispute with FDA

Office of Crisis Management The Agency’s focal point for coordinating

emerhency and crisis response activities
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r and counter-terrorism activities

Office of Regulatory Affairs

The Office of Regulatory Affairs (ORA) is the lead office for FDA'’s field activities.
Headed by Associate Commissioner for Regulatory Affairs (ACRA), John M. Taylor
III, the Office of Regulatory Affairs strives to achieve effective and efficient
compliance of regulated products through high-quality, science-based work that
maximizes consumer protection.

Specialized program Centers

FDA non-field activities are organized into several specialized program Centers that

are responsible for protecting the public’s health. Click on each dot in the image
below to learn more about these Centers.

1. Center food safety and applied nutrition ( CFSAN )
2. Center for drug evaluation and research ( CDER )

3. Center for biologics evaluation and research ( CBER )

4. Center for Devices and radiological health ( CDRH )
5. National center for toxicological research ( NCTR )

6. Center for veterinary medicine ( CVM ) : CVM’s authority
U ERTHBE 2 BHREH P OREAEE AR CFSAN BAAXKRIAR

1.Center food safety and applied nutrition ( CFSAN )

Foods

CFSAN develops the policy that regulates $240 billion worth of
domestic food, $15 billion worth of imported foods, and $15 billion
worth of cosmetics sold across state lines. This regulation takes place
from the products’ point of US entry or processing to their point of sale,
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with approximately 50,000 food establishments and 3,500 cosmetic
firms. These figures do not include the roughly 600,000 restaurants
and institutional food service establishments and the 235,000
supermarkets, grocery stores, and other food outlets regulated by
state and local authorities that receive guidance, model codes, and
other technical assistance from FDA. FDA enhances its programs by
supporting state and local authorities with training and guidance to
ensure uniform coverage of food establishments and retailers.

CFSAN is organized into several main offices, including the Offices of
Cosmetics and Colors, Food Additive Safety, Plant and Dairy Foods
and Beverages, Seafood, and Nutritional Products, Labeling, and
Dietary Supplements.

CFSAN has several responsibilities:

e Safety of food substance : Safety of food substance (e.g., food

additives, including ionizing radiation and color additives) and the
safety of foods and ingredients developed through biotechnology.

e Seafood HACCP: Seafood Hazard Analysis and Critical Contro! Point

(HACCP) regulations, and activities dealing with the proper labeling of
foods (e.g., ingredients, nutrition health claims) and comestics.

e Regulatory and research programs: Regulatory and research

programs to address health risks associated with foodborne chemical
and biological contaminants, and regulations and policies governing
the safety of dietary supplements, infant formulas and medical foods.

e Education: consumer education and industry outreach, cooperative

programs with state and local governments, and international food
standard and safety harmonization efforts.

Ensuring food safety
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A food is contaminated and considered adulterated if it contains a
poisonous or harmful substance that could cause a health risk. Also, if
a food has been prepared, packed, or stored in unsanitary conditions,
it is considered a heaith risk.

FDA has several tools at its disposal to ensure that our food supply is
safe:

e Monitoring and inspection: ORA’s consumer safety officers (CSO's)

inspect food production establishments and food warehouses. These
inspections may be random or directed due to a complaint or CFSAN
program goal. FDA also monitors imported foods. Formal agreements
with the states for conducting inspections enhance the Center the
ability to meet its public health mission.

e Sample collection: CSO’s may collect samples to determine if any

contaminants are presented in unacceptable amounts. These samples
are then tested at a laboratory and analyzed for physical, chemical,
and microbial contamination.

e Corrective action: If an unacceptable amount of contaminant is

identified, FDA will take corrective action to enforce food safety
regulations.

e Premarket review: Food and color additives must be reviewed by

CFSAN before they can be marketed.

e Studies and research: CFSAN uses consumer studies and focus

groups, laboratory research, and pilot plants for food processing and
packaging and biotechnology studies in order to collect and analyze
information regarding food safety.
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@ Qutreach: CFSAN enhances stakeholder awareness through

education and public meetings, cooperative activities and technical
assistance, and information and outreach on Center activities.

Cosmetic safety

FDA is only able to regulate cosmetics after products are released to the
marketplace. Neither cosmetic products nor cosmetic ingredients are reviewed or
approved by FDA before they are sold to the public.

FDA cannot require companies to do safety testing of their cosmetic products before
marketing. If, however, the safety of a cosmetic product has not been substantiated,
the product’s label must read “"WARNING: The safety of this product has not been
determined.”

USDA

FDA does not monitor meat and poultry, which are regulated by the US Department
of Agriculture (USDA) and monitored by its Food Safety and Inspection Service
(FSIS). Thanks to the efforts of FDA, FSIS, and scores of state and local public
health authorities, the US has one of the world’s safest food supplies.

2.Center for drug evaluation and research ( CDER)

Fulfilling the mission

CDER fulfills its mission by overseeing the research, development, manufacture,
and marketing of drugs. It reviews the clinical trial evidence of the safety and
effectiveness of new drugs before approving them for marketing and monitors their
performance for unexpected health risks. CDER ensures that drug labeling, drug
information for patients, and drug promotion are truthful, helpful, and not
misleading.

CDER is organized into four main functional areas:

1. New drug development and review

2. Post- market drug surveillance
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3. Generic drug review
4. Over-the-counter drug review

Good Manufacturing Practices

To make sure that drugs are manufactured to the same high standards that are
required for their approval, FDA has developed a set of regulations called the
current Good Manufacturing Practices (CGMPs). The law requires ORA's periodic
inspections of all drug firms for compliance with CGMPs.

Adverse event reporting

FDA maintains several reporting systems that alert the Agency to side effects that
were not detected during clinical trials, but emerged when the product became
widely used. One of these programs is CDER’s MedWatch, which encourages health
professionals to report serious adverse events involving any medical product
(including drugs, devices, and biologics). If necessary, FDA can take regulatory
actions to protect consumers. Regulatory actions may include restrictions on the
product’s use or its withdrawal from the market. About 1%-3% of products
approved each year have to be removed later because of rare, but serious side
effects.

Prescription Drug User Fee Act (PDUFA)

In the Prescription Drug User Fee Act of 1992 (PDUFA) the US Congress,
pharmaceutical industry, and FDA agreed on specific review goals for certain drugs
and biologics, to be achieved with the help of user fees paid to FDA by the products’
manufacturers. The program has been instrumental in reducing FDA’s median drug
review times by more than one-half. Today, typical drug applications are processed
by FDA in one year or less; priority applications for breakthrough medications are
usually approved in six months.

PDUFA user fees, however, do not cover FDA’s expenses connected with generic and

non-prescription drugs, plant inspections, post-market surveillance, and monitoring
of drug advertisements.

Do all drugs have side effects?
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Every drug that affects the body has some side effects. Since FDA approves only
those drugs whose benefits outweigh their risks, the side effects of properly used
drugs usually are not serious. To further mitigate the potential risks, FDA includes
emphatic warnings about possible adverse events in product labeling and drug
information that are routinely included with the packaged product

Accelerated approval

Many of the drugs currently used to treat life-threatening conditions, such as cancer,
were approved through an accelerated FDA review process. In accelerated approval,
FDA approves the drug on the condition that the applicant studies and reports
findings of the clinical benefit of the drug. FDA continues to review new information
and data about these drugs as the data becomes available. If the findings are
negative, the appropriate actions are taken.

3.Center for biologics evaluation and research ( CBER)

Regulating biologics

CBER's activities include:

monitoring the pre-clinical and clinical testing of new biological products,
and evaluating their safety and effectiveness before marketing.

licensing biological products and manufacturing establishments, including
blood banks.

research on AIDS medications, diagnostic tests, and vaccines.

» compliance monitoring, lot releasing, and post-market surveillance.

CBER is organized into the Offices of Communication, Training, and Manufacturing
Assistance; Blood Research and Review; Vaccines Research and Review; Cellular,
Tissue, and Gene Therapies; and Compliance and Biologics Quality.

Approving a biologic

CBER staff reviews clinical research and laboratory testing data to determine if the
biologic is safe and effective for its intended use. In order for a biological product to
be approved for marketing in the US, an applicant must submit a Biologics License
Application (BLA). The BLA must include information on the following:

o animal studies and human clinical trials performed.
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« how the biologic is manufactured, processed, and packaged, including
information on the quality control methods used during its manufacture.
« labeling that will be used with the product.

Once a biological product is approved, its identity (or make up) and manufacturing
process cannot change without prior FDA approval.

Blood supply

Assuring the safety of, and the public confidence in, the nation’s blood supply is one
of CBER’s main priorities. There are five overlapping safeguards in place to help
protect the safety of blood.

1/. Quarantine of untested blood
Blood products may not be used until all test results are back.
2/. Donor screening:
A screener must ask donors about their health and risk factors.
3/. Donor deferral registries
Establishments must check donor names against a current list of
deferred donors.
4/. Blood testing
Blood is tested for infectious disease.
5/. Investigation of problems
Establishments must investigate breeches of safeguards and correct
any deficiencies.

4.Center for Devices and radiological health (CDRH) :

Medical devices

The FD&C Act defines a medical device as any healthcare product that does not
achieve its principa! intended purposes by chemical action or by being metabolized.

Under this definition, a “device” can be as simple as a tongue depressor or a
thermometer, or as complex as a kidney dialysis machine. Medical devices are
classified and regulated according to their degree of risk to the public.

Regulatory classes
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Because each device is different, FDA establishes three different regulatory classes
to ensure that each device is subject to regulations that are appropriate.

1/. General Controls

2/. Special Controls

3/. Premarket Approval

5.Center for veterinary medicine ( CVM ) : CVM’s authority

CVM's authority is derived from the FD&C Act, which was amended in 1968 to
include sections that specifically address animal drugs. These amendments were
designed to ensure that animal drugs and medicated feed are safe and effective for
their intended uses, and that they do not leave any unsafe drug residues in foods,
such as eggs or milk.

In partnership with other federal and state agencies, CVM protects animal health
and the safety of human food derived from animals. One of CVM’s highest priorities
is ensuring the safety of the food supply. This is accomplished primarily by
preventing Bovine Spongiform Encephalopathy (i.e., BSE or mad cow disease),
countering the risk of food-associated antibiotic resistance in humans, and ensuring
the safety of food derived from genetically modified animals.

Requirements for animal drugs

CVM'’s staff is organized into major functional areas:
1/. Premarketing

2/. Investigational New Animal Drug exemption (INAD)
3/. New Animal Drug Application review (NADA)

4/. Post- marketing

5/. Research

6.National center for toxicological research ( NCTR ) : Strategic

goals

NCTR's fundamental and applied research is designed to find the underlying
biological issues that cause toxicity in products regulated by FDA. The Center’s goals
include:

« developing new strategies and methods to test/predict toxicity and
assess/detect risk for FDA-regulated products, both new and those already
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on the market.

« developing computer-based systems (knowledge bases) that predict human
risk to enhance the efficiency and effectiveness of premarket product
TeViews.

» conducting research to understand mechanisms of toxicity, assess new
product technology, and provide methods for use in FDA standards
development and product risk surveillance.

How NCTR meets its goals

1/. Achieving the goals: by 8 research areas (biochemical toxicology, biometry and
risk assessment, chemistry, neurotoxicology, molecular epidemiology, genetic
and reproductive toxicology, microbiology, and veterinary services)

2/. Using new scientific technology: by 5 centers (Functional Genomics, Structural
Genomics, Toxicoinfomatics, Phototoxicology, and Hepatoxicology)

What is ORA’s mission? ( The Office of Regulatory Affairs (ORA) is the
lead office for FDA’s field activities)

To ensure that FDA-requlated products comply with appropriate public health
laws and regulations

Compliance

ORA'’s principal job is to survey and inspect regulated firms in order to assess their
compliance with public health laws. ORA’s compliance strategies include: providing
information to industry; highlighting areas of significant violations and impact on
public health; prioritizing and targeting high-risk areas; cooperating with state and
local public health authorities and regulators; and focusing on covering products
imported into the US through border coverage and foreign inspections.

ORA is responsible for the following:

» managing and operating the field offices.

» coordinating and managing all Agency field operations.

« providing advice and assistance on regulations and compliance policy
matters that impact policy development, implementation, and long-range
goals.

» working with additional federal agencies on issues of compliance and
evaluating proposed legal actions.

 directing and conducting criminal investigative activities in coordination
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with FDA headquarters units and other federal, state, and local law
enforcement agencies.

Headquarters Offices

ORA Headquarters is composed of four offices. Each office has its own
responsibilities, but they all work together to achieve ORA’s mission. Click on each
button below to learn more about the responsibilities of ORA’s four individual
offices.

1/. Office of Resource Management ( ORM )

2/. Office of Regional Operation { ORO )

3/. Office of Enforcement ( OE)

4/. Office of Criminal Investigation ( OCI )

Field components 7 BR# 45 5 B

ORA'’s field staff is organized into five regions, each of which is headed by a Regional
Food and Drug Director (RFDD).

1.The Pacific Region includes nine states: Montana, Idaho, Washington, Oregon,
California, Nevada, Arizona, Alaska, Hawaii, there are three district offices and two
regional labs in the Pacific Region Z AT REE M EES lab

2.The Southwest Region: Lowa, Nebraska, Wyoming, Utah, Colorado, Kansas,
Missouri, Arkansas, Oklahoma, Texas, and New Mexico are the states in the
Southwest Region. This region includes three domestic district offices, the
Southwest Import District (SWID)

3. The Southeast Region is comprised of eight states: North Carolina, South
Carolina, Tennessee, Georgia, Alabama, Mississippi, Louisiana, and Florida. It also
includes the islands of San Juan. There are four ditrict offices and a regional
laboratory in the Southeast Region.

4. The Central Region: The states of New Jersey, Pennsylvania, Delaware, Maryland,
Virginia, West Virginia, Kentucky, Ohio, Indiana, Illinois, Michigan, Wisconsin,
Minnesota, North Dakota, and South Dakota are in the Central Region. The Central

Region consists of seven district offices and the Forensic Chemistry Center.

5.The Northeast Region encompasses the states of Maine, New Hampshire,

Vermont, New York, Massachusetts, Connecticut, and Rhode Island. It consists of
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two district offices, a regional lab, and the Winchester Engineering and Analytical
Center (WEAC).

Public cooperation

Each ORA district office has specific field personnel available to receive and handle
calls from consumers and other stakeholders.

+ Consumer Complaint Coordinators cover a specific geographic area. A list
of these contact phone numbers can be found at:

http://www.fda.gov/opacom/backgrounders/complain.html

o Public Affairs Specialists help answer a variety of questions and provide
information about FDA. A listing of these people can be found at:

http://www.fda.gov/ora/fed_state/dfsr_activities/fdapas.html

Small Business Representatives can be found in each ORA region. Small Business
Representatives provide technical assistance to small companies, hold exchange
meetings to hear the views and perspectives of small businesses, conduct
educational workshops, develop informational materials, and provide an accessible,

efficient channel through which small businesses can acquire information from the
FDA. A contact list can be found at:
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Overview of the Office of Regulatory Affairs

Last Update: December 6, 2002

Organization Overview

The Office of Regulatory Affairs (ORA) is the lead office for all Field activities of the Food
and Drug Administration. The map above shows the regions of the organization (note: the
"Midwest" and "Midatlantic" regions were merged into a "Central Region".) The duties and
functions of the Office and components of ORA can be viewed by clicking on the component
name in the list below. The offices that report directly to ORA are shown here in UPPER
CASE. Divisions within each office are in lower case. The letter-number combinations
"HFC-xx" are mail routing symbols.
OFFICE OF REGULATORY AFFAIRS (HFC-1)
OFFICE OF RESOURCE MANAGEMENT (HFC-10)

Division of Management Operations (HFC-20)

Division of Information Systems (HFC-30)

Division of Planning, Evaluation, & Management (HFC-40)
Division of Human Resource Development (HFC-60)

OFFICE OF REGIONAL OPERATIONS (HFC-100)
Division of Emergency & Investigational Operations (HFC-130)
Division of Field Science (HFC-140)

Division of Federal - State Relations (HFC-150)
Division of Import Operations (HFC-170)
OFFICE OF ENFORCEMENT (HFC-200)
Division of Compliance Management & Operations (HFC-210Q)

Division of Compliance Policy HFC-230)

Medical Product Quality Assurance Staff (HFC-240)
OFFICE OF CRIMINAL INVESTIGATIONS
REGIONAL & DISTRICT OFFICE CONTACTS
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OFFICE OF REGULATORY AFFAIRS

a. Advises and assists the Commissioner and other key officials
on reguiations and compliance-oriented matters that have an
impact on Policy development and execution, and long-range

program goals.

b. Coordinates, interprets, and evaluates the Agency's overall
compliance efforts; as necessary, establishes compliance

policy or recommends policy to the Commissioner.

c. Stimulates an awareness within the Agency of the need for
prompt and positive action to assure compliance by regulated
industries; works to assure an effective and uniform balance
between voluntary and regulatory compliance and Agency

responsiveness to consumer needs.

d. Evaluates and coordinates all proposed legal actions to
ascertain compliance with regulatory policy and enforcement

objectives.

e. Executes direct line authority over all Agency field
operations, develops, issues, approves, or clears proposals
and instructions affecting field activities; serves as the
central point within the Agency through which Headquarters

offices obtain field support services.

f.  Provides direction and counsel to Regional Food and Drug
Directors in the implementation of policies and operational
guidelines that form the framework for management of Agency

field-activities.

g. Develops, and/or recommends to the Commissioner policy,
programs, and plans for activities between the Agency and
State and local agencies; administers the Agency's overall
Federal-State program and policy, coordinates the program

aspects of Agency contracts with State and local counterpart

316



agencies.

h. Evaluates the overall management and capabilities of the
Agency's field organization; initiates action to improve the
management of field activities and coordinates the

formulation and management of career development plans.

i. Directs and coordinates the Agency's emergency preparedness

and civil defense programs.

j. Operates the Federal Medical Products Quality Assurance
Program for the Agency.

OFFICE OF RESOURCE MANAGEMENT (HFC-10)

a. Serves as the Agency lead office, in cooperation with the
Office of Health Affairs,in initiating, coordinating, and
offering specific regulatory bilateral agreements and

Memoranda of Understanding (MOUS) to foreign countries.

b. Provides policy direction to other Agency components in the
initiation, development, and recommendation of specific
domestic regulatory bilateral agreements and MOUs with other

governments.

¢. Provides technical input for the Office of Regulatory
Affairs quality assurance program as it pertains to assuring
the consistency and adequacy of field investigational and

inspectional operations.

d. Develops proposed overall field manpower allocations and
long- and short-range operational program plans; identifies
management data requirements for information systems;
analyzes and evaluates field performance data and overall

accomplishments.

e. Advises the Associate Commissioner and the Regional Food and
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Drug Directors on all areas of management, including
financial management, management analysis, and

administrative operations.

f. Designs, develops, and manages the equal employment
opportunity program and a comprehensive career development
and training program for the Office of Regulatory Affairs

Headquarters, field employees and State employees.

g. Develops and implements nationwide information storage and

retrieval systems for data originating in the field offices.

Division of Management Operations (HFC-20)

Division of Information Systems (HFC-30)

Division of Planning, Evaluation, & Management
(HFC-40)

Division of Human Resource Development

(HFC-60)

OFFICE OF REGIONAL OPERATIONS (HFC-100)

a. Coordinates and manages all Agency field operations on
behalf of the Associate Commissioner; develops, issues,
approves, or clears proposals and instructions affecting
field activities; serves as the central point within the
Agency through which Headquarters offices obtain field

support services.

b. Establishes field compliance and enforcement posture, based

on Agency policy.
c. Develops and/or recommends to the Associate Commissioner

policy, programs, and plans for activities between the

Agency and State and local agencies; administers the
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Agency's overall Federal-State program and policy;
coordinates the program aspects of FDA contracts with State

and local counterpart agencies.

Coordinates field consumer affairs and information programs;
distributes timely information to the field; coordinates

activities with Agency counterpart organizations.

Coordinates nationwide health fraud activities between the

field, States, and Headquarters organizations.

Evaluates the overall management and capabilities of the
Agency's field organization; initiates action to improve the

management of field activities.

Serves as the Agency focal point in developing and
maintaining international regulatory policy and activities

to assure the safety, efficacy, and wholesomeness of various
imported products. Coordinates Agency procedures with
Headquarters and field offices and is the primary contact
with U.S. Customs Service and other Federal agencies
responsible for regulating imported products and assuring

consistent programs among those offices.

Develops and/or recommends to the Associate Commissioner
policy, program, and plans for applied research that relates
to Agency enforcement problems and that will be conducted
by field installations; coordinates such research efforts

with appropriate agency components.

Directs and coordinates the Agency's emergency preparedness

and civil defense programs.

Provides other Agency components with laboratory support in

various highly specialized areas.

Recommends priorities for all field construction, repair,

improvement, and renovation and recommends short- and
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long-range field facility utilization plans.

Division of Emergency & Investigational Operations (HFC-130)

Division of Field Science (HFC-140)

Division of Federal - State Relations (HFC-150)

Division of Import Operations (HFC-170)

OFFICE OF ENFORCEMENT (HFC-200)

Advises and assists the Associate Commissioner and other key
officials on regulations and compliance matters that have an
impact on policy development, implementation, and long range

program goals.

Coordinates, interprets, and evaluates the Agency's overall
compliance efforts; as necessary, establishes compliance

policy and recommends policy to the Associate Commissioner.

Stimulates an awareness within the Agency of the need for
prompt and positive action to assure compliance by regulated
industries; works to assure an effective and uniform balance
between regulatory compliance and Agency responsiveness to

consumer needs.

Acts as liaison with other Federal agencies on Agency
compliance matters and encourages an effective and
appropriate balance between voluntary and regulatory

compliance.
Evaluates and coordinates proposed legal actions to
ascertain compliance with regulatory policy and enforcement

objectives.

Directs and coordinates with the Office of Regional
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Operations (ORO), other Agency components, and Office of the
Chief Counsel, new or novel cases which may be precedent

setting.

g. Resolves appeals when proposed compliance actions are
disapproved by the centers or the Office of the Chief

Counsel.

h.  Coordinates development of the Agency-wide bioresearch
monitoring activities; monitors compliance activities to
assure uniform application of compliance policy; serves as
liaison with other Federal agencies and outside

organizations relating to such Agency wide activates.

i.  Serves as the Agency focal point for activities relating to
the Federal Medical Products Quality Assurance Program and
maintains liaison with other Government agencies procuring
medical subplies; issues final administrative approval for

quality assurance of specific products and firms.

Division of Compliance Management & Operations (HFC-210)

Division of Compliance Policy (HFC-230)

Medical Products Quality Assurance Staff (HFC-240)

Office of Criminal Investigations (HFC-300)

a. Advises and assists the Associate Commissioner and other key
officials on regulations and criminal matters that affect

the Agency.

b. Directs, plans, and develops criminal investigation
activities in coordination with other Agency components and
with other Federal, State, and local law enforcement

agencies.
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c. Develops, coordinates, and implements Agency policy related

to criminal investigations.

d. Initiates and conducts criminal investigations under all
statutes administered by the Food and Drug Administration,
through area offices located throughout the United States;
coordinates assignments involving undercover and

surveillance personnel and activities.

e. Assures coordination of criminal investigation activities
with FDA Regional Field Offices and District Offices and
adherence to Agency's enforcement priorities; develops and
maintains cooperative relationships with field and

Headquarters components.

f. Provides recommendations to the Office of Chief Counsel on
referrals of criminal cases to the Department of Justice for
further inveétigation and/or prosecution, or directly to the

U.S. Attorney when such direct reference is authorized.

g. Develops automated data processing systems to be used for

criminal investigations and related enforcement matters.

h. Develops, reviews, and approves training programs for FDA's

criminal investigators and related personnel.

i. Participates in Grand Jury investigations and serves as

agents of the Grand Jury.

REGIONAL & DISTRICT OFFICE CONTACTS

Contents

ORA Headquarters Offices and Division - Headquarters Offices and Divisions
Field Directory - Regional and District Offices, Laboratories and Resident Posts
Field Monitors - District Office Program Area Specialists and Project Monitors
Change Request Form (see appendix H) - To request changes/corrections

HEADQUARTERS
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Associate Commissioner for Regulatory Affairs

Office of Resource Management

Office of Regional Operations

Office of Enforcement

Office of Criminal Investigations

ORA FIELD DIRECTORY

'NORTHEAST REGION

New York Regional Office

New England Regional Office

i
CENTRAL REGION

Philadelphia Regional Office

Chicago Regional Office

‘Northeast Regional Lab

Winchester Engineering and

‘Forensic Chemistry Center

Philadelphia District

Analytical Center
New England District

New York District
New York City Office

Baltimore District

:Cincinnati District

New Jersey District

Chicago District
:Detroit District

‘Minneapolis District

SOUTHEAST REGION

‘Atlanta Regional Office

Southeast Regional Laboratory
Atlanta District

New Orleans District

Florida District

San Juan District

1

'SOUTHWEST REGION

:Dallas Regional Office
Kansas City Regional Office

:Arkansas Regional Laboratory
Dallas District

Denver District
Kansas City District
Southwest Import District

PACIFIC REGION

'San Francisco Regional Office

Seattle Regional Office

gPacific Regional Laboratory

Northwest

Pacific Regional Laboratory

Southwest
Los Angeles District
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San_Francisco District
Seattle District Office

ORA HEADQUARTERS DIRECTORY
Associate Commissioner for Regulatory Affairs, (ACRA), 5600 Fishers Lane,
Rockville, MD 20857
Emergency (after hours) Answering Service - Office of Crisis Management (301)
443-1240
John M. Taylor Ill, Associate Commissioner for Regulatory Affairs, Rm. 14-90,
HFC-1 (301) 827-3101 FAX (301) 443-6591
(Carolyn Becker and Ann Kirchner, Regulatory Counsels to ACRA, HFC-1, (301)
827-2806 FAX (301) 827-0963
John Marzilli, Deputy Associate Commissioner, Rm. 14-90, HFC-2, (301)
827-3101 FAX 301-443-6591 ’
Steven M. Niedelman, Assistant Commissioner for Regulatory Affairs, HFC-1,
(301) 827-3101 FAX (301) 443-6591
Alyson L. Saben, Special Assistant to the ACRA, Rm. 14-90, HFC-1, (301)
827-3101 FAX (301) 443-6591
Amy R. Folden, Executive Assistant, Rm. 14-90, HFC-1, (301) 827-3101 FAX
(301) 443-6591
(vacant) Sénior Advisor for Regulatory Policy, Rm. 14-90, HFC-2, (301)
827-2682
Lori Love, Senior Advisor for Clinical Science, Rm. 12-A46 HFC-2, (301)
827-3684 FAX (301) 443-6591
Marie Urban, Director, Performance Results Staff, Rm. 13-93, HFC-2, (301)
827-0947 FAX (301) 827-0963
Mary Davis, Equal Opportunity Staff, Rm. 12A-05, HFC-15, (301) 827-2883 FAX
(301) 480-7803
Office of Resource Management, (ORM), 5600 Fishers Lane, Rockville, MD
20857
Vacant, Director ORM, Rm. 13-45, HFC-10, (301) 443-2175 FAX (301)
443-7270
James M. Strachan, Deputy Director ORM, Rm. 13-45, HFC-10, (301) 443-2175
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CAPT Virginia Mahady, Commissioned Corps Liaison, HFC-10, HFC-10, Rm.
163, 109 Holton St., Winchester, MA 01890, (781) 729-5700 Ext. 702

Vacant, Labor Management Relations Specialist, Rm. 13-45, HFC-10, (301)
827-1643

Richard Garwood, Dir. Div. of Management Operations, Rm. 5A-55, HFC-20,
(301) 443-5821

Lee Swerock, Dir., Financial Program & Analysis Group, Rm. 5A-55, HFC-21,
(301) 827-1206

Randy Higgins, Dir., Facilities Mgmt. Group, Rm. 5A-55, HFC-21, (301)
827-1202

Karen Flanigan, Safety Management Officer, Rm. 5A-55, HFC-21, (301)
827-1212

Ron Ottes, FDA History Office, Rm. 12-69, HFC-24, (301) 827-3758

John Swann, FDA History Office, Rm. 12-69, HFC-24, (301) 827-3756 FAX
(301) 443-7270

Suzanne White Junod, FDA History Office, Rm. 12-69, HFC-24, (301)
827-3759 FAX (301) 443-7270

Mark Gregory, Director, Office of Information Technology, Rm. 5A-05, HFC-30,
(301) 827-4090 FAX (301) 443-7270

Donald Chi, Associate Director, Office of Information Technology, Rm. 5A-05,
HFC-30, (301) 827-1562 FAX (301) 443-0868

Carol Stone, Director, Infrastructure Applications Branch, Rm. 12-77, HFC-33,
(301) 827-1561

Marvin Bell, Dir. Enterprise Systems Br., Rm. 5A-08, HFC-4, (301) 827-5504
Laurie Hager, Dir. Customer Support Branch, Rm 5A-05, HFC-31 (301)
827-2683

David Graves, ORA IT Enterprise Architect, Twinbrook 5, HFC-30 (301)
827-2887

Susan C. Baer, Dir. Planning, Evaluation & Management Div., Rm. 12-38,
HFC-40, (301) 827-1626 FAX (301) 443-7212

Vacant, Deputy Dir. Planning, Evaluation and Management Br., Rm. 12-38,
HFC-41, (301) 827-1629

Michael Roosevelt, Dir. Prog. Planning & Workforce Management Br., Rm.
12-38 HFC-41, (301) 827-1638
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John A. Lechus, Dir. Program Evaluation Br., Rm. 12-38, HFC-42, (301)

827-1637

Gary German, Dir. Div. of Human Resource Development, HFC-60, (301)

594-1710 FAX (301) 594-1966

Leona O'Reilly, Dep. Dir. Div. of Human Resource Development, HFC-60, (301)

594-2174 FAX (301) 594-1966

Vacant, Dir., Div. Of Personnel Operations, HFC-50, Rm. 7B-24, (301) 827-4074
Office of Regional Operations, (ORO), 5600 Fishers Lane, Rockville, MD 20857

Emergency (after hours) Answering Service (301) 443-1240

Deborah D. Ralston, Dir. ORO, Rm. 13-61, HFC-100, (301) 443-6230 FAX (301)

443-1778

Steven M. Solomon, DVM, Dep. Dir. ORO, Rm. 13-61, HFC-101, (301)

443-6230

Kara Lynch, Special Assistant to the Dir., Rm. 13-61, HFC-102, (301) 443-6230

Michael C. Rogers, Dir. Div. of Field Investigations, Rm. 13-64, HFC-130, (301)

827-5653 FAX (301) 443-3757

Patricia Alcock Lefler, Dep. Dir. Div. of Field Investigations, Rm. 13-64, HFC-130,

(301) 827- 5653 FAX (301) 443-3757

Gerald W. Miller, Dir., Domestic Operations Branch, Rm. 13-64, HFC-130, (301)

827-5653 FAX (301) 443-3757

Rebecca Ramos Hackett, Manager, Internat'l Oper. Br., Rm. 13-71, HFC-130,

(301) 827-3777 FAX (301) 827-6685

Michael Olson, Dir. Div. of Field Science, Rm. 12-41, HFC-140, (301) 827-1232

FAX (301) 827-4575

Thomas Savage, Dep. Dir. Field Science, Rm. 12-41, HFC-140, (301) 443-3320

Richard H. Barnes, Div. of Fed-State Rel, Rm. 12-07, HFC-150, (301) 827-2905

FAX (301) 443-2143

Paul Raynes, Dep. Dir. Div. of Fed-State Rel., Rm. 12-07 HFC-150, (301)

827-2910

Cynthia Leggett, Pub Affairs & Health Fraud, Rm. 12-17, HFC-110, (301)

827-2914 FAX (301) 443-2143

Carl R. Nielsen, Dir. Div. of Import Oper & Policy, HFC-170, (301) 443-6553 FAX

(301) 594-0413
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(Overnight/Express Mail to: 5600 Fishers Lane, Room 12-38, Rockville, MD
20857)
Joseph L. McCallion, Deputy Dir. Div. of Import Operations and Policy, HFC-170,
(301) 594-1218 FAX (301) 594-3787
Vacant, Dir., Systems Branch, HFC-171, (301) 443-6553
Office of Enforcement, (OE), 1350 Piccard Dr., 4th Floor, Rockviile, Md. 20850
(Regular Mail to: 5600 Fishers Lane, Rockville, MD 20857 )
David Elder, Director OE, HFC-200, (301) 827-0421 FAX (301) 827-1222
Carl Draper, Deputy Director OE, HFC-201, (301) 594-4611 FAX (301)
594-4638
Donald Vasbinder, Special Assistant OE, HFC-201, (301) 827-0414 FAX (301)
827-1222
Sandra Whetstone, Dir. Div. of Compl Mgmt & Oper, HFC-210, (301) 827-0391
FAX (301) 827-0342
Lana Ogram, Dir. Div. of Compl Policy, HFC-230, (301) 827-0393 FAX (301)
827-0482 ’
Scott Maclntire, Dir. Div. Comp Info & QA, HFC-240, (301) 827-0386 FAX (301)
827-0482
Office of Criminal Investigations, (OCI), HFC-300, 7500 Standish Place Suite
250 N., Rockville, MD 20855
Terrell L. Vermillion, Director, (301) 294-4030 FAX (301) 594-1971
James Dahl, Assistant Director, Special Programs, (301) 294-4030 FAX (301)
594-1971
Rodney V. Turner, Assistant Director for Investigations, (301) 294-4030 FAX
(301) 594-1971
Kathleen Martin-Weis, Special Agent in Charge (SAIC), Investigative
Operations Division, (301) 294-4030 FAX (301) 594-1971
Thomas Doyle, SAIC, Administrative Operations Division, (301) 294-4030 FAX
(301) 827-1234
Pacific Regional Laboratory Southwest (PRL-SW), 19701
Fairchild, Irvine, CA 92612
Elizabeth A. Keville, Director, Pacific Regional Laboratory Southwest,
HFR-PA260, (949) 608-2907 FAX (949) 608-3567
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Ted Dunn, Director, Microbiology, HFR-PA260 (949) 608-3540 FAX (949)
608-2912

Dennis Farley, Director, Food Chemistry, HFR-PA260 (949) 608-2930

Los Angeles District, (LOS-DO), 19701 Fairchild, Irvine, CA
92612

Main Number (249) 608-2900 Emergency (after hours) Answering Service
(949) 644-7050

Alonza E. Cruse, District Director, HFR-PA200, (949) 608-4414 FAX (949)
608-4417

Linda Hartley, DD Secretary (949) 608-4413

Vacant, Dir. Compliance Branch, HFR-PA240, (949) 608-4426 FAX (949)
608-4402

Phyllis Huston, Acting Dir. Mgt & Program Support Br., HFR-PA230, (949)
608-4406

Rosario Quintanilla-Vior, Public Affairs Specialist, HFR-PA245, (949) 608-4407
" FAX (949) 608-4456

Laurel Eu, Public Affairs Specialist, HFR-PA245 (818) 595-0016 x315 FAX
(818) 595-1140

J. Lawrence Stevens, Dir. Imports Branch, HFR-PA256 (310) 971-2304 FAX
(310) 971-2364

Monica Maxwell, Dir. Domestic Investigations, HFR-PA250, (949) 798-7769
FAX (949) 798-7725

Vickie Anderson, Supervisor, HFR-PA250, (949) 798-7760 FAX (949)
798-7794

Daniel Cline, Supervisor, HFR-PA250, (949) 798-7675 FAX (949) 798-7750
Jonetta Collins, Supervisor, HFR-PA250, (949) 798-7780 FAX (949) 798-7794
Vien Le, Supervisor, HFR-PA250 (949) 798-7691 FAX (949) 798-7750
Tanya Malais, Supervisor, HFR-PA250 (949) 798-7719 FAX (949) 798-7750
Tanya Malais, Supervisor, HFR-PA250 (949) 798-7719 FAX (949) 798-7750
Karen Miller, Complaint Coordinator, HFR-PA254 (949) 798-7701, FAX (949)
798-7750
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K44\ ~ The Investigations Operations Manual (I0M) 2004

CHAPTER 1
CHAPTER 1 - ADMINISTRATION
CONTENTS 142 - AUTOMOBILE SAFETY .................... Pg 13
143-SAMPLING .................. ... Pg 13
Subchapter: 100 = ENGLISH LANGUAGE REQUIREMENT 143.01 - Sample Fumigation and Preservation
FOR FDA DOCUMENTS i iis i vvesnininsinsn.ss Pg2 143.02 - Electrical Hazards
) 143.083 - Physical Hazards
Subchapter 110 - TRAVEL oo Pg2 143.04 - Asphyxiation Hazards
111 - COMMON CARRIER ... ......coiiininn... Pg 2 143.05 - Radioactive Product Sampling
111.01 - Air 143.06 - Chemical Hazards
111.02 - Auto Rental 143.07 - Carbadox Sampling
111.03 - Taxi 144 - INSPECTIONS ... ... ..o, Pg 15

111.04 - Accident Insurance
111.05 - Gainsharing
112 - GOVERNMENT FURNISHED VEHICLES ...... Pg3
112.01 - Interagency Motor Pool
112.02 - Accidents
112.03 - Liability
112.04 - Use Between Residence & Place of Employment
112.05 - Care & Custody of U.S. Vehicles

113 - PRIVATELYOWNED VEHICLE . .............. Pg 4
113.01 - Accidents
114 - PERDIEM & SUBSISTENCE ................ Pg s

114.01 - Per Diem Rates
114.02 - Hospitalized in Travel Status

115 - CHANGE OF OFFICIAL STATION ......... ... Pg6
116 - ADVANCEOFFUNDS ..................... Pg6
117 - CLAIM FOR REIMBURSEMENT ............. Pg6
118 - TELEPHONE COMMUNICATIONS .. .......... Pg 6
119 - ITINERARIES ..., Pg7

SLEAVE .o Pg7

120.01 - Family and Medical Leave
120.02 - Organ Donation
120.03 - Voluntary Leave Transfer Program

120.04 - EASE
121 - ANNUALLEAVE ................... ... ... Pg7
122-SICKLEAVE ... ... Pg8
123 - COMPENSATORY TIMEOFF ................ Pg8
124 - MILITARY LEAVE . ...... ... ...t Pg8
125-COURTLEAVE ... ... ..o, Pg9
126 - LEAVE WITHOUTPAY ... ... ..., Pg9
127 - ABSENCE FOR MATERNITY REASONS .. ... .. Pg9
128 - VOTING AND REGISTRATION LEAVE ........ Pg9
129 - COMMISSIONED CORPS LEAVE ............ Pg9

- DI FIC!

INFORMATION .. ..ot nans Pg 10
131 - SUBPOENA ....... e e Pg 10
132 - REQUESTS BY THE PUBLIC AND PLACE

OF EMPLOYMENT .........ooiviiieia., Pg 10
133 - SHARING NON-PUBLIC INFORMATION WITH

OTHER GOVERNMENT OFFICIALS .......... Pg 11
134 - FREEDOM OF INFORMATIONACT ........... Pg 11
135 - INTERNALFDADOCUMENTS ............... Pg 11

r SSAFETY ... Pg 11

141 - PROTECTIVE EQUIPMENT . ................ Pg 12

141.01 - Eye Protection
141.02 - Hearing Protection
141.03 - Protective Clothing
141.04 - Respiratory Protection
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144.01 - Man Lifts and Ladders
144.02 - Factory Inspection
145 - MICROBIOLOGICALHAZARDS .............. Pg 16
145.01 - Animal Origin Products
145.02 - Viral and Other Biological Products
145.08 - Bacteriological Problems
145.04 - Hantavirus Associated Diseases

146 - REPORTING ......... ... ..., Pg 18
h - AT
ETHICS & CONDUCT ... ...t Pg 18
161 - MASS MEDIA (Press, Radioand TV) .......... Pg 18
162 - NON-GOVERNMENT MEETINGS ............ Pg 18
163-RECRUITING ....... ... coiiiiiiininnnnn. Pg 18
164 - COMMUNITY ACTIVITIES .............o.u.. Pg 19
165 - EQUIPMENT: CARE, CUSTODY, AND LOSS ... Pg 19
165.02 - Maintenance of Equipment
165.03 - Lost or Stolen Equipment
166 - OFFICIAL CREDENTIALS, BADGE ........... Pg 19
168 -BUSINESSCARDS .............coiiinnt, Pg 20
169 - EMPLOYEE CONDUCT ......... .. ...t Pg 20
169.01 - Professional Stature
169.02 - Outside Activity
169.03 - Financial Responsibility
169.04 - Gifts
169.05 - Attempted Bribery
169.06 - Health & Hygiene
169.07 - Sexual Harassment
169.09 - Disciplinary Action
r 170 - IN TRICT NM Pg 23
h 180 - Fi I N
COMPLIANCE TRACKING SYSTEM ............... Pg 24
Subchapter 181 - OPERATIONAL AND ADMINISTRATIVE
Y. MS FOR | T PORT ........cnnn Pg 24
r - TORY NOTES ........... Pg 25
180-OVERVIEW ... ..ttt Pg 25
191 - USES OF REGULATORY NOTES ............ Pg 25
192 - REQUIREMENTS FOR REGULATORY NOTES . Pg 25
193 - REGULATORY ENTRIES ............. ... ... Pg 25
194 - FORMAT FOR REGULATORY NOTES ........ Pg 25
195 - RETENTION OF REGULATORY NOTES ....... Pg 26
CHAPTER1-EXHIBITS ......c.iveiean... Pg 27

110-B  ALLOWABLE EXPENSES CHART
110-D  TRAVEL VOUCHER (SF-1012)



CHAPTER 2

INVESTIGATIONS OPERATIONS MANUAL

CHAPTER 2 - ORGANIZATION

- ANIZATI VERVIEW ...... Pg 35
201 - FDAPRINCIPLES .. ...oovvveeeonnnnannns Pg 35
Subchapter 210 - QFFICE OF THE COMMISSIONER . Pg 35
210 - IMMEDIATE OFFICE .. ....ovvoeeeernnnnnnss Pg 35
211 - OFFICE OF THE SENIOR ASSOCIATE

COMMISSIONER ....vvoiivienennnnnnns. Pg 35
212 - OFFICE OF POLICY, PLANNING AND

LEGISLATION ...
OFFICE OF MANAGE

2i3%
214 - OFFICE OF INTERNATIONAL AND CONSTITUENT
REALTIONS ... ee et e Pg 36

220 - OFFICE OF THE CENTER DIRECTOR ........ Pg 36
220.01 - Office of Biostatistics and Epidemiology
221 - OFFICE OF COMMUNICATION, TRAINING, AND

MANUFACTURERS ASSISTANCE ............ Pg 37

222 - OFFICE OF MANAGEMENT ................. Pg 37
222.01 - Office of Information Technology

Management ...................... Pg 37

223 - OFFICE OF BLOOD RESEARCH AND REVIEW . Pg 37
224 - OFFICE OF VACCINES RESEARCH AND

REVIEW - . .o v eeeeeee e Pg 37
225 - OFFICE OF THERAPEUTICS & RESEARCH

= Pg 38
226 - OFFICE OF COMPLIANCE AND BIOLOGICS

QUALITY i Pg 38
Subchapter 230 - CENTER FOR DRUG
EVALUATION AND RESEARCH . . .« .vvveevvnen . Pg 39
230 - OFFICE OF THE CENTER DIRECTOR ........ Pg 39
231 - OFFICE OF MANAGEMENT ................. Pg 39
232 - OFFICE OF INFORMATION TECHNOLOGY . ... Pg 39
233 - OFFICE OF TRAINING AND COMMUNICATIONS Pg 39
234 - OFFICE OF COMPLIANCE .................. Pg 39

235 - OFFICE OF PHARMACEUTICAL SCIENCE ..
235.01 - Office of New Drug Chemistry
235.02 - Office of Generic Drugs
235.03 - Office of Testing and Research
235.04 - Office of Clinical Pharmacology &
Biopharmaceutics
236 OFFICE OF REVIEW MANAGEMENT ......... Pg 40
236.01 - Office of Drug Evaluation |
236.02 - Office of Drug Evaluation Il
236.03 - Office of Drug Evaluation i
236.04 - Office of Drug Evaluation IV
236.05 - Office of Drug Evaluation V
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801.01 - Recall

A Recall is a firm’s removal or correction of a marketed
product that FDA considers to be in violation of the laws it
administers, and against which the Agency would initiate
legal action (e.g., seizure). Recall does not include a mar-
ket withdrawal or a stock recovery. See the Agency recall
policy outlined in 21 CFR 7.1/7.59 - Enforcement Policy -
General Provisions, Recalls (Including Product
Corrections) - Guidance on Policy, Procedures, and
Industry Responsibilities.

Recall Classification - Means the numerical designation,
i.e., I, 11, or lll, assigned by the FDA to a particular product
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recall to indicate the relative degree of health hazard pre-
sented by the product being recalled.

There are three possible classifications.

Class | - A situation in which there is a reasonable prob-
ability that the use of, or exposure to, a violative product will
cause serious adverse health consequences or death.

Class Il - A situation in which use of, or exposure to, a
violative product may cause temporary or medically
reversible adverse health consequences or where the prob-
ability of serious adverse health consequences is remote.

Class Il - A situation in which use of, or exposure to, a
violative product is not likely to cause adverse health con-
sequences.

Recall Type - A designation based on whether the recall
is Voluntary, FDA Requested (at the request of the
Commissioner or his designee), or ordered under section
518(e) of the FD & C Act [21 U.S.C 360h (e)).

Recall Strategy - A planned specific course of action to
be taken in conducting a specific recall, which addresses
the depth of recall, need for public warnings, and extent of
effectiveness checks for the recall.

Depth of Recall - Depending on the product’s degree of
hazard and extent of distribution, the recall strategy will
specify the level in the distribution chain to which the recall
is to extend, i.e., wholesaler, retailer, user/consumer.

Recall Number - Number assigned by a responsible
Center for each recalled product they initiate. This number
consists first of a letter designating the responsible Center
(see letter Codes below), a 3-digit sequential number indi-
cating the number of recalls initiated by that Center during
the fiscal year, and a 1-digit number (the Center for Devices
and Radiological Health (CDRH) uses 2-digit numbers)
indicating the fiscal year the recall was initiated. For exam-
ple: F-100-2 identifies the 100th recall initiated by the
Center for Food Safety and Applied Nutrition (CFSAN) in
FY-2002. The following letters are used to identify the
Centers.

Letter Center/Office
F Foods - CFSAN

D Drugs - Center for Drug Evaluation and
Research (CDER)

z Medical Devices & Radiological Health - CDRH

\ Veterinary Medicine - Center for Veterinary
Medicine (CVM)

B Biologics - Center for Biologics Evaluation and
Research (CBER)

N Medical Devices (Voluntary Safety Alerts &
Notifications)

A Audit Numbers issued by the District performing

the recall, the Centers, Office of Enforcement
(Division of Compliance Management and
Operations [DCMO], or the Division of Field
Investigations (DF1) to monitor recalls requiring
audit checks.
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SUBCHAPTER 1000 - LAW,
REGULATION AND GUIDANCE

This chapter will help you to locate regulatory references
and FDA staff.

The Public Health Security and Bioterrorism Prepared-
ness and Response Act of 2002 (the Bioterrorism Act),the
Medical Device User Fee and Modernization Act of 2002
(MDUFMA), the FDA Modernization Act of 1997, (FDAMA),
the International Conference on Harmonization (ICH), the
Mutual Recognition Agreement (MRA), national emergen-
cies and initiatives, and other forces continue to impact
FDA inspectional operations as changes in law, regulation,
guidance and internal procedures issue. As ICH members
(Japan, U.S. and European Union) reach consensus
agreements, ICH guidelines are adopted by all three gov-
ernments. In the United States, they may replace outstand-
ing FDA guidance in the medical device, human and animal
drug areas. Unless exempted .the Bioterrorism Act and
implériéntirg Tegulations requirs: -most ‘domeéstic food facil-
ities'and forelgn tood facilities who. export to the U.S. to reg-
ister'as of December 2, 2003; FDA began dccepting reg-
lstratlons ‘oni:. October 16, 2003. The Bioterrorism Act
requires that FDA receive prior notice of food imported into
the United, States, beginning on December 12, 2003, The
2002 MDUFMA authorizes FDA to charge user fees for
medical device premarket review; it allows third party med-
ical device inspections, sets out new regulatory require-
ments for single-use devices, and directs FDA to establish
the Office of Combination Products. FDA drug GMP initia-
tive and Process Analytical Technology (PAT) efforts are
underway.
~ In conducting inspections and investigations according
to changing policies; in order to be effective, FDA régulators
must understand the dlfference between regulatory require-
ments and gundamcex i

Laws or statutes, enacted by Congress, and regulations
or rules, promulgated by Federal agencies, contain regula-
tory requirements.

FDA's guidance documents, on the other hand, have a
different legal status and serve purposes different from laws
and regulations. The purposes of guidance documents are
to:

1. Provide assistance to the regulated industry by
clarifying requirements that have been imposed by
Congress or issued in regulations by FDA, and by explain-
ing how industry may comply with those statutory and reg-
ulatory requirements, and

2.  Provide specific review and enforcement
approaches to help ensure that FDA's employees imple-
ment the agency’s mandate in an effective, fair, and con-
sistent manner.
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APPENDIX A

FOOD ADDITIVE STATUS LIST

FOREWORD

This Food Additives Status List organizes additives
found in many parts of 21 CFR into one alphabetized list.
Additives included are those specified in the regulations
promulgated under the FD&C Act, under Sections 401
(Food Standards), and 409 (Food Additives). The list also
includes selected pesticide chemicals from 40 CFR 180 for
which EPA has set tolerances in food. FDA enforces those
tolerances. Within the space available, the Food Additives
Status List includes use limitations and permitted toler-
ances for each additive. For complete information on its use
limitations, refer to the specific requlation for each sub-

stance. To access 21 CFR, see
http://www.access.apo.qovinara/clr/index.htmi. To access

40 CFR 180, “Tolerances and Exemptions from Tolerances
for Pesticide Chemicals in Food”, see
hitp:/hwww. .Gov, fr/waisidx_01/40cfr1
1.html. New regulations and revisions are published in cur-
rent issues of the Federal Register as promulgated. To
access the Federal Register, see
hitp://iwww.access.gpo.aov/su docs/aces/aces40.html.
Also refer to the CFSAN website on Food Additives and
Premarket Approval to review several FDA databases of
additive categories. See

JSwww, [~lrgi/t .html. For example,
EAFUS (Everything Added to Food in the United States) is
a helpful reference within the limitations described at-the
beginning of the database.

The Food Additive Status List omits certain categories of
additives. Here are the omissions:

1. Obviously safe substances not cited in a regulation
as Generally Recognized as Safe (GRAS). You may find
such substances on an FDA web site, see

tp://www.ctsan. f v/~rdb/opa-gras.html. it contains
GRAS notifications received from companies since 1998,
and FDA'’ s response.

2. Synthetic flavoring substances in 21CFR 172.515.
The CFR does not contain a complete list of permissible fla-
vorings. Certain trade groups such as the Flavor Extract
Manufacturers Association have established expert panels
o evaluate and make determinations on the GRAS status
of their products. If you need help in determining the
acceptability of a flavoring after consulting 21 CFR
172.515, contact CFSAN Office of Food Additive Safety
(HFS-200) at (202) 418-3100.

3. Those pending administrative determination.

4,  Substances granted prior sanction for specific use
prior to enactment of the Food Additives Amendment. For
additional information on these substances, contact the
CFSAN Office of Food Additive Safety (HFS-200) at (202)
418-3100.
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5. Indirect food additives, 21 CFR Parts 175, 176,
177, & Part 178 (except that sanitizing agents for food pro-
cessing equipment as listed in 178.1010 are included in the
Food Additives list.) Be aware that as a result of the Food
Quality Protection Act of 1996 and Antimicrobial Regulation
Technical Corrections Act of 1998, EPA now has jurisdiction
over sanitizing soiutions applied to permanent or semi-per-
manent food contact surfaces, other than food packaging.

To look up indirect food additives in Parts 175, 176, 177
and 178 go to FDA's “List of Indirect Additives Used in Food
Contact Substances” See
http://iwww.cfsan.fda.gov/~dms/opa-indt.htmi. Use it to
locate the regulation in which its use is fully described.

FDA has recently implemented a new way to market,
called “Premarket Notification”, for certain food contact sub-
stances. These notifications are effective only for the man-
ufacturer or supplier identified in the notification. A list of
effective notifications is available on the FDA website. See

ttp://www.cfsan, v/~dms/opa-fen himl.

6. Color additives, 21 CFR Parts 70, 71, 73, 74, 80 &
82. Go to the Color Additives Status List following the Food
Additives Status list in Appendix A.

NOTE: The Food Additives Status List is provided only
as a quick look-up on the use limitations for a food additive
or pesticide chemical. It is possible that mistakes or omis-
sions could have occurred. Additionally, there may be cases
where the agency has offered interpretations concerning
specific provisions of the regulations. For example, in the
case of boiler water additives or other minor ingredients,
processing aids, or indirect additives, FDA has not object-
ed, in certain cases, to the substitution of ammonium, cal-
cium, magnesium, potassium, or sodium saits for each
other when only one is listed in a regulation. The Food
Additive Status list is updated annually, so it may not reflect
the latest information. For all these reasons, take care
before advising a firm that a use of a particular food addi-
tive is prohibited or otherwise limited. Read the actual reg-
ulation. If there are any doubts or if a particular situation is
unclear, you or your supervisor should consult with the
CFSAN, Office of Food Additive Safety (HFS-200) at (202)
418-3100, or the Division of Petition Review (HFS-265) at
(202) 418-3042, or the Division of Food Contact Substance
Notification Review HFS-275 at (202) 418-3080, or the
Division of Biotechnology and GRAS Notice Review HFS-
255 at (202) 418-3090.

Please send corrections or additions to the list, to Alan
Gion FDA/Division of Field Investigations (DFI) (HFC-130),

5600 Fishers Lane, Rockville, Maryland 20857 or e-mail -

them to IQM@QRA.FDA.GQV.
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Type

AC
AF
AOX

BC
BL
B&N

CTG
DS

EMUL
ENZ
ESO

FEED

FLAV
FU/ADJ
FUM
FUNG

HERB
HOR

INH

MISC
NAT
NNS
NUTR
NUTRS

PEST
PRES

SANI
ment
SDA
SEQ
SOLv
SP
SP/ADJ
STAB
SY/FL
VET

Status
BAN

ABBREVIATIONS USED

(kind, effect or use of additive)

- Anticaking agent
- Antifoaming (or defoaming) agent
- Antioxidant

- Boiler compound
- Bleaching agent or flour-maturing agent
- Buffer and neutralizing agent

- Component or coating for fruits & vegetables
- Dietary supplement

- Emulsifier
- Enzyme
- Essential oil and/or oleoresin (solvent free)

- Substances under the Food Additives
Amendment added directly to feed

- Natural flavoring agent

- Substance used in conjunction with flavors

- Fumigant

- Fungicide

- Herbicide
- Hormone

- Inhibitor

- Miscellaneous

- Natural substances and extractives
- Non-nutritive sweetener

- Nutrient

- Nutritive Sweetener

- Pesticide other than fumigant
- Chemical preservative

- Sanitizing agent for food processing equip-

- Solubilizing and dispersing agent

- Sequestrant

- Solvent

- Spices, other natural seasonings & flavorings

- Spray adjuvant

- Stabilizer

- Synthetic flavor

- Veterinary drug, which may leave residue in
edible tissues of animals or in edible animal
products

- Substances banned prior to the Food
Additives Amendment (FAA) because of toxi-
city. These substances are bolded and itali-
cized.
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FS -Substance permitted as optional ingredient in
a standardized food
GRAS - Generally recognized as safe. Substances in

this category are by definition, under SEC.
201(s) of the FD&C Act, not food additives.
Most GRAS substances have no quantitative
restrictions as to use, although their use must
conform to good manufacturing practices.
Some GRAS substances, such as sodium
benzoate, do have a quantitative limit for use
in foods.

GRAS/FS - Substances generally recognized as safe in
foods but limited in standardized foods where
the standard provides for its use.

ILL - Substances used or proposed for use as
direct additives in foods without required
clearance under the FAA. Their use is illegal.
These substances are bolded and italicized.

PD - Substance for which a petition has been filed
but denied because of lack of proof of safety.
Substances in this category are illegal and
may not be used in foods.

PS - Substance for which prior sanction has been
granted by FDA for specific uses. There are a
number of substances in this category not list-
ed herein because they have not been pub-
lished in the FEDERAL REGISTER.

REG - Food additive for which a petition has been
filed and a regulation issued.

REG/FS - Food additive regulated under the FAA and
included in a specific food standard.

Other

& - and

amt - amount

art - artificially

avg - average

ca - about, approximately

calc - calculated

CFR - Code of Federal Regulations

cnd - canned

cond - conditions

comb. - w/ in combination with; combined with

comp - component

ctg - coating for fruits, vegetables, tablets

do - Same CFR reference as appears earlier in
paragraph

dr - dried

F.R. - Federal Register

- gram(s)

GMP - In accordance with good manufacturing prac-
tices; or sufficient for purpose; or quantity not
greater than required

incl - including

mir - manufacture

mg - milligram(s)

min - mineral

mi - milliliter



APPENDIX B

INVESTIGATIONS OPERATIONS MANUAL

21 CFR - SELECTED PARTS

PART 7, Subpart C - Recalls (Including
Product Corrections) - Guidance on Policy,
Procedures, and Industry Responsibilities

SOURCE: 43 FR 26218, June 16, 1978, unless otherwise noted.

7.40 Recall policy.

(a) Recall is an effective method of removing or correct-
ing consumer products that are in violation of laws admin-
istered by the Food and Drug Administration. Recall is a
voluntary action that takes place because manufacturers
and distributors carry out their responsibility to protect the
public health and well-being from products that present a
risk of injury or gross deception or are otherwise defective.
This section and 7.41 through 7.59 recognize the voluntary
nature of recall by providing guidance so that responsible
firms may effectively discharge their recall responsibilities.
These sections also recognize that recall is an alternative to
a Food and Drug Administration-initiated court action for
removing or correcting violative, distributed products by set-
ting forth specific recall procedures for the Food and Drug
Administration to monitor recalls and assess the adequacy
of a firm's efforts in recall.

(b) Recall may be undertaken voluntarily and at any time
by manufacturers and distributors, or at the request of the
Food and Drug Administration. A request by the Food and
Drug Administration that a firm recall a product is reserved
for urgent situations and is to be directed to the firm that
has primary responsibility for the manufacture and market-
ing of the product that is to be recalled.

(c) Recall is generally more appropriate and affords bet-
ter protection for consumers than seizure, when many lots
of product have been widely distributed.

Seizure, multiple seizure, or other court action is indicat-
ed when a firm refuses to undertake a recall requested by
the Food and Drug Administration, or where the agency has
reason to believe that a recall would not be effective, deter-
mines that a recall is ineffective, or discovers that a viola-
tion is continuing.

[43CFR26218, June 16, 1978, as amended at 65 FR 56476, Sept.
19, 2000}

7.41 Health hazard evaluation and recall
classification.

(a) An evaluation of the health hazard presented by a
product being recalled or considered for recall will be con-
ducted by an ad hoc committee of Food and Drug
Administration scientists and will take into account, but
need not be limited to, the following factors:

(1) Whether any disease or injuries have already
occurred from the use of the product.

(2) Whether any existing conditions could contribute to a
clinical situation that could expose humans or animals to a
health hazard. Any conclusion shall be supported as com-
pletely as possible by scientific documentation and/or state-
ments that the conclusion is the opinion of the individual(s)
making the health hazard determination.
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(3) Assessment of hazard to various segments of the
population, e.g., children, surgical patients, pets, livestock,
etc,, who are expected to be exposed to the product being
considered, with particular attention paid to the hazard to
those individuals who may be at greatest risk.

(4) Assessment of the degree of seriousness of the
health hazard to which the populations at risk would be
exposed.

(5) Assessment of the likelihood of occurrence of the
hazard. ‘

(6) Assessment of the consequences (immediate or
long-range) of occurrence of the hazard.

(b) On the basis of this determination, the Food and Drug
Administration will assign the recall a classification, i.e.,
Class |, Class 1, or Class Ill, to indicate the relative degree
of health hazard of the product being recalled or considered
for recall.

7.42 Recall strategy.

(a) General.

(1) A recall strategy that takes into account the following
factors will be developed by the agency for a Food and
Drug Administration-requested recall and by the recalling
firm for a firm-initiated recall to suit the individual circum-
stances of the particular recall:

(i) Resuits of health hazard evaluation.

(i) Ease in identifying the product.

(i) Degree to which the product’s deficiency is obvious
to the consumer or user.

(iv) Degree to which the product remains unused in the
market place.

(v) Continued availability of essential products.

(2) The Food and Drug Administration will review the
adequacy of a proposed recall strategy developed by a
recalling firm and recommend changes as appropriate. A
recalling firm should conduct the recall in accordance with
an approved recall strategy but need not delay initiation of
a recall pending review of its recall strategy.

(b) Elements of a recall strategy. A recall strategy will
address the following elements regarding the conduct of
the recall:

(1) Depth of recall. Depending on-the product’s degree of
hazard and extent of distribution, the recall strategy will
specify the level in the distribution chain to which the recall
is to extend, as follows:

(i) Consumer or user level, which may vary with prod-
uct, including any intermediate wholesale or retail level; or

(i) Retail level, including any intermediate wholesale
level; or

(i} Wholesale level.

(2) Public warning. The purpose of a public warning is to
alert the public that a product being recalled presents a
serious hazard to health. It is reserved for urgent situations
where other means for preventing use of the recalled prod-
uct appear inadequate. The Food and Drug Administration
in consultation with the recalling firm will ordinarily issue
such publicity. The recalling firm that decides to issue its
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PRINCIPAL STORED GRAIN INSECTS

For safe and effective use of insecticides, always identify the prablem correctly.

o

.

0y

& 9. Flat grain beefle s

Some of these stored grain insects are olso
KITCHEN PESTS.

The saw-foothed groin beetle, red flour beetle,

larger cabinet beetle, and Indian-mec] moth de.

velep in flour, cake mixes, corn meal, breckfast

foods and similar products. The Angoumeis grain

meth infests popcorn.

. kY
-

10, Angoumait groin moth .

Prepared by Extension Entomologists of the North Central Stofes in cooperation
with the Federal Extension Service, U. 5. Department of Agriculture
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Professor, Department of Food Microbiology & Toxicology
Food Research Institute, University of Wisconsin—-Madison
Professor, Department of Bacteriology

1925 Willow Drive

Madison, WI 53706-1187

[ telephone: 608-263-7944
0 fax: 608-263-1114
0 email: cujohnsotdwise.edn

PRINCIPAL RESEARCH INTERESTS
o Clostridium botulinum: Control, Toxins. Genetics
s Use of Naturally Occurring Antimicrobials in Food

EDUCATION
« BS 1976, Fermentation Science, University of California, Davis
e MS 1978, Food Science, University of California, Davis
e ScD 1983, Food Microbiology, Massachusetts Institute of Technology
« Postdoc, 1985, Bacterial Physiology and Genetics, Harvard Medical School

CURRENT RESEARCH PROJECTS

« Interspecies transfer of the gene coding for botulinum toxins.

¢ Regulation of expression of botulinum toxins.

« Purification, stabilization, and characterization of botulinum toxins.

¢ Development of botulinum toxin as a pharmaceutical.

« Behavior and control of Clostridium botulinum in foods.

» Assessment of the safety of new food processing procedures, e.g.. modified
atmosphere packaging, on safety from botulism.

o Characterization and application in foods of naturally occurring antimicrobials.
including lactoperoxidase, lactoferrin, monoglycerides. polyacetylenes.
lysozyme, and other lytic enzymes.

o Behavior and control of Listeria monocytogenes in foods.

« Control of pathogens in reduced fat cheeses.
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History of Cal Poly Pomona

History of Cal Poly Pomona

Cal Poly Pomona opened in the fall of 1938 as the Voorhis Unit of the California
Polytechnic School, with an all-male enrollment of 110 students. The campus was
located on the 150-acre site of the former Voorhis School for Boys in San Dimas.

In 1949, breakfast cereal magnate W.K.Kellogg deeded 813 acres of land located three
miles south of the Voorhis campus to the State of California. In 1956, 550 students and
30 faculty members moved to the Kellogg campus. The student body included women
for the first time in 1961, when 322 women enrolled.

In 1966, Cal Poly Pomona separated from the San Luis Obispo campus to become
California's 16th state college. University status was granted in 1972.

Today, the campus covers about 1,438 acres and is the second largest in area of the
California State University's 20 campuses. More than 2,300 people are employed as
members of the university's faculty and staff.

The university has been served by five Presidents in its 52-year history. Julian A.
McPhee served as president of Cal Poly San Luis Obispo and Cal Poly Pomona from
1938 to 1966. Robert C. Kramer held the office from 1966 to 1977; and Hugh O. La
Bounty served from 1978 to 1991. Bob H. Suzuki, held the office from 1991 to 2003. J.
Michael Ortiz assumed the president's office on August 1, 2003.

Historical Milestones:

1925 Initial 377 acres purchased for $250,000 by W. K. Kellogg
1926 The W. K. Kellogg Arabian Horse ranch opened to the public.
1930 The W. K. Kellogg Foundation established.

1938 The Voorhis School for Boys becomes the Southern California branch of
California Polytechnic College, San Luis Obispo, and is eventually donated to the state
by Charles Brown Voorhis. Julian A. McPhee serves as president of Cal Poly San Luis
Obispo and Cal Poly Pomona.

1943 Kellogg Ranch is temporarily transferred to the War Department during World
War II, serving as a remount station where soldiers were trained in horsemanship.

1949 Breakfast cereal magnate W. K. Kellogg deeds his 813-acre ranch to the State of
California for use as an expansion of the San Luis Obispo campus, California State
Polytechnic College, Kellogg Unit. 354
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History of Cal Poly Pomona
1949 First student-built float entered in Tournament of Roses parade.

1956 550 students and 30 faculty members move to the Kellogg campus.

1957 California State Polytechnic College, Pomona's first graduating class, spring
1957

1961 In a first for the all-male campus, 329 women join the student body.

1966 The Pomona campus separates from the San Luis Obispo campus to become
California State Polytechnic College, Kellogg-Voorhis, the 16th college in the
California State College system.

1972 University status granted as California State Polytechnic University, Pomona.

Other links of Interest

Historical photographs from the Cal Poly Pomona History Exhibit

The Voorhis Connection

Cal Poly Pomona About Cal Poly Pomona
Welcome from President Ortiz Campus Issues
' Jistory of Cal Poly .
Academic Programs History of Cal Poly ~__*_g__Cont?:tctm. the Facts and Stats
Pomona University
Applying to the Location - How to get Tours and Visitor . .
University here Services University Catalog

This page was updated on Wednesday, 22-Oct-2003 14:17:46 PDT

f Please send any comments or suggestions to webmaster@csupomona.edu
£ ©2004 Cal Poly Pomona
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Introduction

University Library - Cal Poly Pomona
University Archives

Cal Roly Pomona Histowy Exfiibit

INTRODUCTION

This exhibit features many of the interesting events related to
the founding and development of Cal Poly Pomona. The
photographs have been printed from historic negatives kept
in the University Archives and the W.K. Kellogg Arabian
Horse Library.

The Cal Poly Pomona campus grounds and some of its
buildings were once part of an Arabian horse ranch
belonging to breakfast cereal pioneer Will Keith Kellogg.
W.K. Kellogg was 64 when he took a leisurely trip from his
home in Battle Creek, Michigan to Palm Springs, California
in November 1924 for some resting, reading and sunbathing.
A visit to Chauncey D. Clarkes Point Happy Ranch in Indio
ultimately led Mr. Kellogg in 1925 to purchase a group of
Arabian horses from the Clarke ranch. Mr. Kellogg then
bought acreage in Pomona on which to build a ranch. While
the stables were under construction, the horses were boarded
at the Los Angeles County Fairgrounds.

For more information on the history of the Kellogg Arabians
and the Kellogg Ranch, consult the following materials:

The Kellogg Arabian Ranch: The First Sixty Years: A
Chronicle of Events, 1925-1985 by Mary Jane Parkinson

The Kellogg Arabians: Their Background and Influence by
Herbert H. Reese in collaboration with Gladys Brown
Edwards.
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Historical Photographs Part 1

University Library - Cal Poly Pomona
University Archives

Cal Polby Pomona Histony Exfiibis

Photo selection and narrative by Danette Cook Adamson
‘Web production by Ivano Aviandi

INTRODUCTION

HISTORICAL PHOTOGRAPHS:

Part I - Part II - Part 1T

Historical Photographs: Part I

Each image below links to a larger version of the photograph
and additional descriptive text.

=X (S

1926 - Killah, Sotamm, 1929 - W.K. Kellogg with
Sherlet, and Amham running Antez.
in the hill pasture to the west
of the original horse stables
site.

1926 - Looking east at the 1926 - Valentino and
original horse stables. Jadaan.
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Historical Photographs Part I

with trainer Mark Smith.

University Library - Cal Poly Pomona
University Archives
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Part 11

University Library - Cal Poly Pomona
University Archives

Cal Polby Pomong History, Extiibit
-Historical Photographs: Part II

Each image below links to a larger version of the photographs
and more text.

May 17, 1932 - Kellogg June 7, 1946 - Decoration

Ranch Presentation ceremony for Major
Ceremony. Clayton

Voorhis Chapel in San 1950 - Dedication of
Dimas. Voorhis Rock.

1955 - Voorhis College Men.

Introduction - Part I - Part 11T
Main Page
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Cal Poly Pomona History Exhibit

University Library - Cal Poly Pomona
University Archives

€al Poly Pomong Histowy Exfithit
Historical Photographs: Part ITI

Each image below links to a larger version of the
photographs and more text.

January 1, 1949 - Cal c1962- Graduation in the
Poly's First Rose Float Rose Garden

2T '/ :'e!
1960 's - Women in October 24, 1967 -
Dormitory room President Robert Kramer

Inaugurated

December 1968 - Library Moves to New Building

Introduction - Part1 - Part I1
Main Page
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Wei-Jen Lin

ﬁWelcome to the Home Page of Dr.
Wei-Jen Lin

California State Polytechnic University,
Pomona, CA

Classes MIC 201 Basic Microbiology
MIC301 Germs and You
BIO 560 Bacterial Physiology
BIO 499 Pharmaceutical Lab
Practices
BIO 499 Bioinformatics
My Office Hour

Biotechnology General information and_job
Internship - posting
Information for students
Internship resources for students
Career service resources
Industry resources

About Research interest
myself Current research projects
Curriculum Vitae
Office Hour
Web Literature Search
resource On-line Journals
Funding resource
Cal Poly | Biology | Graduate | CalPoly | Cal Poly
Home Home Program | Foundation| Library

Contact me at:
weijenlin@csupomona.edu
Department of Biological Sciences
California State Polytechnic University
Pomona, CA91768
(909) 869-4179 (OFFICE)
(909) 869-4078 (FAX)
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Wei-Jen Lin, Ph.D

Cal Poly Pomona.

http://www.csupomona.edu/~weijenlin/
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My research area is primarily focus on the molecular mechanisms of
bacteria in the pathogenesis, spread, and the host response.
Including protein-protein interaction of bacterial toxins, cross-species
transfer of pathogenic genes, controls of bacterial infection and
intoxication, food safety and host immune defense. Bacterial gene
expression system with focus on promoter function and reporter gene
activity.
Current Research Projects

1. Clostridium botulinum neurotoxins

[for more background information, click botulinumweb

« Protein-protein interaction in the toxin complex

« Application in clinical treatment of neuromuscular disorders
[interesting link: Botox]
« Gene regulation in C. botulinum
2. Avian botulism of California brown pelicans at Salton Sea [for more
info, click Salton Sea]
« Investigation of the correlation of intestinal microfiora and avian
botulism
3. Antimicrobial activity of probiotic bacteria [see probiotic articles]
« Characterization of the antimicrobial substances
. Heat and acid tolerance of formulated probiotic bacteria
« DNA fingerprinting of probiotic bacteria

poacietluy ofioa

Education

Post-Doctoral and NIH-National Research Service Award fellow
Brigham and Women's Hospital and Harvard Medical School
Ph.D. University of Wisconsin - Madison

M.S. University of Minnesota, Twin City
B.S. National Taiwan University, Taipei, Taiwan
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Professional Experience

2000-present

Assistant Professor of Microbiology

Department of Biological Sciences

California State Polytechnic University, Pomona

1998-2000 _

Scientist, Neurotoxin Research Program, Allergan, Inc. Irvine, CA.
Studied recombinant botulinum neurotoxin and its clinical use in

treating neuromuscular disorders.

1995-1998

Scientist, Division of Immunology and Cancer Biology, Gilead
Sciences (Formerly NeXstar Pharmaceuticals and Supragen Inc.),
Lakewood, CO.

Studied bacterial superantigens and their role in autoimmune
diseases.

1992-1994 .

NIH National Research Service Award Fellow, Channing Laboratory for
Infectious Disease, Brigham and Women's Hospital, and Department
of Medicine, Harvard Medical School.

Studied the regulation of late gene expression of Staphylococcal
superantigens.

1988-1992

Research Assistant, University of Wisconsin-Madison.

Studied the regulation of botulinum neurotoxin in Clostridium

botulinum with the development of various genetic tools.
1985-1988

Research Assistant, University of Minnesota, Twin City.

Studied the synergistic growth and the B-galactosidase activity in a
mixed culture of Streptococcus thermophilus and Lactobacillus
bulgaricus.

Professional Activities
InterAgency Botulism Research Coordinating Committee (IBRCC)
American Society for Microbiology
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Publications

1.

(U8}

Lin, W.-1., D. A. Savaiano, and S. K. Harlander. 1988. A method
for determining B-galactosidase activity of yogurt cultures in
skim milk. J. Dairy Sci. 72:351-359.

. Martini, M. C., E. C. Lerebours, W.-J. Lin, S. K. Harlander, N. M.

Berrada, J. M. Antoine, and D. A. Savaiano. 1991. The effect of
lactic acid bacterial strains and species in fermented milk
(yogurt) on in vivo lactose digestion. Amer. J. Clinic Nutrition,
45:1041-1046.

Premaratne, R. 1., W.-]. Lin, and E. A. Johnson. 1991,
Development of an improved chemically defined minimal
medium for Listeria monocytogenes. Appl. Environ. Microbiol.
57:3046-3048.

Lin, W.-J., and E. A. Johnson. 1991. Transposon Th916

. mutagenesis in Clostridium botulinum. Appl. Environ. Microbiol.

10.

57:2946-2950.

Lin, W.-]., and E. A. Johnson. 1995. Genome analysis of
Clostridium botulinum type A by pulsed-field gel electrophoresis.
Appl. Environ. Microbiol, 61:4441-4447,

Liu, C.-P.,, W.-]. Lin, M. Huang, J. W. Kappler, and P. Marrack.
1996. Development and function of T cells in TCR/CD3 zeta
knockout mice expressing Fc?RI gamma. Proc. Natl. Acad. Sci.
USA 94:616-621.

Johnson, E. A., W.-]. Lin, Y. T. Zhou, and M. Bradshaw. 1997.
Characterization of neurotoxin mutants in Clostridium
botulinum. type A. Clin. Infect. Dis. 25 (Suppl. 2):5168-5170.
Liu, C.-P., K. Jiang, C.-H. Wu, W.-H. Lee, and W.-J. Lin. 2000.
Detection of glutamic acid decarboxylase (GAD) activated T
cells with I-Ag7 tetramers. Proc. Natl. Acad. Sci. USA. PNAS,
97(26):14596-14601.

Lin, W.-1., D. A. Norris, M. Troetsch, B. L. Kotzin, and B.
Tomkinson. 2001. Oligoclonal expansion of intraepidermal T
cells in psoriasis skin lesions. Journal of Investigative
Dermatology, 117:1546-1553.

Zhang, L., W.-1. Lin, S. Li, K. R. Aoki. 2003. Complete DNA
sequences of the botulinum neurotoxin complex of Clostridium
botulinum type A Hall strain. Gene 315:21-32.
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Things that I do at spare time (if any!)
Most likely I will be driving my kids to various activities and
volunteering for school and community activities
Things that I enjoy but have no time to do............ gardening, music,

reading novel, etc.

Contact me at:
weijenlin@csupomona.edu
Department of Biological Sciences
‘California State Polytechnic University
Pomona, CA91768
(909) 869-4179 (OFFICE)

(909) 869-4078 (FAX)
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Visitors Guide

FAQ's | Book a Room! | Maps & Directions | Getting Here | Gettmg Around | Get a Good Times Guide!

Plan Your Trip

Book a Room

Visitor's Guide

Our online Visitor's Guide contains answers to
frequently asked questions, downloadable and
interactive maps and driving directions, information
on getting here and getting around, weather and a
variety of other helpful resources. You can also
request a copy of our free Good Times Guide which
contains hotel listings, maps, $2400 in coupons and
more.

What you'll find in each category:

RAEWEN Book a room now!

3. From world-class hotels to romantic B&B's
<3 New Orleans offers great choices for

every taste and budget.

Visitors' Frequently Asked Questions
What's the weather like? Where can I get
a map? When is Mardi Gras? Click this

‘/

i
<w
N\

pe»=4 Maps and Driving Directions

QD 4 No sense of direction? With these maps
you'll be able to navigate to and within
New Orleans like a native.

Download and print for great coupon
savings. Good with out-of-town driver's
- license only.

B

TN Getting Here

Request a free Good Times Guide!
Request your free visitor's guide with
coupons, maps and more!

GUODTIN!

Wondering what to pack? Check the
weather page for current conditions.

Sign up for News from New Orleans
Subscribe to our monthly newsletter for
all the latest information.

Arrival Date

IAug L‘E}I ]30 h‘if

Departure Date

ISep_ E Iz_l‘v"r]

Adults

[TE]

Rooms (Hotels Only)

Search

Site Tools

Contact Us » Site Map e Privacy » Contest Rules « Press & Media  Shop Tax Free
Doing Business in New Orleans « Meetings, Conventions & Group Sales

The Official Tourism Site of the City of New Orleans: NewOrleansOnline.com
All contents © 1996-2004 New Orieans Tourism Marketing Corporation uniess otherwise specified
herein. ALL RIGHTS RESERVED

NEW
ORLFANS

happenin' every day
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/” Search

E-mail Page

Print Page

Get a Free Good
Times Guide or
E-newsletter

GOOD TIMES
GUIDE ™

Get Your Free Good
Times Guide!
Request our handy
guide to the city,
including maps,
calendar, and $2400 in
coupons and you'll be
eligible to win trips
and prizes!
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Home > News > Press Releases & Media Advisories > Related Links
Press Release

The Center for Virus

H : : Research

UcCl scxen_tlsts to _develop vaccine to School of Biological
combat bioterrorism threat from Sciences
deadly bacteria
NIH awards $5.8M grant to support research

. . Contact
Irvine, Calif, August 25, 2004

Igbal Pittalwala

Researchers at UC Irvine will develop a
vaccine against the bacterium Burkholderia
pseudomallei, an organism that can be
dispersed by an aerosol spray and used as an
agent for biological terrorism. The research will

(949) 824-3969
igbal@uci.edu

be supported by a $5.8 million grant from the Archives
National Institute of Allergy and Infectious
Diseases, part of the National Institutes of July 2004
Health. June 2004
May 2004
B. pseudomallei, which is resistant to many @;’Q@S&
antibiotics, causes melioidosis, an infectious Feb. 2004
and deadly disease that affects humans and Jan. 2004
animals. At present, no vaccine against 2003
melioidosis exists. 2002
2001
" ; : 2000
The development of a vaccine against B. 1999
pseudomallei is a national and worldwide goal, 1998
and is the best way to blunt a bioterrorist 1997
threat,” said Philip Felgner, principal 1886
1995

investigator of the research project and
director of the proteomics laboratory within the
Center for Virus Research. “Even if we have
antibiotics, it will be difficult to treat everyone
affected. With the availability of a safe and
effective vaccine, however, terrorists may not
even proceed to develop weapons that use B.
pseudomalle;.” 371
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Melioidosis occurs primarily in tropical regions,
such as Southeast Asia and northern Australia.
It is currently the leading cause of sepsis in
northeastern Thailand, where infection rates
are high during the rainy season since the
bacterium thrives in water. Transmission
occurs when humans and animals inhale dust
bearing the bacteria, when they drink
contaminated water, or when their skin
abrasions come into direct contact with
contaminated soil. Contact with the blood or
body fluids of an infected person also can
spread the disease.

Symptoms of melioidosis include fever,
anorexia, muscle aches and chest pain. The
disease can result in pulmonary infections
ranging from mild bronchitis to severe
pneumonia. Some patients also suffer septic
shock.

“We can learn from what is happening in
Thailand, where melioidosis is causing many
people to die from septic shock,” said Felgner.
“An outbreak of the disease in the United
States would be devastating, made worse by
how difficult it is to treat patients suffering from
this disease.”

B. pseudomallei, an intracellular bacterium,
grows and replicates within mammalian cells.
After it has entered a cell, it is hard for
antibodies to kill the bacterium without also
permanently damaging the cell.

The research at UCI will be conducted in
Felgner’s proteomics laboratory, which
belongs to a group of on-campus biodefense
laboratories developing vaccines and other
countermeasures that target infectious
microorganisms. Felgner’s research group will
generate the B. pseudomallei proteome, i.e.,
all the proteins encoded by the genes in B.
pseudomallei, to identify antigens useful for
developing a vaccine against the bacterium.

UCI's Center for Virus Research is in the
School of Biological Sciences. Felgner will be
joined in the research at UCI by Luis Villarreal,
director of the center, and D. Huw Davies, an

http://today.uci.edu/news/release_detail.asp?key=1203 372
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immunologist and an associate project
scientist in the Department of Molecular
Biology and Biochemistry. The three scientists
will also collaborate with the laboratories of Dr.
Richard Titball at the Defence Science and
Technology Laboratories at Porton Down,
United Kingdom; Dr. Gregory Bancroft at the
London School of Hygiene and Tropical
Medicine; and Dr. Ganjana
Lertmemongkolchai at Khon Kaen University,
Thailand.

About the University of California, Irvine: The
University of California, Irvine is a top-ranked
public university dedicated to research,
scholarship and community service. Founded
in 1965, UCI is among the fastest-growing
University of California campuses, with
approximately 24,000 undergraduate and
graduate students and about 1,300 faculty
members. The third-largest employer in
dynamic Orange County, UCI contributes an
annual economic impact of $3 billion.

[ back to top ]

A Service of UCI Communications © Copyright 2002-2004 UC
Regents
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University of California, Irvine: Instruction & Research

UCIrvine 1 -

University of California, Irvine @ QuickLink ¢ Full Search c Directory

| Instruction & Research

| Academic Units | Research Organizations |

| Instructional Resources | Special Programs for

Prospective Students Students | Programs for Faculty |
Current Students

Continuing Education
Alumni & Friends

Athletics

Academic Units

- Claire Trevor School of the Arts

- School of Biological Sciences

- Department of Education

Libraries - The Henry Samueli School of Engineering
- Graduate School of Management

- School of Humanities

Instruction & Research

Administration - Donald Bren School of Information and Computer
Employment ~ Sciences

Health & Medicine - Interdisciplinary Studies

Campus |nformaﬁon = CO”Ege Of Medicine

- School of Physical Sciences

- School of Social Ecology

- School of Social Sciences

- Undergraduate Academic Programs
- Graduate Academic Programs

- Summer Session

- UCI Extension

| back to top |

Research Organizations
- Beckman Laser Institute
- California Institute for Telecommunications and

Information Technology [Cal-(IT)Z]
- Cancer Research Institute
- Center for Asian Studies
- Center for Biomedical Engineering
- Center for Cardiovascular Hormone Research
- Center for Community Health Research
- Center for Decision Analysis
- Center for Embedded Computer Systems
- Center for Functional Onco-Imaging
- Center for Immunology
- Center for Learning through the Arts
- Center for the Neurobiology of Learning and
Memory
- MuSICA: The Music and Science Information
Computer Archive
- Center for Pervasive Communications and
Computing
- Center for Research on Immigration, Population

) 374
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http://www .uci.edu/instruction.html

and Public Policy
- Center for Research on Latinos in a Global Society
- Center for Research on Information Technology
and Organizations
- Center for the Study of Democracy .
- Center for the Study of the Health Effects of
Exercise in Children
- Center for Tissue Engineering and Regenerative
Medicine
- Center for Unconventional Security Affairs
- Center for Virus Research
- Chao Family Comprehensive Cancer Center
- Critical Theory Institute
- Developmental Biology Center
- Epilepsy Research Center
- General Clinical Research Center
- Genetic Epidemiology Research Institute
- Global Peace and Conflict Studies
- Institute for Brain Aging and Dementia
- Institute for Genomics and Bioinformatics
- Institute of Geophysics and Planetary Physics

- Center for Global Environmental Change
Research
- Institute for Mathematical Behavioral Sciences
- Institute for Software Research
- Institute for Surface and Interface Science
- Institute of Transportation Studies
- International Center for Writing and Translation
- Irvine Research Unit in Health Policy and Research
- Irvine Research Unit in Hearing and Speech
Sciences
- National Fuel Cell Research Center
- Newkirk Center for Science and Society
- Personal Power Systems Research Center
- Reeve-Irvine Research Center
- Susan Samueli Center for Integrative Medicine
- Thesaurus Linguae Graecae
- Transdisciplinary Tobacco Use Research Center
- UCI Interdisciplinary Center for the Scientific
Study of Ethics and Morality
- UCI Stroke Center
- University of California Humanities Research
Institute
- University of California Institute for Research in
the Arts
- Urban Water Research Center
| back to top |

Instructional Resources
- Antlink
- Campus Writing Coordinator
- Catalogue, UCI
375
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- Electronic Educational Environment (EEE)
- Instructional Resources Center

- Learning and Academic Resource Center
- Libraries

- Registrar

- Schedule of Classes

- TELE/WebReg

- TELE-Vision

| back to top |

Special Programs for Students

- Alliance for Graduate Education and the
Professoriate (AGEP)

- Campuswide Honors Program

- Center for International Education

- Composition Program

- Learning and Academic Resource Center

- Scholarship Opportunities Program

- Student Academic Advancement Services

- Summer Undergraduate Research Fellowship
(SURF)

- Transfer Services Counseling Program

- UC Leadership Excellence through Advanced
Degrees (UCLEADS)

- Undergraduate Research Opportunities Program
| back to top |

Programs for Faculty
- UCI ADVANCE Program
| back to top |

UCI Home | Chancellor's Web Page | UC onthe Web | Campus Safety | Comments & Questions
| Text Only

University of California, Irvine, lrvina, CA 92697 (948) 824-5011
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