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Advances in biotransformation of methanol into chemicals

LIU Kangl, QIAO Yangyil, ZHANG Shangjiel, GUO Fengl, MA Jiangfengl’z, XIN Fengxuel’z,
ZHANG Wenming"**, JIANG Min'?

1 State Key Laboratory of Materials-oriented Chemical Engineering, College of Biotechnology and Pharmaceutical
Engineering, Nanjing Tech University, Nanjing 210000, Jiangsu, China

2 The Jiangsu National Synergetic Innovation Center for Advanced Materials, Nanjing Tech University,
Nanjing 210000, Jiangsu, China

Abstract: Methanol has become an attractive substrate for the biomanufacturing industry due to
its abundant supply and low cost. The biotransformation of methanol to value-added chemicals
using microbial cell factories has the advantages of green process, mild conditions and
diversified products. These advantages may expand the product chain based on methanol and
alleviate the current problem of biomanufacturing, which is competing with people for food.
Elucidating the pathways involving methanol oxidation, formaldehyde assimilation and
dissimilation in different natural methylotrophs is essential for subsequent genetic engineering
modification, and is more conducive to the construction of novel non-natural methylotrophs.
This review discusses the current status of research on methanol metabolic pathways in
methylotrophs, and presents recent advances and challenges in natural and synthetic
methylotrophs and their applications in methanol bioconversion.

Keywords: bioconversion of methanol; natural methylotrophs; synthetic methylotrophs; bio-based
chemicals
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Figure 1 Two classes of methanol dehydrogenases
and alcohol oxidase.
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Figure 2 Schematic representation of naturally occurring methanol-assimilation pathways. A: RuMP. B:
XuMP. C: Serine cycle. HCHO: Formaldehyde; RuSP: Ribulose 5-phosphate; H6P: Hexulose 6-phosphate;
F6P: Fructose 6-phosphate; DHAP: Dihydroxyacetone phosphate; GAP: Glyceraldehyde phosphate; HPS:
3-hexulose-6-phosphate synthase; PHI: 6-phospho-3-hexuloisomerase; Xu5P: Xylulose 5-phosphate; DHA:
Dihydroxyacetone; DAS: Dihydroxyacetone synthase; DAK: Dihydroxyacetone kinase; H4F:
Tetrahydrofolate; GLY: Glycine; SER: Serine; HPA: Hydroxypyruvate; 2PGA: Glycerate-2-phosphate; PEP:
Phosphoenolpyruvate; OAA: Oxaloacetate; GlyA: Serine hydroxymethyl transferase; SGA: Serine-glyoxylate
aminotransferase; HPR: Hydroxypyruvate reductase; GCk: Glycerate kinase; Eno: Enolase; PPC:
Phosphoenolpyruvate carboxylase; MDH: Malate dehydrogenase; MtkAB: Malate-CoA ligase; MCLA:
L-malyl-CoA lyase.
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Table 1 Various products produced using natural methylotrophs
Product category Product Substrate Fermentation method Production Strain References
Terpenoids o humulenee Methanol Flask 58 mg/L M. extorquens AM1 [26]
a humulene Methanol Fed-batch culture 1.65 g/L M. extorquens AM1 [31]
Mevalonate Methanol Fed-batch culture 2.67g/L M. extorquens AM1 [32]
Organic acid Pyruvic acid Methanol+Glucose 0.26 g/l Pichia pastoris [33]
Malic acid Methanol+Glucose Fed-batch culture 2.79 g/l Pichia pastoris [34]
Mesaconic acid Methanol 70 mg/L M. extorquens AM1 [35]
Methyl succinic acid Methanol 60 mg/L M. extorquens AM1 [35]
Fatty acids Fatty acid Methanol Fed-batch culture 15.9 ¢/ Hansenula polymorpha [36]
Fatty acid Methanol Fed-batch culture 23.4 g/l Pichia pastoris [37]
Polyhydroxy Poly B hydroxybutyric Methanol 149 g/ M. extorquens AM1 [29]
fatty acids acid
Amino acids Glutamic acid Methanol+Yeast ~ Fed-batch culture 59 g/L Methanol bacillus [38]
Extract
Lysine Methanol Fed-batch culture 04 g/L  Methanol bacillus [39]
Serine Methanol Fed-batch culture 54.5 g/l M. extorquens AM1 [39]
Glutamic acid Methanol Fed-batch culture 38.8 g/l Methanol bacillus [40]
Glutamic acid lysine Methanol Fed-batch culture 37 g/L Bacillus methanol [40]
8 g/L mutants DHL 122
Glutamic acid lysine Methanol Fed-batch culture 28 g/l Bacillus methanol [38]
35 ¢g/L mutants 13A52-8A66
Other chemicals Monacolin Methanol+Yeast ~ Fermentation tank 593.9 mg/L Pichia pastoris [41]
Extract+Glucose
Lovastatin Methanol+Yeast  Fermentation tank 250.8 mg/L Pichia pastoris [41]
Extract+Glucose
Chondroitin sulfate ~ Methanol+Yeast Fermentation tank 2.1g/L  Pichia pastoris [42]
Extract
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A oA A R A, DR — PR B
U, TE SR AR BR BE Y 35 35 e vh s KP4 7 BE T IR
FIRE D7 e o A AT T S 3 A e R B U R T T4 s
ARG NG Wi AR B, IF i — 2D 3 i i
Yot £ TS i A FAH X NADPH B £ 10 > 1%

B<: cjb@im.ac.cn
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PN O D O & S i U1 R Y S d
TAEHRBER R 23.4 /L JENTFR 1 2.0 g/L IR Wi
W, S FER N 1.2 g/(L-h), 2055 B (ODgoo)
AJIRB] 163 3K — " i 15 JR I 1 B 1) 4 280
7= A 2, I i T A LR B R
W16 AL b . Gao 25PN 3 B 1 N pE
b . A BRI T RE RN £ 21 2 0 B (BE R A 2
SRR R A2 WA A, W R R
L8 57 8% B 1Lt 152 B (Hansenula) WP 52 B8
H RE S IR T IR 1 . fAT T e &8, FHIKTHR
5 T 1) U PR3 3 A 2 (A5 I B 2K 2 A
A KR RE T o 38 2 7 A 25 RN EE R Y L 1 3%
T A AL P i /DN 85 7 5 v R AT TR R G N E Ak
SR E THEAKRE . E—21ne
WA A 1 NADPH WIfitN, 256 dteel &
PSR, (A5 B AR TR ™ s ik 3] 15.9 g/l iX
S TR Ay T R R 80 T A A R R I B A
FELT T, T DR Ay 3 il ) A i 3 B 7 R
T AE BB R Ak 27 it B I T EE B
3.6 REBRKIEFT

QA2 AT AR R L K
BRIGSRFA . 2SR P AR BT, R
A E R ) F R Al R E Y R R, 7
TR T (Corynebacterium glutamate) 2 H: 32
BT TR BT REARAE A, AR
TVFZBEMBIIRYD, WS 2 e ok A 7=
2o (RIS, — S f0AE PR R o (0 B Y Al B OIS
Wy ke B AT A 72 BLAR o

VI 22 K AR W L8 SR 0 o T DUHH e v 2 7
AR EEER, BIEREAR . BEAR . 23R
FOFR PRS2 Filhn, HEEZEMLFT B RV3
AR 38.8 o/L W L-B &R . &t fb2FiA7E
J&i , RARR AL119 AT LA 11 g/L 19 L-J5 24 1R
A DHL 122 AJ LA™ 4 3.1 g/L 1Y L-#i 24 1R
5.6 g/L B L-7R & BRY" . 7E58 25/ DHL 122

http://journals.im.ac.cn/cjben

HEFRBENERR GRS, "L 4 37 g/L
IR 8 g/L MR IRDY . WY B 2E AT B
[l S — b LA DA FR v A = S R v ) B
Fifr o R R 76 R B 2R FL R 0 2 5 R A i SR R 2
P TORL A B4, 7 o8 Y 1 ) A B b mT DA
VA, PRt EE S 2R AT T MG A3 A5 71 1 ) HH I 7
o DHECRERIERT, 76 50 °CHMF T artrhel
BRI A7 59 o/L AR FRA 0.4 /L fi iR,
M= A te TH, BEPLL=iAA R
MR B BN, &2 8 R A%
AR 13A52-8A66 REAT I 35 g/L 1) L-i 2 i Fl
28 g/L B L-B & RPY,

N P o WS B R G R SRR B A T
B, YAERE H G (Methanotroph) i e 31k
KPR T4 R R AT TR A L4522 R /LK 2 R B H
EH(LysE)G, LR RIS E 113 gL, %
= N S R A B e ey A o e
22 G BRI A, FHUE Y SR R T DA HR
TR A 7 22 SR o FEFTLE R AT TR i B A0
H T Y AE T L-Z AR TT AR 54.5 /LY, AR,
T8 JLHT 1 (Methyloba cterium sp.) MN43 B 4
i, Y22 2 BRI T , A 104 mg/mL HHE
1 50 mg/mL H2 MR HHA5 65 mg/mL L-22 %R,

JICITE BSOS W A 7 1 R Y
HERRR . Pl HEEZERAT IR MGA3 141
AR SO H TS FEOR AT K 0.4/h A1 7 ¢/(L-h),
X 52 4T A 2 R R R TR Y A0 i AR K 3 2%2.(0.53/h)
AT E B FE (6.6 g/(L- )], ppsh, H
P 2 P00 TR N R b A 7 - R 1 B ™
(0.71 g/g) 5 4% ZARRFEAT 1R D\ 9 W A2 )™ L6t
SR 72078 g/g)FH 410 B,
FH L8 JR I BEAS7E 35-60 °CHOTRE FA K, %
FEAE KR EEAE 50-55 °CEA 1) BT LU B A4,
I FH R R T A 0 o R R PR — A
oM RESE KRB T .
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3.7 HfsfkF=muvErs
DA FH ke 26 7 B g B 4G 4 Ak 2

HA—EMHTR . Liu 2695 i 76 56 R e 1 o
AR SARATAR T RN HR AT 2R W R
. pH TN LU B IR i 78555, ZEA0m]
TR E 60.0 mg/L, AT H RN
14.4 mg/L. R T & ff MM AR B TR 414 T AR
PO AR N, AT T R PR R
BHL . S5ARM, ZACATAR T ANE AT Y
PR IIRE T 55%F T1%., FRAAEA Y RN
R RS RN BEAR TR T MR E A 593.9 mg/L,
WA TT B MR JE N 250.8 mg/L ., Jin ZEUA[GERE DL
B % 1B A JES 455 40 6 52 DA, B I 1) A PR Al R
AL, BRIERCE Z 9L 1z M F BT L IR .
RS . e, TR A BUR R IE T R
PR RIS B 2R FAT R P I 3 R A R A4 S O
RIE S IR W B T AN RIS, ST 5.5 mg/L
WERNA . B EmE Tl a7 TRk
AW, TEAME M HE R B A4 2.1 g/L
TARECE R UL EAFRIIE T H I E SR Wi ]

x2 EREHRBREEFRMEFNEH~R

VAR T2 i A2, 0 W IR A gt o i 4R 1t
TR RS

4 eRPEEREHThFE
A R HY R R #E R

JSUAE R R B FE 75 57 TR BE R A R Il A A
K= 2 b, BARRAFE—LE L,
Ik = A B G4 T BT RbREE, A
RE A KRR . A, REZEOCRARR)
HA L8 SR TR S ) e 2, S 2 A IR RE R
HL A% 3 BT AR T RZ R T s A P A AR 3R

B A s A A T LA i
P ity FICH A o BRI ™= dh B AL T R HL 2
AT T 4 S 2 A R A LA A P IR AR
e, i EE Al T R R A B O T R
BRI, NI, — LU A5 5 T ELE [N 25
BT H AR R R, IR AT . A E TR
PEFF IR R, T DLd g EATTIC & b
A R i o N T RS SR, o6
TR F i 3] R I Ay ) A W e AR (3R 2).

Table 2 Various products produced using synthetic methylotrophs

Product Substrate Fermentation method  Production Strain References
Propyl alcohol Methanol+Glucose Fed-batch culture 2.6 g/l acetone  Escherichia coli [66]
Butanol 1.8 g/L butanol
Flavanone Methanol+Yeast powder Escherichia coli [67]
Naringenin
Acetic acid Methanol+Xylose 2.2 g/L acetic acid Escherichia coli [68]
Ethanol 1.6 g/L Ethanol
Succinic acid Methanol+Glucose Fed-batch culture (0.9+0.1) g/g Escherichia coli [69]
Fructose 6 Methanol+Mdh, Hps Escherichia coli [70]
phosphate and Phi Supramolecular

enzyme complexes
Propylene glycol Methanol+Glucose 32.7 mg/L Escherichia coli [71]
Glutamic acid Methanol+Xylose 90 mg/L Corynebacterium glutamicum [72]
Cadaveramines = Methanol+Glucose 1.5g/L Corynebacterium glutamicum [73]
Pyruvic acid Methanol+Yeast powder 2.3 g/l Saccharomyces cerevisiae [33]
Succinic acid Methanol+Xylose Two-stage fermentation 0.9 g/L Yarrowia lipolytica [74]

&: 010-64807509
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41 K=

KM (Escherichia coli)B 2015 4E 17 IX
B Miiller %77 & & A EEFRELCE, ©
A F P A 0 B A OSSRy T RS 4
JL o TR AT TR R S T A kA R
RuMP #&4%8, KNiZiEe K500 mEfE K
R TP Je RIRAFTERY o A 3 S SCHERE Mdh
Hps . Phi J& KM FF 5 MM REYE RuMP &A% By
TP ATAMER IR R . HeAh, T H A
BED] G TEL, R T b B B A Bk o A R
R H R T8 R Y A S Ak AR i g S-GR
Fo) 4 e B RK I =W (Hydroxymethylglutathione
dehydrogenase, FrmA), 7] LI &8 /> H i 2|
CO, MR, $m I FEAL R o e shi e
AR

H1 T F A R A 1A o i RuMP AU
T o T AL T R LR (RuSP)RYZ 5, 1T RuSP
R BT R AR ER SO, X DA e A
ARG T B A R4, I, W 2
o e Ml AR S5 Al I i 5 X a2 PR I ) R A
FIH . Bennett S E @bk T FrmA (1) KA B
HRANEMER IR RuMP @S i i iy, JF it —
o R R A AW SR Ay RusSP 42 24X
A 2 LUH RS P RO LR R R,
AT 2.6 g/L FITAERAL 1.8 g/L /) T B, SR, 4
i C bRic R, 4550 R 25 P AR D AR
FEAG, BT B3 2070 3.6%H0 0.7%.

T F BB 7 B R A T RE A v BRI T R
B — A SCHER 2K 2 MDH J2& &5 HA 00 = A
)71 Whitake ZFU7F] FI3k [ g 28 5 2 f 41
W (Bacillus stearothermophilus)i NAD #5151
MDH HI3k [ F B2 28 AT R RuMP iR 48
i, ot R P L RE R R, il PC
HIES bR e e 0, Ik A e 1) P RL 8 3R B K A
TR REAT RCKs RS o A o il B RY

http://journals.im.ac.cn/cjben

TCA JE I 8] 77 P 3% FITR FISE SR MR M bR i 58
ik 39%, MRBARARH AR th 18] ) 3-W 2 H
PR IIARIC R B 53%. BFfbGWasbRic T2
A, UER T B R R AL SRR A R R R AR o i
— il RS BT A B R G A, L
H R R A2 77 3.5 mg/L WA B2 0

BT RuMP &8, 222Gt ae
FE R AT SE B B IRk . Yo SR
FEERBA BRI E BT &5 B LA T & T —FH T
B () b A Tk 22 24 PR BF . TEIX S 81k
22 ZRIEA T, WEEE AR, WRA
B Y L DU S kiR, 5 H R 5 7 A 22 R
2 FIRME G A Rl TR, AR5 R AR
MR, SEARERKEIG 7 % O R AN L ERE TG A
CEEMRNE X 4 A ) . TR KIBF
FIFZIR AR AE & A AR B R 5L rh, AR
BEAE PR 2.2 o/L LR 1.6 g/L %, °C HIEEFR
WCZE R, WEERIE R OB B 2928 38%,
IR AL L 129 25%., Zhang S5 5k
) H I 25 AT T A9 NAD 6 84 i MDH F1E H
AN FEEAAR A IR A RuMP 384200 F B )AL b5 |
AT BRI R b . TEIRELRET, L
T RN A A S S SRR, BRI e E
(0.910.08) g/g $2=5(0.98+0.11) g/g, HE—#
) PC ARICSEIR R, FE A T AR RS R R
AL BRI

AR EIRIOIRE B TR RE AR E] TIERT,
EUPAAR 3 % 0 44 PN 7 1) R P 2 2 5 RS A 17 1A
o I, 2Rk B AR HAT 5 T St i v 7E DL o
Siegel ZPUEIIH BN RGEME T —F 4
N H B (Formaldehydease, FLS)RY 42, W H
K 3 ARG FaH A — 0 Tr 75N
i, X —i@ R CAERSN AT T AR RE, JFH
AL Z R S NN S o = e Sh i N 77E )
AR B—FRFE LR YR A L
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WEAHEE A 1% (Synthesis of acetyl-CoA, SACA),
B 2 TR A WK A R S 0 T 3EAE h — 4y
T CEERRUO, W T 2 T i 208 e e R I s I 1 VG
SR AR SRR . £ TR IR 8 1 B IR &
k5 R W (PTA) 1] LABE s s Ak Ry TR A
PEA OGRS . SACA WAL Jo
PCARICHEMAMIIE A 1Y, 3RA5 T K24 50% 1%
PR, EEAE, SACA BRERMIEIRRNES T
WESE . FEASIN 1 g/L BERERB AN 2 o/L AR R
AR PR BE A 5 772 3 b, S B e TR AR A R L
AIEHEVER , B A4 14 0.03 g CDW/g.
RGP C T ok SACA A% 1 IF Y L 6 []
WAER, 78R A 1 =X TN B R A5 2020 17%
M AR il o RS S HABAF ST A L, X s 2
IR HIX — 2 Pk ik 12 BE 76 40 e P & 4%
YER, #E— 20 (3 vk Ak 7T BE S B it 1 3
Bl i R R, DLSCEE A 3 H 3
B
42 AEBRENE
HRGFFHEME, & 2R R KA A
A, TS A T A 5 A T G
ALl BET, GUEYRBEIR R
FHRP FEwmAE ., B, AR FAE TR
fB)a, ATLAEEH BERUARBEE IR 24514 T A%
FR . FHIL A A R 2 UK 5] 90 mg/L.
WA HE— 0 ALE $& 5 TRE RN T B BERd
Tk, SRR 15 o/L T REER AR
MR LB $2 0 & 230 mg/L, FW] ALE %fF
P WA A AR A T R A PR T
B T SRS E I Z AN, P R (— R
T 42 R B0 R 7 ) S B T L B A TSR Y A
77, Lessmeier 2833 T —#k T RL B E R HE
FRE, EREICI AR R AR BRI B, ¥ H
AN AR A T P e, TR AR R
KTk A KT R A R R . ok A R

&: 010-64807509

AT MDH. >k A AN B ZEAFF A Hps
H1 Phi FFREERR T PWIEYE L EN S B  ald TN
fadH K BHWT H B ) SR A% o FEXFPEOL T,
M S A A LR e, TRA AR
BRI A 1.5 /L W e, o 15% ek PC
H T AR e o
43 ERBEEEFIEG

R T R LSRR AL, TR P Rt SR B
THEN MR B E RS, W
% 1R R R BE R TR 22 B8 1 AR . Dai Mg
R 8RR b e ) 5 R R 1) R R AR AL R AR [
FEM AL IE(AOX) . 1 %A AL AU (CAT) . 2N fiid
B (DAS1/2) 1 — ¥ N i 18 i (Dihydroxyacetone
Kinase, DAK) A 2RI i BE 1 e i, 3X
LSk [ 8 R IR EL A R 1 55 1 R b
PR RE % 7 T 21 1 TR 1 B 1) 2o S AL e
LI DI REPE LR IR o Y0l FH A oA o — B U5
B, ek & B R E B TR B R
1.04 g/L /) B EETEFEAT 3.13%A4 40 g A= K38,
IR I A= 260 mg/L WIS EAER . Fcdt, fRNEER
PRt 20 ad ot i, AT DATE Y AR M il U )
ZAF N SCEBREARR 1y A U B ST A BT YA
fifk i HIS E 1 B 1) 2ok S AL T AR A R T ok B F
BB DRI RE 1 BRI AR e, ) 20 T3 G i [
TEFIHRE ST Bl A T $E M A ROR, 1
BRI PR (1) MR AL, @
T AIMIR 3 AR I FH 3 A% LAACHE 1 Ry %l Bl sk
S 7 Y i PU e ARV N R O TR N7
AR B LR (XuSP). (2) B H A Ak,
FE fifE i B 1 B 1 2o S A Py 4R P A A ok T T
EETRTEREIY XuSP fEH . X Fh X % A 5 s fif 15
BT FEM 3.4 /L2 4.5 g/, Hif5, “C
FF 2 ] 7 38 b T2 S 5031 B Y gl e o [ Atk A
SRV I AL D7 R CO | O N = 2 4 E e~ T vk |
T Z2A- R ST, 8 1 s Ak AH ST i

B<: cjb@im.ac.cn
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WE— R N FE R 5.2 g/L. i T B UEH
b2z SR, VR T A BRI R
AR M BE MR A R, el E K
M, SEBLLL R o — R IR AR 0.92 /L T
TR o I ER A S — B L A R A
RN AE b 25 5 B IS SR — I E K
Pk, (HJE X S5 0128 on T 78 TREAbAE A 3
B 5 B A AR W b R I R DA R TE A SR
R A R BN R Tl Ak T /i .

S EE A ML LR
FRR R SR
5.1 HEmMEK

FH B TE H L3 5% T v 1 A fb R AR iR
T de S 1) 3 FhE(PQQ #<#i ! MDH . NAD" {4 i
#l MDH 5 O, fk#i % AOX). MAERIHFEAME
KE, NAD MR MDH T b H A i il 2 75
W2, BB NADH A J T2 #E 7 W i) & 1
PRI 2 B 72 098 . SR, 2= gl )2
ARSI E SR T — R
i, A BMEA MDH, &R
HE ) HEACEOR G B T3 — s R n ik .
U, Chen VORI FHE M4 FIfbHA,
T RVR T8 B STER B (Cupriavidus necator) N-1 1y
MDH2 2814, 554 MDH2 ML, B EESE AR A A
BRI T 6 fi5. IEAh, Roth 277V S f£ K
T K W B A i B AE % 22 U 1k (phage-assisted
non-continuous evolution, PANCE) 7 &, {3k H
B 2R S0 FF TR A9 MDH2 gE1 74l fif H e K
N R FEHE R T 3.5 4%, o MDH iF— 25 e $ it
TR ELA
52 HRBEMASESE

FH L35 3 TR Ay F s S 4 B 24 L 4
Z MR FEE M AR HLE, )2 NADH

http://journals.im.ac.cn/cjben

I ATP WEEERIE . SR, R b &
FAERT Y CO, 3 MR IR U, AT M 2 4
JE A H bR s S BN, X B R AR
BRI AL AT B R A3 i R W, 78 H IR )
R TRF, &7 70%-80% M ik )5 F 24 71k
WA X AR A A T R B B AR E 6k
DRIE IR, (S HAHEERE, A
it NADH 5 ATP 445 2 46, DA 400 i 40 g
A RBY R T A AR K i R R A
it A AR AT BEE T, DRt i s Ak
FA 8 () b 3k 42 ofe A5 B0 B0 A 3l ok DA 38 381 7 i ™
it R A W) 1 22 ) A DL P R — Rl R 3R
. T RuMP Fil XuMP % K 4R [l Ak i 12
SEPRFRERY , DIILHT A4 RuSP 5 XuSP (4=
TR EBEDNBRENRCRIEE R, XERE
A BB T 2 — NI B Al S A O - R i 0k
IR ak R A, R m AR A T xR
SR L8 IR T G R L8 SR R S8R 5L T
XA F AR e R X A I Ak R Y
I, 2R AL R AR 12 1 T & A7 2]
]2 KeF o FEF FLS 8 £ Bl A T (glycolaldehyde
synthase, GALS)S5 1143511l Y F 4 5 e 1
WO PIES AT T, IR T
A N, FLS 8T & 5 B i 1k
h LR EE R A R A AR AR WAL T2
A P B R 252 g/L, 7PERh 126 g/(L-h).
SR, BT FLS Fl GALS i Ko (H# 5, Xt
it 1) fe AL RO AT T i — 2P B, A BRI L
N TR 428 T 48 o v 25l G il R
IR o
53 HERSE KRIEREER 4
TCI AR AE R IR LB SR I 25 B L E
FRUE T, dnfar 4 e R [E AR S A BB ER Y
TG TAC P — A A g 28 T B T ) R i
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PR A A, B — b e AR LB SR R B A
7 B B AR AR T AR 5 | R B[R] b A
HuiE & M LS B B = AE D Al Sk R
B[] 335 P 22 A T A AT L 3k AT 79 o 5 s R
U, S, TERAT R AR R S s
R R R AL B, SOEA B S5 R
TR . BN, Guo ZEPUYEEEIREERETE S
ASERTR A L, Y LA K ik 1T &
PRy, TREEPREENS A" 8.55 g/L SERR., R
M, LA ECR Y T R IR, 209 AR A I
SRR, XRWP KA FLIEER
e LT 1 BRI XuMP ER R, R AR ™
YIE e, BES, A e R A A A - 6- B IR
54 it (GPT) > & i Y ot ] A A5 e fiff L 55 7= 4
AN A RAFE RO, ST R
SRR ARG . HIR, 5T ALE fIRSAE
W4 AR AR 25 A ) 396 i) T SR A, L I B 2 ek
2 FH B[] Al e 5 P st (] f A e 27 ) 3 P 1)
BRHORMS . ALE J&H g TR B bk ad R v 280 (i
W5, R E A KA N KRI R RUE
Y, HEIEA R R R A . Gao
SFEONR BUE KR W I8 IR R R 2 T8 DU [ R
s TR TR IS, IR R 25 T 7E H B
AR RR ST, X AT RRIH A T A R
FIATHE T R BERE AL il 5| A ALE 50K,
ARG RRMK S T LA Ay W — Rl 5 A= 4 RN AR 7™
Ui B N iR A RE ) o 3B A 306 ) TRR R IR Ipl1 (G
T ABLE NG T AN izh3 (St 5 BRI AE 56 1Y
FREE 1) 2R 6 R R T AR AR K B ST,
Je S5 A ) A T S R DA 3 R U R
A R T E B 2

6 REER%E

METE . RS T ZMMAERE, HRAE

&: 010-64807509

AR AR AR R — A A WG] D7 AR R
Rk, HELE SR 2 AT A & Fh™ 5,
1 PHB Fl— 2L R 55 . B — AR R IR
R, FEAEHLAR A T R ) 45 45 AL )
Ji&, BT R AR T RE TR AL
R R E SR R e T H Ik, W
CRISPR-Cas9 FR4&t, fdifgfa o syl my H L
FRWBCAFIRE. L, R K S R 4R B L 5%
W T B A B AR TR ) B & 5w 4
T T2 MM, oh, FE AR
Ve &R, AR T ARAR S S sk H 2 R,
FHEAFFRATTAT LAFE Al K AR (Y F 38 352 1 v B 1
B AR, DU B AT T LA A S koK
&G0 10 L P ok 7 A AR I AR Ry 2B W R AL
2 it o BLAR H LR FE R A ) e A 4 3 A
T2k, AR AE — 28 R B 1 AP i
e F R A AR g A% 1 SRR A AL ORI, 9
U1, MDH )3 124 B4 B 28 37 T i 22
IR — A BRI R 2, B T T
AR TR GE SN, T B BT B LA
BIER 11 015 TR 2 1 Tl 1 i A 803 5 7 X —
BRI Bbah, A EE Y LS SR, LR
A B BL 78 SR TR A R RS B R 1) R e
I e () A RO BRI TAEAR S IR G 55 e rh
(A A TR o DR PR R 1 A b ) 4 R
P A0 FLAT TR . R AR R A
HNZWE Y, AT LAY e R, DR
o BRI AR %, DT R fig i kU0 %5 F
ALE 7 LA Rl T Or s KRB R AR, #id
ALE 8 = 200 Jf ) 19 T 22 42 [R) A2 e bk
[ R LR . B, BEE B R B
R SRR R SR B LA TR R 2= T A, L
KR/ B BE 8 3% T UEAT 1 HE A W e A
BAEAARK A B TGS,

B<: cjb@im.ac.cn
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