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AP $0AT 7k 48 BE R Rl B RS 2% R E A 5 & Z MHBAST £ ARE
Ik EN 25 B B A BEE B 22 E B@ = (National Renewable Energy Laboratory,
LUNRETE NREL)Z HHY > B T R E R HY &R RE R fiT - JRAE Pin-Ching
Maness % 5 B = 5238 T pilE ME AV BB A B IO Z 5oifr 5 - AT %
A= W) A R B A R RS R R AL Ry b @ AR R AR EAE R b T
75 (B B PR Y AU AR (R AR PR T HL R BE s EOR E RS VB IR AT A
D BUSE R E R R BERANANE - 54 - WHR Clostridium B & ik
&t 5 cellulosome » o] H B 4 #8 4 4 2 > & BH 5 Consolidated
bioprocessing(CBP) %2 » & % & & B 22 /K il fo %% B Wi (il B AE - 6 o]
SRS TAENES  FIUER  Hk 2K AKSE BE—-EWE
+7

EH MR =BT R ERE T BIZ2 8 NREL 0 52 B X #Y 2 {F
B A B NREL BRI 252y E & ST S EV 2 - WA E AL
TR BT Fe R WE Y B 9E S A R — D AV RR Rk Bos i B  PR BA BR R
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Ry BT BLSR B PR AR RE T B = (National Renewable Energy Laboratory, DA T~

T NREL)ZH&EE @ (RERKBEIEAE M - SRR B B AT
RIEERIZ N NREL B80E > HEfT RJUF4E(2018 42 7 H 6 HZ% 2018 47 12 7 31
HIE)Z 88 - AREE LRSI Pin-Ching Maness HY B 5 HEfT 4 AE
JEBZE - Pin-Ching Maness JE (i /EV)ZE SHIER » EERATHHZE EEHLZERMEY)
HPRA > FIFEPR Clostridium  ljungdahlii i i sa(Hz FI CO)BEE Ryfii ikt R AL
fh o TECERRAVESS R AT DRI TR, ERDR - R s aEsRaRE R
F(H)FI—E(LHR(CO) - EIF CO EEAAAEY) - WA BB BRI R
PETTHAGRE > 98 EEDE = RARAIIEER A A » i DSOS R R B RV EE -
7Y NREL AA3EHY - PESE T 00l - REESEEY - OR R S aig# 5
EERIEGFEREM G - P EgR - EEgRE e TR AR

ARSI S - AL AREE AT E 2 H A B TR A
() BRREA BB BRI Z BRI © O RS R R IR LR g
FEIRHES R AR YR A SRES DRV - B B~ FYIEAL - S5
GRS R A E R AR R IEIRE Sy - 2235 Clostridium H B 2F 1R
B BRI - A ER(EAA RS - INAIE AR & EIT e A
(EVEILARKEIEOR 2 EE R E G e SR SO o B
PRI R BRI A (R 2 T S RIS E %
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AR BN A DARTIE A B ARG & 178 - A R TSCE VR i 1 bk B 1
(B R B A B LR AL - WS 2an EE T AREIIERT 5% - it NREL 2
FEIE I S<EIRE R E (Department of Energy, DOE) Ay B i = » HH G A HASEE A 22
DEEECRERITA) BRI R B8 Al PR s — RIS R R S
RER P A2 —Firl - Pin-Ching Maness(411E—) R EIPE A1 2 A HAE IR 2 0 18
ZREGEREEY & TEEBEE LR YR AEYINET BRI
NREL £#48 TAEERRAE - EFLYHEEERTLL email 775K Pin-Ching Maness H{
R4S e E G E » Pin-Ching Maness [B](Z 2 » PEEUET SO EE -
HTA S BUR T RAIRS 28 51 K BURk M 22 (Sensitive country) » #2085 51T ERR
HERZE ST T 0EZ B GBS - SR T REEE
ARHEAZEY - WikpBIHHEE J1 %58 - NREL AR LEZHETHIGE i
W% -

\

» Group research manager-molecular biology

» Research interest:

(1) Biological H, production from renewable resources
(2) Syngas fermentation to hydrocarbon biofuels

(3) Pathway engineering, regulation and system biology
(4) Bioreactor development

[&— ~ Pin-Ching Maness [1]

F2H



T ATAPERIRIER

HR | BHHA WA
1 2017/12/9 Contact with Pin-ching & send CV
2 2017/12/18 Phone interview

3 2017/12/27-30 | Confirm my qualification

4 2018/1/2-1/17 | Complete the Collaborative Appointment Approval form. (1) CV (2)
Letter of support (3) Proof of insurance

(4)Collaborative Appointment Form with signatures

(5)ID card and copy of passport

4 2018/2/2 Pin-ching: Taiwan is a sensitive country. The application must goes to
a committee for evaluation.

5 2018/3/5-3/19 | Reply the questions of committee:
1. The benefits to NREL, DOE and congress
2. What expertise this person can bring to NREL

6 2018/5/9 The application has been approved

7 2018/5/10-5/30 | NREL assignment (HR, Insurance policy, J-1 Visa)

8 2018/6/4 DOE’s J-1 program for review & Get DS2019 for J-1 Visa (6/11)

(ZYAETRE

ARENEHEEFHEE 107 47 H 6 HE 107 4 12 H 31 H ik » 35t 179
K o NREL J@FH 2t S - #8EE1E Pin-Ching Maness HY{#8) T » A& &L
4B E1ERTE F(shared house) » WifE 7 A 6 H EPKEESEFRE AT - Pk
TEEE < i (% B BER A BIR LR 2 IN AP HRI%Y > Pin-Ching Maness 15 2=
PRI WAATREN(FrEHEL - B EHELTE NREL Golden 43 Pin-Ching Maness &
Bue o ETERMATT AT EVRSGETIREIR R ERE L 2R E - BEaE
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=) EEHRL NREL fl7T

1. NREL {F: 7

NREL E2=ERE i ERXRERE 2 — BBUSHAREM - L%
HMAREL e - REE NREL B 5 48 i Bl & F (https://www.nrel.gov/)
R o NREL EEHEB /G S ~ TREMBMEHEEK 20N HAE
B~ ok EE T RE TRBOCR R B G RE TR A 0 VU KA (A (AR ) e
FEEABENWY  EEAHE - B T] ~ KIGRE KK TJ#E - £ K@ E
W El oy o EBRAEVE - S VR EM AT o (HE S T B AYEE
WA E IR F R - ERITBEBRRCRAVE 77 > FIHE SRS B8
B RKFEEREFRNER  WEGAImMLE TR BELEMITTS
FEH#HBFKR EZLEFBERAGEGEH T > ZEB#SNREIKE
(high-performance computing , HPC) - & 5 a8 Ji 2 A FIUR FE > (K5
REARAYE SR E B = R EROURIGEE R E B E LY EH
BITH & 722 ) B Y H Ay - Al it e il i o > S MR R~ (B2 -
FORME R BER AT F AT T B e TR R s R I 2 B i £ 1E -

Sustamable Energy Synterms
Transportation Integration

& — - NREL Z £/ kAMHEErE [2]
%5 H



2L B &4k
NREL fir f£ 7 2 fiL % JN - 5 Wi {8 73 & > —{E4E Golden > {53k 327

FHM(WNE=) EEHERRLERGESHERFEM R ERE
Gk SR B g B R K IR R Sb & 3 5t (Leadership of Enerfy and
Environmental Design,LEED)H & 4k 5856 55— {E 53 ZL4F boulder » {5
# 305 SEEA 0 BB R EGERFE 0 0 EFEEST 1L.5MW GE I 3MW
Alstom J\HE B &5 R ~ 1 BE R 9% I A T AY RIS

MK EEANE EEH A ERIEAE 77 - Ly Golden 73 & »
A 14 BRZESEY) V[ Hc B4 & 20 & P - i $k £ 2 AE FTLB(Field Test
Laboratory Building)=i IBRF(Integrated Biorefinery Research Facility)

TER AT > SHEEYEA NREL bus shuttle fip i A BHIE F) -
FTLB 2 DL L Fyac st 24 - fiAr A E SR Z/NE - e BN ER
AR —F ° 15— IBRF A2 4B BCR By 53 > MRS H
e — g AR B ORHR Z B

~ NREL Golden & &[3]

%6 H



& P~ NREL 2% #5297 °F i fic 2L [E  [3]

3.5/ 5 77 4]

NREL F 2 Y058 A = (@ > 53 A2 H A
BE&BENE S =M RES -
LEREE -
JR\ B B 5C T A AR R - B R oy BCGUR A o st b R T T e g Y
Ml 24 (A1 1) ME AT RE RS B 5T ~ TR IR MBRss - S7 4k B 2 B AT B oK
5390 81 8 o B = R /N B R I BE S BE RS ER Bh A 4L -
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71 - NREL Boulder & # 1t [4]

()& BEEE -
FEAEEREE D & B VUE S H R B & EBYREST - £hH
B-4AEEFEABCEEBRURESUENHEE - FHlNE 428
FERMTHE R D A EE P ETRREDNR S I8 HEY
EFEEGNE SRR 2 R T — (E B AEE NREL 5t i
TR UK - B 1% 1 5 B e 15 i SRR A 17 &K% B AR a4 H o3 i (A0
&) -
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FEEEm

Bt~ EEREHE T A [3]

FEAEY RS T > EEEEEE - RIREE S TR XG4
BRIFEESEABNDEMANRKERERE TS - 48 EH - NREL
o R OK B2 B - e A2 B WD 4 A R i B — D R R A N AR E AR R AR
BEMm  FEBRER WAV RELE - EEEYMEE S > FIHRER
E.coli # ¥ K 7% (& EFE(Ethylene Forming Enzyme) 2Kk 3 fji1 7. ¥ i 3
W0 534 8 L % B (Cyanobacteria) B 3 i — S LR E (L R L 4% -
Al F B 4 UG A2 S s T (Integrated Biorefinery Research Facility,
IBRF)H#E 1T iR B et (A8l /\) > & FHETT R R LRy RS -

EAEREIJRE 4y - FFHEFS 5 Clostridium thermocellum ~ B 4%

& (Cyanoaceria Synechocystis sp. PCC 6803 ) iz fifi 5% (Green
algae Chlamydomonas reinhardtii) =4 G A ° Bk & & Clostridium
thermocellum "] L H# F| @R/ P EEZE RN G RM AT EZRER

KR EE > W& TEMEEN T H » i FRFEE C. thermocellum 1Y

%9 H



&% > 3 acetate, lactate, formate,ethanol 5 & X ## £ 2 & & 1Y 1%
& > FE IR T E0R 5 H & & (hydrogen molar yield, mol Ha/mol hexose) >
HEIESREHEERZ 10> KM EHEWNEE T &S [5] » B LA
SRBHELSRMFEEZ M - MAAELEE 2 - # A Clostridium
acetobutylicum fY FeFe-hydrogenase 5 2 Rt > 2 &F > [FK
EMEE RO RFENVELADR - SRR T HRE RN E
44h 0 BANEESEE T CAP (Combined Algal Processing)#f2 » A Hil i
55 456 7Y # % B 32 B K. (&R 47 B (SLS, Solid-Liquid Separation) » CAP &]
DUSE 0 2 846 66 & 75 25 - BE pa T 1% 1Y SR R 0% E B ARG S B 0 B A
A B AR ORI A BB o BARP R FAE B
# A AR A E TR 0 SRR -4L% 73 Bt (techno-economic analysis ,TEA)
F &I 50 & = (GGE, gallon gasoline equivalent )a] [ /& 0.95 ¥g /Y
R A [6] - [+ Ry &R A O & 0 E B AR E VR R B & -

B2 B8R o - NREL 2% 2 R (L (gasification) k& 2 fi#
(pyrolysis)®4F2 - FI| B % 1& K} JR # 17 pilot-scale A » RALE LG K
Ao E AR F AL E £ F 2 - DME(dimethyl ester) K & =7 Jo¢ {H i a0 55 -
SN A E YAl ] A R R R~ AL R R AR R L
DB W R B 2 e (WE -+ —)

&\~ BERAEEBE TR [7]
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8Nd other NREL researchers axperime

algae as a renewable source of tood,
Consumer products, and biofuels

B+~ SR I £ fF P B A B R R AL R S (7]

Gas Cleanup
Solids Removal
Reforming

(Gas Scrubbing

Gasification Fuel Synthesis

Blomass

Upgrading

Fast Pyrolysis Hot Gas Filtering

Vapor Phase Upgrading

Hydrotreating
istillation

Catalytic Pyrolysis

=

B+ — - SRR S R RRE SN [7]
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IXFZEE

BEXGEtER - ETRWARGEN - KEEHLRGES - K
b5 BE =~ 1 85 W 9% o0 A 2 DU R RE IS » 10 K F5 BE = B R SHA W - — 2 %%
o TRMER o NRELWE WM EREME - BB E ERY &
FI S 2 KBS BE AR > BR 38t A AU R B BE AR (I [ -+ =) - i =% Tl A
PR T B AS A 0 DA DS BT g (Passivated FSF) » e/ B & o H(#
Fn-Cz(Cz: R ESE)WEBILENEdG - B> BB SBHY
(Y 2 & P 2 AR BRI o 4 Rl ) B R B U PR AR R R A SEOR KL T - B
TR F R g P B Passivated contact » 3 5 50 R [ K - [F] B A [ 1Kl
K o

1T 2% & W B K 155 s B8 F B 5 B S i {1 88 (Cd Te) 1 4 AL 80 i $%
(Copper Indium Gallium Diselenide > CIGS) - #if (L $7 o] 1F 65 {8 57 #Y 3%
Mole AR DRESEEE > WA RS ET > BAiEBRGERY
22%:- CIGS {1 K #5155 s 3 AL Ay S8 5 BBt A2 40 Hh e 3 R A R e )
A /] T T BEL 19 D (Y M A R AT B A 22% 0 RE S LA R i 16% - H
GitsaE = AL R TNEEENR  BEEHNMERBHE
(Glass)s 2 A AT M nY &8 (M sa & & 55 ~ #1565 )2 Polymer »
R EERHE 8 0.5-1 WORAYSHITTE Mo fE B &l - EEEF R E
MEE > EE—@Rk CIGS Stk g »  E—/E K+ EH CdS > DIk
HAE®SEFAZ - ol BEEFREANNEE » S0 ZnO-HHA
B ITO B HERE - Al s @sm - AAKEM - BB SMEE -
R ZIMERE RSB E - & L PTal - PR TR E RIGRE IR ZESN - 5B #
FOCMER > ROEEE > AEREREASEHEANE S QE ) - 5E
B RIGREENEEAEE 110 MW - BRI KB AEE 1 2S5

e
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High-Efficiency Si PV
* >23% cells with industrial methods

« Complex metalization
« Advanced architectures
* Many expensive steps
* ntype Si, bulk > I ms
« Contact passivation S0, ARC
Mr“m
T stpets
-—.—mw
n—om-n.
L)ul-
Next-Generation Si PV (industnaty miovant 23% 18PC col)
Steps 1o lowering costs: Farevaon bS5
@ Sustanieprove bigh Metimes (> 3 ma) n nC2 Bulh delect
wafers MrougnoUt prOCeSaNg sleps megaton
© Fom e cow paswated coneacs by rove! Pasavates
PINETEd GO0 ICTTVGLES (O ETCaton. PRy crlnc
NANCONNCTRS | Spetal sooant
© Use ow<cost metatizanon sechaguos ’
Advacce) \
© Suteof the-ant peswvation of o wrtaces ~etahratcs Asvarces it TG

B+ = KA B RGEE [8]

Copper indium
Galtium Selenide
(CIGS) y PR .
S 200,10 - 25004 (RS TN 4 TTEREIR

S-200 (WM RFMW)

% 13 H
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&0 KIZGREE T EERE 110 MW [8]

4 NEE

NREL K&H 2200 BT >tk a@ L& s - BExR -
THRE - Ffir A - BEAE  HEEMREEE  ABKEAZE 10
EARFENER - EABFIEM S KBS - SE5EANBT ST
TE WY 25 A A B B UK A R B B B A U T B A PR B -

.M BTEE

NREL HEUNFTA » ZHAAMNAREEBSEEHE > HE & EER
RE R ER R B B & LRI SR B S IH H 0 2018 FRHKELI =FE /(T
W £+ ($382.7 Million)ZE e (E + ) - > HREEHBEEG

BERI R B G R K 5% - AT /UE /S 1 8 ($48.6 Million)E T I TEE
%1 H



SR R EN 127% c HXBAEERE EENINTEELCHE
($47.7 Million)3=7T » {5 12.5% » HAth A2 £ & f£ i S % 8 - H% R ED
T(EFHE - QEHE) EHRAGESE - HitET > ABRANKRE
SHYEE Bl R - B A overhead WY G > AN ANEEME > FAEF
HHy 23 A s  MERBREREEHSERE > AR AR
DAt EREFNESSE BaNENFSEABARTEN - — B
SRR T > BAEKEE AN BRYER > SCREEHY > [ HE S0
MECRERHIH R R O AECHE B # T - BB EAIRE
TR EEAR - BE{T B E R E R -

FY17 Business Volume by Funding Source (in $M)
Total Amount: $382.7M

erations,

Wind, $24.2 Water Power, $7.3

x

Geothermal, $3.4
ﬁ;d Modernization, $1.4

Dept of State, $3.9
= Federal Energy
5 Management, $5.2

Advanced Manufacturing,
$4.1
Weatherization &
Intergovernmental, $1.2

Strategic Programs, $8.2
Systems Engineering &
Program Integration, $5.8

& 71~ 2018 FEFH R AR LKL oy ic [2]

Fuel Cell Technologies, $17.1

6.4 5 B PE A 1%

NREL 7 % TSR IS SR EE S FUE (T & 1F » BRI A (E - RIS S
IF R S A F - 1R 98B VS 3T BUE S » 2015 4R k8L 231 7 (9
Wk & (ESL4Y » B3% I LA/ fb S HE 1T & 1E (AU B+ %) » i3 BB S
T RS A L

% 15 H



TECHNOLOGY PARTNERSHIPS (FY 2015)

231 new partnership agreements

$33 million in new partnership agreements value

684 active partnership agreements

Including NREL's 231 new agreements in FY 2014, the laboratory
maintained a total of 684 active partnerships.

4% state or local government

[+ 75 > B R B R 2 &Et (9]

7. R E o A

S 31% large business
federal government
_small business
~ 9% nonprofit

- educational institute

HE B | *ESE4EFERE(NREL) | KTHEZATHETEF(NER)

HERTE RBUFATA > ZEINT | R BUF AT %A 10T 52 TR
REEBEEEH - RAH] HE G A By 1T BUE A

ANEEHE 2200 % B T.* 792 Z B T

MBHE 2018 £ 3 fE 827 & |KEKFELETHR - 5FE

($382.7 Million)35 7t *

BUF K R [ &5

EBERETRITE | FH LY RSOt R

AeR R AL & | B
g'ﬂ:%nn °

RGP 4= F L ES
VAL R AR BCE E AL 2

]
oo °

%A NREL &

R AR

75 48 1k https://www.nrel.gov/about/ (2018 4£)

A E AT Z 1T BUA #2018 4F)

% 16 H
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(—) EEWREIE

1L AEE NI
MAMAEREERE S R R R KT TEHEH DNA- B8 57X
B LU &7

(1)

Gibson assembly method

JFHL % IR B Hy DNABETRES - DE+E &G - AR K
A B /S AH NEBuilder assembly tool 5% &t 5]+ » 2 &
HESIE S - BEE(H FH Gibson assembly master mix kit »
It kit EEH 5 exonuclease ~ DNA polymerase ~ DNA ligase &
WG M > w3 B fE FHAE — il 50CE HE - 5° exonuclease
ez A~ B R BEHY 5 U 51 o (5 2 BB Y 03 BT DAAT A &
SEHEITRE & > 235 FI A DNA polymerase i % % i 25 » f 1%
FEX] A DNA ligase #1735 = - & A~ B |/ B HJ DNA & 1E
—RIP R —E &R ERAVEHER - &% A R 4-6 #R7 &2

HE -

% 1T H



dsDMNA fragments with overlapping ends.
A
-
Y ——

5
3

-

—

Gibson Assembly

Add fragments to
Gibson Assembly
Master Mix.

|

'- DMA fragments anneal.

e 3 5
mh— 3

" DMA polymerase extends 3° ends.

i

Incubate at 50°C
for 15-60 minutes. 5r’ Lo

" DMA ligase seals nicks.

rr Fri

Y

i o

A+B
Fully Assembled DNA

&+t - Gibson assembly method 7 [ [10]

(2)SOE (Splicing by Overlap Extension)

JRHE A X B f# & overlap extension polymerase chain
reaction (OE-PCR)> 1] DL H 2K gl & B¢ (& 1E 7 41| Fh 28 i H 73

IREGE R /N B Y DNA R A

primer & £ A F B2 o BB -

primer 8 & 1Y £ £ 49 k5 20-25bp- 55 4) > primer #Y melting point

(Tm)f£ PCR [ fE s 75 % & #

% EEHE PCR ZFER » —

G 46 5 (& {& 2 7] St A 0 primer > SEEEERE R - REFMA
primer BURBATEEAY 7 B (A& -+ /) -

% 18 H




Extension PCR

— —

R Nl e

Overlap PCR

\ 4

Purification PCR

9

& /0~ SOE ZJRHEB@E nEE [11]

2.5k . F HY B2 & - Clostridium #& & ZF fH 12 B

REFAEEBRAENERRGER PR AR GREE @
T BEZAMRERA T HEELEE > EEZ T 8

[E

% Clostridium acetobutylicum ~ Clostridium thermocellum -

Clostridium ljungdahlii & - X G~ EFERH -

B 71~ AR FARE [12]

% 19 H



(1) C. acetobutylicum
1916 4 # 5 B FF £ 5% Chaim Weizmann £ 5K & {F £ (L 20 A A
R R E o AR I ”Weizmann organism” o 5 HI iy
B 4 A By ATCC 824 » it BY RE B 222 (U3 2 2R S
11 A % BE A [F] Y72 0 acetobutylicum ®] R A 2 T By R -
BE#gER - B - TN OB ~ PR EmE) SRR > £ R
it o 3% 4 ABE 2% [ #2142 ( A:acetone , B:butanol, E:ethanol) >
AEA IEHNAN -6 EHATEM1IEZHNLE - JEM
PRAEREIEE - LRV B S I B L TR - & A
VIR % T E S R BEZAVE R EE - 2 B AR bER
S 22 1R BB TR AY O B i R BH B - 1 R ER R — 2 Ry It
j7‘% o

(2) C. thermocellum
FIERMNMEAH  EEANEEEBEHHEE - TENFEKEE
J> B B PR BT DAE A S consolidated bioprocessing(CBP) » CBP
BE T B R OKME R R B (E ) EBEF AR B AR
R EEREN  LEKRERF —ERSEREE > 1
cellulosome - ¥ 7 20 (& H fEALJE YAy X E AL > B HE 4
cellulase 4% » It A4 M H B HY cellulase N[5 - cellulosome
HEMBEEZEASEENE B HE SR - HILEKER
H: i 2% B2 B EE &L {5140 acetate~ formate- lactate 1 hydrogen -
AT AE AR TR B2 % ) Y 401D 1) G A ST R 18 B 3 9 i R E
M5 o MAE NREL - W F Atk R EE B R - IR S RE H Ay
fEM -

% 20 H



[Enzymatic subunits]

Type N
Dodwm\ Cohesm

| Bactenal |

yl l\

{ \
|

c thommlw

Scaffoldin subumtl

Anchonng
)rotem

B — - - C. thermocellum #: 77 CBP #f£[13,14]

(3) C. ljungdahlii
Rt iR A - IR AR AR S R E — B > o] DUA R 2R
FEfg > HA BN ESHBREAR - EELERRKRARET > £&
H W {E L H & € o — & Embden-Meyerhof- Parnas pathway (EMP
pathway) - — /& Wood-Ljungdahl pathway - EMP = E 2% 4 7 R
SETETEASE UHEZaERERBERRESE
pyruvate > pyruvate $ % acetyl-CoA i i# % acetate fil CO, » H
772 = B CeH1206+2H,05>2CH3;COOH+2C0,+8H +8¢e™ ©
MAEA SR T »acetyl-CoA & i A TCA g &= 4 #t &= (3SNADH -~
1FADH,~ 1GTP) - [fij b B FR R PR 89 52 - Bl 2 =] LA EMP pathway
Z CO, fif #E — 2 i i Wood-Ljungdahl pathway 5 £ b 5 B 17K

H 52 B 2C02+4H,—>CH3COOH+2H,0 (W — 4 —) - & 4% »

%21 H



R ARNRIAE - BT EAERERKI - g EE ey A KRk
fig » 40 ethanol = 2,3-butanediol % - F7 LA C. ljungdahlii pf H
fit E AR A FEHZE > ERES S A A A ERE > A
15 e w PUA A &R (H) F— S Bk (CO) i i CO2 EE A A E
P) - 1 CO CO, IE /2 il # B i 2 B2 £ E W) 130 T g S ) mAL I
G R R R 0 A IS B RS TE Y SR G AR EE B EL KR M am B AL 2

o ARKHY @SS BB E A E KR E K@ -

The Wood-Ljungdahl Pathway
Cco,
qun l
HCOOH
H,folate
or Methyl l CODH l“"zu “Western” or
Branch ) CH*'sH folate CH,-Co(lll), co Carbonyl Branch
‘IHz’ll c A
M o
CH,=Hfolate MeTr ACS o B
“H,” l cotl & (Cell Carbon)
o) P
CH,-H,folate CFeSP H,C SCOoA~, Acetate
+ATP
|4H, +2CO, > CH,COOH + 2H,0|

& — -+ — -~ Wood-Ljungdahl pathway /r = [& [15]
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(A AN TR
HFy C. ljungdahlii N EA 5 - S AR #E T ZEARNTE

KRN K E B T & C. ljungdahlii (YR B AR » AEB NS FEE C.
ljungdahlii &Yy = 3 & 48 [ ¥ 04 4Tl & erythromycin % K 2K & B & 2 -
L EEAIT

A. ¥ NEBuilder Assemby tool #t 48 T. E 3% = primer(Z1 & — + )

NEBuilder

Assembly Tool AR AL
| * Gt Staried
LA NEBuldr Assembly Yoo con be wsed ts design primers for your NEBulMer M ONA or Glbmon Assemty reactions
ol ot IR l ' SMEt satjusncns and the pidyines s t-m, usedl fur smglfcation
Bask thhage
L Set mnhﬂm:cl cude mbes of fraprits sed the PCR anzyma. Chands settings ot sy time s
e runums wil e lfl \I!A
2. Bl your (oﬂ\'ml by adding NMapgawnts to veur assam®ly. Tragments can #ss be redrdered o deleten

wth immedate updating of the resdty

HEDder Aspermbily Boal prossdes 4 It of tedquited primets, secommecdad sonasling fempstalie ey, the Ang!
selience of vir assembiad construct and a summary &f the design,

Additsonal m'omu(l-n

o Find morw sbout NEDURIer MIFL DA A Midy of Gllon Asseimitdy
o NEBGISEr miFE DMNA Assam bl Oanieg K l ! Mastar Mix Manusd (POF)
-um \m iy Co: qnu—ul oF
o DIDAOn Answiniiety Master Mix Mol [POF)
| Sat Prefornnces
Nuddd Construct
= Tty s (st Dhgpoon ¥ ittt ol ekt oo
%]Emools (L] Lneymu t ¥ ALY

B — -+ - NEBuilder Z /1 H B~ [16]

B.FF§ PCR # %7 SOE (Splicing by Overlap Extension)fZ JfE
H 3EE KRR B - K/h7r Al B 100bp ~ 1.5kb 1 2.8kb » 57 7]
fiL £ & 7k 21y lanel,2,3 - [fij lane 4 g2 A A 1 70 2 B9 AR [/
Fr#E{T PCR E R JE > lane 5 AIZE | B 2 A1 3 A H [l B2 B
F B #E{T PCR ZE & A B BE BB 15 R Fp 1 RN fe & 0 2 72
FEAE =) HFEENREFNHB AL - % E R
BgU) & 1% » Bl a0 R B HHG AT R 9% -
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B+ = EREED ZEKEE

HF 58 il #Y B2 4H DNA 3% Genscript /& 5] & J77 > 1] £ / plasmid
DNA = & unpurified PCR product fg I B A ¢ 51 2 &5 [EH -
2% FI| B Qiagen bioibformatics -2 CLC Main Workbench
ET R A M BE R E N E  ERF
IR E B LE ¥~ E R &5 RV o3 S > &0 mT DAA AT L KA #E
T ze (anE — ) -

L e I e e 4
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e
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-
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IQew s o A -
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& — P9~ CLC Al fracae 2 R m| [17]
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QIREFEE&E
AREE T
T C.thermocellum 1 55°C B2 & 4) » HEEEFE 37CE=E -

AR LSRG IR (E (A — 1 11) > S #EE ARV COY anaerobic
chamber > 2EE RS RS B85 85% N, ~ 10% H, ~ 5% CO, » AR

B RS RN A RS RN &8 MERFENMETTREIRRE - 5550 - il feks
BB A SR REE - A SR ABRERR T - 4R RDR RS
'

i B e S I— o [18]

B.5E & IR
MIRFHEEFEEEFH A CTFUD Rich medium » {H (5} Yeast
extract % {i &5 73 A A 5 - MCELT U P o Ak > (£ CTFUD
Defined medium » K fji Yeast extract - i F 41 & — -+ /NP~ °

% 25 H



Reagent FW (g/mol) Amount (g/1)
Water (to 1L tinal volume)
Sodium aitrate tribasic dihydrate, 294.10 3.000)
NayCoHsO5- 2H0
Ammonium sulfate, (NH4) S0, 132.14 1.300
Potassium phosphate monobasic, KH,PO, 136.09 1.500
Calcium chlonide dihydrate, CaCls-2H,0 147.01 (0.130
L-Cysteme-HCI 175.60 (1.500)
MOPS sodium salt” 231.20 11.560
Magnesium chlonde hexahydrate, MgCly- 6H,O 203,30 2.600)
Ferrous sultate heptahydrate, FeSO4-7H,0 278.01 0.001]
Cellobiose 342.30 5.000)
Y east extract 4.5(1)
Resazunn 0.2% (w/v) 0.5 ml/l

* Adjust pH ro 7.0 after addition of MOPS

25 ml 1000 x vitamin solution recipe

Component Amount
Water (final volume) (ml) 25
Pyndoxamine HCI (mg) 50
Bioun (mg) 5
p-Aminobenzoic acid (PABA) (mg) 10
Vitamin B, (mg) 5

& — 7% ~ CTFUD media Rl 4 fir a3 2 fic /5 [19]

C.A KR
& C. acetobutylicum Bl Z H A EiR)% » £ CTFUD defined
medium #E{THE - 3 BII0A 5 g/L K 20 g/L (Y ARHE - B 5 H
R &g o M AE 55 BUW WAL BB R ETT U o - FERIE R E &
EER N RIS B EE % ODeoo 1] 2 1.2 (W1 =+ ) -
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OD at 600nm

Time (h)

[& — -+t~ C. acetobutylicum 4 & K50 (A0 52 4& B4)

(=) W&

A3t [ 5% 2 05 3 5 1A T

I A RSB 0 b AR R B R T RS B AT 2R A3 BT TR R S Y Y AR
RIS DAFI R 2R AR R 18 2 A AL - M B B B 45 R B M B R R
H Al IEAE A T A e

B 4E 1) 5 IR T AR 352 i 4 o

KEB R EREH AT RESZE 7564 E 2 DUATE £ 1A
EERNEE EENHRNRE AR A EAHBMAERTRES &
HERBERIWEITER —ENER > LB INE  EA%
JCHYER A ) T A » 140 NEBuild tool & CLC software % » 3 R HY
BT - oML EMERAS - BT T THEEE - XA
HeE > ERFLEBHT  BMEERELINME -

CAIE AR BIFRERI

18 H ¥4 Pin-Ching B 7 W B 0 B % 4208 KRR AV RS > S548IR T

— iz, mentor: Jonathan Lo #{ & Ik Bk & E AV £ {F > Jonathan Lo ¥
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Dartmouth K E 1 > ¥ & NREL fYRIE 5 » HE[f Lee R. Lynd
& B 5% Clostridium #5R 2F 0 A2 6 /Y B B2 > 6 2L 7 Consoidated
bioprocessing (CBP) #UfZ AYHf 5% » 2 17 AL X o R AT SRS e T A - F1 A
HHEE R AR SR ERTER#HREDHNAEE -

D. j 17 1 [7] 8 i fY 8 =5 3 4

FEBEFEGEBLN  ABZEY EBEFREREFYE > EHH
[i5] R B HA I 05 04 B R A > BOEE B YR R A 5 T I (A B AR A AR
o HWAmRMEEAMEERNEVE - EEHEENTERET
DUSEREE N 4208 ~ RIE KRB - £ N AMERE R/ > Biks T
R4 > 7 BT B2 o7 e R Ay i X 1R B 2 o R O B U7 A 2 R
R EBAERANTREGHFE - EFRFH "TREAE2R WEA
2 EBEG T - WEEBS THRENBE G R &S R 3%

L
=
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I~ EEEH

AYERENEE TR Hh=EE - ¥* Pin-Ching Maness ¥(4%
WO B A 28 2 R E IR E RO ~ SEURED 2 st ERIT B B R EE
e - BEEHM S RSB GRETH RN EBESE - HAERARK
R MMENKEEREFEEEM - st HAREER L EROT:
(—) Pin-Ching Maness £ B % iy {8 42 ¥ 72 &, 2002 IR 4 B A 32 1 Rl

HAZ &AM C. thermocellum KA B AL GRAVRE - 5550 » HAR.

&fite cellulosome w5 28R 4l 25 S HLML 2 TSR - A]EFT RS

Consolidated bioprocessing (CBP)&IRE » Kyl (A E IR A BT JBETH « £

[ R R AT RS L 58 I — E T RR R A = Y R R - s v E 3 CBP 3442

BeO/KIRREZ ~ KIENEL - AEY) SIS - DIFIRE R R - T ERE

A Z g o
(RIS E A T A B R A & B AT pTIER I gE - £/ C.

ljungdahlii » =] F1J FI 8 BH (T b B S bR )~ T B B A8 (CO Al

Ho, & BCR) B 4 B AR B AR B L2 & - HAH S QENE —

+\FT R > AEMEREED 53 > BRI 7S B (Fructose ~ Glucose) Je 71 ik

f (Arabinose ~ Xylose) & - T 5 B8 BHE 7] (£ HJ CO =¢ CO 1 Ho &L i

Wood-Ljungdahl pathway i & g ik (Z B ~ TER)FIE(ZBF) - @R

KEFBENWHEEAH  BEHREREARE - £ LELREREELR

5y o FTLLH A R AT ERI S o RIEHE R 'R = A TR

A R TT R SEAL RO S o R R BT I RO A T R R B

e HE AT o BEASAE BB & R 1
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& — -/~ C. ljungdahlii £ f] & i 2 AU B (2 B [20]

(=) ERTBFE T RIS ARBEE T FIATHE - EERBES A GISN » KEE RS

Z BB ANE TR T IR R D BRI E - bE
Fe3 R RN AR R & » MR FITEE R R s ik 2 Bk
SEATHEENE - ARESEESREEER T - THRERIERER - (H
YY) acetate ~ acetone - ethanol -~ butyrate ~ butanol 2 4R S T 2 b 7 AC
27 o B e R RBIBISEE ARG R R STE » SET T
T R ETETEREAN RSB -

Z4 0L REEREERIES
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(PU)FRHE NREL WA PSR ECTEIE ] BT FE Y EL B - HRY NREL iz AE AL
BAERHEERLZ NPT - HE T E R HIRIRE » ERF LS BERSE - i B9
ARE > 1 LEERAA 300 RIEHHK - FrLlIER # a3 A5 #E - H
TIEHPNEBIR S A A ERE S SRy — REES - PR TS A4:
BERNRESNZ BTGV ASRERTTE » IV MRSR R 8 B SIS Rt - AR RS

FORAETTRBUEHIITH - MEA ST I TN - SRR ES AR

i

() HATE EHVREIRE AR R A E - KIGRERHT - NREL 4558 E 2N &
{5 ME BB RHEITE « BRI EME - JEBUFHBNCO) T H R
SRR EIERSE SR > MRS ELE A RRAE WA R
FE ° RN EE R RS — B NREL &1F » B AR AR EIEL SFORVEE -
KU A RE IR < Beifa - SRACEUIFERCA - IR Al AIA AT E IR _EAYAE
i

(73) NREL ZEURENH & TREEY] - FFEFE T R AN 5 2R 54
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G EmEE = B TR A F 095 = UKE R © NREL fERKA
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(DEEETT © IIERELEY 24 R BT RTsE M - MR, B e RavHk
BE N AR ENEL N  HESEREANEGREA
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1. FEEEA R EE =495 https://www.nrel.gov/research
2. #4uEERL https://www.nrel.gov/about/mission-programs
3. BE2E G ISER

4. E 73 EREERE R https://www.nrel.gov/wind/index.html

(6]

. Pin-Ching Maness, Shiv Thammannagowda, Bruce Logan. Integrated System
Dramatically Improves Hydrogen Molar Yield from Biomass via Fermentation,

Hydrogen and Fuel Cell Technical Highlights, 2010

()]

. James E.Coons, Daniel M.Kalb, Taraka Dale, Babetta L.Marrone. Getting to
low-cost algal biofuels: A monograph on conventional and cutting-edge harvesting

and extraction technologies. Algal Research, 2014,Vol 6, Pages 250-270

\l

. B R4S SR https://www.nrel.gov/bioenergy/

o

KIS REAEEE EORE: https://www.nrel.gov/pv/

©

. Transforming Energy through Science, 2015, National Renewable Energy Research
News.

10. Gibson Assembly Master Mix Instruction Manual, New England Biolabs Inc.

NEB#E2611S/L version 4 10/17

11. SOE #gg &t http://openwetware.org/wiki/PCR_Overlap Extension

12. Systems Biology of Clostridium acetobutylicum (COSMIC), Systems Biology
Bioinformatics rostock/Research

13. Bayer et al.The Cellulosomes: Multienzyme Machines for Degradation of Plant
Cell Wall Polysaccharides, Annual Review of Microbiology , 2004,Volume 58,pp
521-554

14. Lynd et al, A simplified schematic of CBP system, 2001
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19. Daniel G. Olson, Lee R. Lynd, Transformation of Clostridium Thermocellum by
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syngas, PNAS, July 20, 2010, 107 (29) 13087-13092
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(—) NREL MIZHTFT# T & (i

Alliance for Sustainable Energy, LLC

National Renewable Energy Laboratory

Collaborative Appointment ~ Approval Form

Complete this form for a new Collaborative Appointment or an extension of a current Collaborative Appointment.

Request type: X Now Appointment  [~] Extension

Guest Researcher's Name: Chia-Hin Chen mmmuwmamm«n

Resaarch (INER], Teiwan
; Appolntoe’s Address: 1000 Wanhua Rd. Jiaan Village, Lungtan
Guest Researcher’s Phone #: 825 34711400 #5106 District, Tacyuan Gity 32548, Talwan (ROC)
eummmwmsomam tw mmmmu 1mmummsns
“PROPOSED RESEARCH 5 O |
Research Project Title omwawwm«wewm
Brief Description This project alms to upgrade syngas [CO and H2) derivad from waste gasification to high-

value hydrotarbon fuels and chemicals by optimizing the metabalic pathways In the
SyIgas ftrmmtln; migrobe Clostridium nmm

ST

RCHER'S HOME ISTITUTION - REQUIRED FOR NEW. APPONTMENT AND EXTENSION

m«mmmvmm summ om-m.n Chem
Chen

DateSigned:  3#(8, 1, 5
Naene of Guest Rasearcher's Suparvisor: | E™tre: W“"""?
W Song Hweng omsw >o|P I
Name of an official duly authorized to P
cammit the home institution’s support V
amount: Yin-Pang Ma Date Signed:
August 23, 2006 Page 10f2
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PARTTWO

(TO BE COMPLETED BY THE NREL HOST)

NREL INFORMATION

NREL Research Point of Contact (POC): Pin-Cning Maness  NREL Research POC Title:

NREL Research POC Phone #: 303-384-6114

NREL Research POC Bldg & Office & FTLB 181

Center/Office Name: Biosciences

Center/Office Number: 2700

PROPOSED DURATION OF APPOINTMENT

July 2018 Detombu 2016
From (start date)-o4f48 To (end date). 8948

B4 Full-time - 40 hours/week

M S ll‘ﬂl‘ [] part-time - & of hours/week:

Will the research project fall under the category of *fundamental research” (2l results can be published freely)?

[:]Ys E]No

IMPORTANT: Guest Researchers may not engage in any DOE funded research that directly contributes to ADPs or other
deliverables and milestones. The U.S, Department of Energy (DOE) does not have autharity to accept volunteer work in
furtherance of its science and technology mission, which means that Alliance/NREL may not permit outside researchers to
perform annual operating plan and funding opportunity announcement work unless they are compensated as employees.

SIGNATURES FROM NREL ~ REQUIRED FOR NEW APPOINTMENT AND EXTENSION s

i
T

Name of Line Manager: Pin-Ching Maness

Sgatre: | 4o, LA [

=
Date Signed: V f/?%%—,—cﬁ— $/f //P

Name of Center/Cffice Director: Mark Dawds

Signature: #71)./{ 5/ g//g
Date Signed: i

Name of Assodiate Lab Director: Adam Bratis

Sgatre: 2 > L =
Date Signed: </ 8"/ /d’

Name of Human Resourcas Collaborative Appointment
Administrator: Stephanie Padgest

Signature: k‘ £ %@\

DateSigned: & /M / 18
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U.S. Department of Energy

Exchange Visitor Program
G-3-00348

Welcome to the Department of Energy Exchange Visitor Program!!!

Purpose of the Exchange Visitor Program

The Department of Energy (DOE) applied to the U.S. DOS to become a Designated
Sponsor of J-1 Exchange Visitors® Program (Exchange Program). The broad purpose of
the Exchange Visitor Program is to promote intemmational education and cultural
exchange in order to develop mutual understanding between the people of the United
States and other countries. The Exchange Program exists in a variety of formats and
permits visitors to come to this country to participate in a wide range of activities. The
DOE is able to sponsor individuals on assignments as Research Scholars, Short-term
Scholars, Government Visitors, and Specialists to provide opportunities for study and
scientific research. Exchange Visitors (EVs) come to this country for a specific
objective, such as a program of study, or research project with time frames that vary from
six months to five years. as determined by the EV Category and the requirements of the
sponsoring organization. More information on the Exchange Visitor is available on the
U.S. DOS’s website: https://travel.state.pov/content/travel/en/us-

visas/study/exchange. html

Pre-Arrival Information
Chia-hsin Chen

July 7, 2018 through December 31, 2018

National Renewable Energy Laboratory
15013 Denver West Parkway, Golden, CO 80401

You will reside in the Greater Denver Area and fulfill your exchange visitor program
assignment at the South Table Mountain Campus at the National Renewable Energy
Laboratory. Each Exchange Visitor at DOE is assigned a host who will provide guidance
and information to enable a productive exchange visit.

Your host for this assignment is: Pin-Ching Maness, Group Research Manager 111

She can be contacted at the following: 303-384-6114 or PinChing Maness@mnrel.gov

In addition, the following individual(s) at the site are available to assist you with any
concerns regarding your stay.
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Pagelofs Sponsorship Request package for Cha-nsin CHEN
[full name]
Request for J-1 Sponsorship
Part Il
To Scholar

TYPE OR PRINT itemns #1-16, and sign item #17. The information provided on this form will be used to
rate the J-1 or J-2 Form DS 2019(s).

1. | Name as it appears in passport:

Last Name: Chen First Name: Chia-hsin
Middie Name (if applicable):

2. | Preferred Name:
Last Name: Chen First Name: Signd
Middle Name (If applicable):

3. | Home address, induding a contact phone number.
No.3, Aly. 50, Lunding 2nd St., Guiren DisL., Tainan City 711, Taiwan (R.O.C.)

Street Address
100D Wanhua Rd. Jisan Vilage, Longtan District, Tacyuan City 32548, Taiwaa (R.0.C)
Street Address 2
Taoyuan Taiwan Talwan 32546
City State/Province Country Zip Code
B86-958-T77481
Phone number
4. | Sex; Female 5. | Email Address: ws7435grergov.w

6. | Date of Birth [DD/MM/YYYY]: 05 March 1985

7. | Town or City and Country of 8irth: Tainan Cily, Taman
|e.g. Shanghai, China]

8. | Country of Citizenship: Taiwan

9. | Country of Lawful Permanent Residency (LPR)*: Taiwan

*1f country of LPR Is different than country of citizenship, please include evidence of lawlul permanent
residency

10.| Affiliation/Employer in Country of Residence: Instiiie of Nuclear Enargy Resoarch (INER)

Request for Sponsorship Part Il
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Page 20f 5 Sponsorship Request package for Chisdwin CHEN
[full name]
11.| Pasition Iin Country of Residence: Assistant Researcher
12.| Affiliation/Employer’s Address:
Street Address: 15013 Derver W Pkwy_ Golden, CO 80401
Street Address 2:
City: Denver statemlm: Caolerado np: 15013
Country: M United States of America (USA} Phone Number: *+1303-275-3000
13.| University/College Degree(s) Date(s) conferred
Natonal Dong Hwa University Bachalor degree 2003-2007
National Tawan Univarsity Master dagras 2008-2011
14. | Accompanying Dependents, Only a spouse and/or children under the age of 21 may accompany the J-1 EV

as a J-2 Dependent. If no Dependent is Accompanying, please skip to question 15:

SPOUSE
Last Name:

First Name:

Date of Birth [DD/MM/YYYY]:

City/Town of Birth:

Sex:

Country of Birth:

Country of Lawful Permanent Residency™:

Country of Citizenship:

Email Address of Spouse:

CHILD #1:
Last Name:

First Name:

Date of Birth [DD/MM/YYYY]:

City/Town of Birth:

% 38 H
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Page3of 5 Sponsorship Request package for Chia-hsn CHEN
[full name]

Sex:

Country of 8irth:
Country of Lawful Permanent Residency*:

Country of Citzenship:

CHILD #2
Last Name:

First Name:

Date of Birth [DD/MM/YYYY]:

City/Town of Birth: Sex:

Country of Birth:

Country of Lawful Permanent Residency*:

Country of Citizenship:

CHILD #3:
Last Name:

First Name:

Date of Birth [DD/MM/YYYY]:

City/Town of Birth: Sex:

Country of Birth:

Country of Lawful Permanent Residency™:

Country of Citizenship:

If the country of lawful permanent residency is different from your dependent’s country of ctizenship,
ase include evidence of lawful permanent residency. if additional space is needed, please include an
trachment with the above information for each child.]

Request for Sponsorship Part il
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Pagedof 5 Sponsorship Request package for Chia-nsin CHEN

[full name]

15.

If Prior U.S. Immigration History Includes Previous J-1 Program Participation within the last 24 months,
please complete this section. if you have not entered the United States on a J-1 program during the past

24 months, please skip to 116,

A. J-1 Category (I.e., Research Scholar, Short Term Scholar):

B. U.S, Sponsor:

C. Dates of Visit:

[Please indlude copies of previous DS 20195 only if you have participated in 3 non-DOE Exchange Visitor
Program. This enables DOE to determine whether you are eligible to retumn on a new J-1 program]

16.

Complete street address where DS 2019(s) are to be malled (check one):

1, Please use my home address!l]
2. Please use my work address: |¥_
3. Please use the following address:‘EL_

Street Address
Street Address 2

City: State/Province: Zip Code:

Country: Phone Number:

17.

Please print page #5, sign it, and return it to your J-1 Point of Contact,

Request for Sponsorship Part I
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Page 50f 5 Sponsorship Request package for Chia-hsin CHEN
[full name]

TO BE SIGNED 8Y EXCHANGE VISITOR:

All individuals sponsored on the Department of Energy’s J-1 Exchange Visitor Program are subject to
212(e) which is otherwise known as the two-year home-country physical presence requirement.
Conditions pertaining to this requirement are outlined In your Pre-Arrival information for Exchange
Visitors and on the back of your Form DS-2019. All Department of Energy-sponsored J-1 Exchange
Visitors and their J-2 Dependents are subject regardless of funding source,

J-1 Exchange Visitors sponsored under the category of J-1 Research Scholar are further barred from
returning to the United States on a new J-1 Research Scholar program for 24 months from date of
completion. J-2 dependents are subject to the 24 month bar; therefore, if your J-2 spouse enters the
United States as a J-2 Research Scholar, he/she will not be able to return on his/her own J-1 Research
Scholar program. It will become possible, however, for your spouse to apply for an Employment
Authorization Document (EAD) upon arrival in the United States as your )-2 Dependent,

Please sign below attesting that you understand and agree to these conditions. Please refer to the Pre-
Amival Information for whom to contact should you have questions.

C R o—hain CHEN 35/ 05/ 20 &
[Signature] [Date]
Request for Sponsorship Part 1l
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BTSSR N2 Orientation (learning gateway):
Safety
Security
Sexual harassment awareness
Diversity
Drug & alcohol awareness
RTP(Required Training Plan)
Information security
Environment , health and safety
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IVER

AIBEZ 2l Angela Katherine, Yat-chen Jou, 2%, Pin-ching, £k, B & 2 ith, Amy
BEERA)immy,—1g,Yi-Hsiang, Em R (RERBHIE), ER R 2K, Van(Pin-Ching Z2)

AIEEA 2V A Angela(Bf#%), Pin-ching,Katherine,Yat-chen Jou, ER(HER & £ ERE)
BHAEA —BHEM), Harry(BA),Yi-Hsiang (8175 2 &), John Pern(XFZHE)
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Postdoc : Bo Wang

Technician : Nick
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