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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'?
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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; Ru5P: 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; XuS5P: 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 AR AR R A, DR — PSR B
U, TE SR AR BR BE Y 35 35 e v s KA 72 BE T R
FURE T E o AT S0 2o v 5 B 7 1R T Wi £ 3
ARG NG iR AR B, I i — 203 i i
Yt £ TS e A FAH X NADPH B £ ) > 1%
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PN O D O & S i U1 R Y S d
TAEHRBER 2 23.4 /L JENT R 1 2.0 g/L IR Wi
Wi, BN FERN 1.2 g/(L-h), 4055 B (ODgoo)
ALIRB] 163 3K — " i 15 PRI 1 B 1) FH 4 280
7= A 2, I i T A LR B R s
W16 AL b o Gao 25PN 3o B 1E B A HE
b . A BRI T RE RN £ 2 2 o B (BE R 4 2
SR 2E R R A2 WA A, W7 R R
L8 57 8% B 1Lt 1% B (Hansenula) WP 52 B
HRERI IR TR 1A o AT e &80, FHIKTAR
5 T 1) U P 3 A 2 (A5 I B 2K 2 A
oA K R RE T o 38 2 A 25 RN ER R Y L 1) 3%
T I AV 114 o /) 855 % i v R AT TR R 3 N M Ak
HARREMRIKE THEAKRE . E—21na
WEAHEE A 1 NADPH (fithy , 256 ftebel &
TSRS, (A5 B e TR ™ s ik 3 15.9 g/L. iX
S T S R R R 80 T A R T R R I B A
LT R DR o S 1) A W ) 3 N I TR
AT AE BB Rk 27 it B A1 T FE B
3.6 REBRKIEFT

QA2 AT AR R L K
PRIGSRA . 2SR P AR BT, R
R R EE SRR MY R,
IR (Corynebacterium glutamate) & H: 32
BT W B TR A, AR
TVFZBEM RIS, WOHE 2 e ok A 7=
2o [, — S fCAE PR A o 0 B i A B IR
Wy ke B AT A 77 BLAR

VI 22 K AR W 8 SR o T DUHR st v 2 7
AR PR, IR ER . AR . 23R
FIFR GRS T2 fFilhn, 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
ZARK DHL 122 AT LL™ 4 3.1 g/L 1Y L-i 24 IR
5.6 g/L B -7 ERY" . 7E58725 7k DHL 122

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

i RBNEMRR A IS, "TL"A 37 g/L
AT R 8 /L MY EIRDY . WY B 2E AT B
[l S — b L DA R e A = S R v ) Y B
il DR AE H B 2 AT P 2 5 R Al i 2 R
H SR 2R A 1), (5 P R %) A v e AR
VA, DR PP B2 AT MGA3 A5 7R 7 i F T 6
R IR ECAIRIERS, 78 50 °CAMF T ot
BRI A" 59 o/L AR FRA 0.4 /L fi A BRD ),
M F a2 A s e T 5, B A5 AR 2 e
PR FE P, Fln, &2 28R R
AR 13A52-8A66 RET I 35 g/L 1) L-#i 2 i Fl
28 g/L B L-B RS,

Y A3 A B R G R SRR i A 7 Ok
L, YAERE LT (Methanotroph) W i 7t ik
VR T4 R R AT A G -0 2 PR /- e i
EH(LysE)a, LA RIBEE 113 gL, %
= N S R A B e ey e e e
LA TRIGINIAEAE , FHTEH SEFF R AT LA H A
TR A 7 22 SR o CE T R AT TR i B A0
H B Y AE T - AR TT AR 54.5 /LY, A,
T8 B LA (Methyloba cterium sp.) MN43 B 41
i, 22 2 BRI RHMTIT , M 104 mg/mL FHE
1 50 mg/mL H2 MR HA5 65 mg/mL L-22 R,

T ARES N = IR SR E W A F 1 R Y
HEEIR. Pl R MGA3 (4
AR SO H TS FE R AT 3K 0.4/h F1 7 ¢/(L-h),
X T 4% 2 R AR AT TR A A A K T8 46.(0.53/h)
A AE 6.6 g/(L-h)]* 4, 4, H
P ZE AT D H e A ™ L R T B 7
(0.71 g/g) 4% ZARRFEAT 1R D\ 4 W A= )™ L6t
SRR 72078 g/g)FH 410 FEAY
FH L8 JR I BEAS7E 35-60 °CHOTRE FA K, #%
A KR EEAE 50-55 °CE A1) BT LU B A5,
I Y e B A 0 R R B TR 2 — A T
ORI AT RS2 R ) i
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3.7 HfsfkF=muvErs
DA FH ke 26 7 B g B 4G 4 Ak 2

HAT—EMHT 5. Liu 2695 i 76 5e R e 13 o
A SR ATAR T RN HR AT 2R P R
. pH FEHN LU B IR A 785 5%, ZEA0m]
AT B E R 60.0 mg/L, AT H RN
14.4 mg/L. R T AN A B 55 5500 R AR
PO AR N, AT T R R OR
WL, S5ARM, ZEARATAR T ANE AT Y
PR IIRE T 55%F T1%., FRAAEA Y RN
R RS N SEAR T AR T MR A 593.9 mg/L,
B AR TT B JEE N 250.8 mg/L ., Jin ZEUA[GERE DL
. % I A JES 45 40 6 52 R DA, B I 1) 0 PR A B R
A, BRIERCE Z 9 2 M A F BT L IR .
RS . e, TR A BUR R IE T R
PR RIS B 2R FAT B P I 0 R A R A4 S O
R E S IR B T AN RIS, SE T 5.5 mg/L
WERNA . BTl BT TRk
VA, fEAME M HE R B A4 2.1 g/L
ARECE R UL EAFRIIE T H I SR i ]

x2 EREHRBREERYESHNEHTR

VAR T2 i A, W IR A Stk b 4R 1t
TR RS

4 eRPEEREHThFE
A TR HY R O #E R

JSUAE R R B FE 75 57 TR BE R A R Il A A
K= 2 b, (BARAFE—LE L,
TNk Z A RO BE I g 8 T HH T AR O, A
RE A KRR . A, REZEORARR)
HA L8 SR TR R i e A, S 2 A IR RE R
L3 BT AR TR R T s A P A AR 3R

B A s A A T LA i
P ity FCH A o BRI ™= df B AL T R HL 2
AT T 4 S 2 ) R A LA A P IR AR
Y, T HAE AT TR T L 2 U R R
BRI, L, — LU 5 5 T ELE [N 25
BT H AR R R, IR AT . A E TR
R R S S N S Buy S (W] Lo b2
A R O o N T U RS R, 58
D F 3] BT IEL ™ 0 ) A= W e AR (3 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 23 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 4E17 1K

B Miiller %71 & & A EEFRELCE, ©
A F P A 0 B A SIS e Ry T RS A 4
JfL o TR AT TR R S T A A R
RuMP #&42, KNiZiEe K200 MmErE K
A R R R ARAFAE R o R 3 4GB Mdh
Hps . Phi J& R FF 5 MM REVE RuMP &A% By
T L ATANER IR R . HeAh, T A
FEDH AR TR, WA A A0 B DR R o R R
R T8 R R s S Ak AR R ey S-GR
F 4 e H RK I =W (Hydroxymethylglutathione
dehydrogenase, FrmA), 7] LI &8 /> H i 2|
CO, MR, $m I FEAL R oo e shi e
AR

H1 T F B R A A o i RuMP AU
T T A T B LR (RuSP)RYZ 5, 1T RuSP
FRAE BT S 2B FR SO, X DA e A
TR TR A RO, I, W 2
o e Ml ECAOME S5 A7 I Rl A X i PR IR ) R A
FIF . Bennett ZFVEREBR T FrmA (9 KT
HRAMNEMER IR RuMP @8 i i i, JFiE—
o R R A AW SR A RusSP 424 24
R A 2 LUE AR S P RO LR R R,
AT 2.6 g/L FUTAERAN 1.8 g/L (T EE, SR, 4
i C bric R, 2550 R &7 W) BAR AR
FEAG, HNERAT B35 200 3.6%H 0.7%.

e BB 7 B R A T RE 5 v BRI T R
B — AN SR 2K 2 MDH J2& 5 128 B A
)71 Whitake ZF7F]FI3k [ g 208 5 2 f 41
W (Bacillus stearothermophilus)i] NAD 3 15U
MDH I3k F B2 2 AT R RuMP iR 48 G
[T N7k o Ko UEN R N L S TR U@
HIRS bR e e 0, IR W e 1) P RL 8 3R B K A
T REAT RCKs IR A o A o il SCBRERY

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

TCA JEI 8] 77 P 3% FIIR FISE AL MR M bR i 5
ik 39%, TR AR I A v 18] ) 3-Wh e H- vl
PR IIARIC R Bk 53%. BFbGWasbRic T2
A, UER T B R R AL SRR AR K R AR o i
— il RS BT A B R B A, L
H R 4 A2 77 3.5 mg/L WA B2 0

Fr T RuMP 18, 222G WHE IR g
FE K AT B S BE ARG Rl AL . Yu 50T
FRERBA BRI BE T &5 MBI T —FH T
B () b 4B i 1k 22 24 BRI BF . TEIX S5 81k
22 FRIEA Y, WEEE AR, PR
B L DY SRR, 5 AR AR G e 22 AR
22 R 5 e AL BB TR, AR5 IR )R R SR
MR, SEARERKEIG 7 ff % LR AN L ERETE A,
CERNE X 40 A ) . TR KIBF
FIFIZIR AR AE A AR RS rh, AR
BEAE R 2.2 o/L LR 1.6 g/L 2%, °C HEEFR
WCEE RN, WEERIE R SRR B 2928 38%,
B AL L 29l 25%., Zhang S5 5k
B H 25 AT T A9 NAD 6 84 i MDH FIE A
AN FEEAA AR A RuMP 384200 F B )AL b5 |
AT R b . TERELRET, L
T RN A 2 OBE S SRR, BRI R
(0.91+0.08) g/g $2=5(0.98+0.11) g/g, HE—#
) BC ARICSLIR R, A T AR RS LR R
AL BRI

AR EIRFOIRE B AR RE AR E] TR,
ELFAHR 380 % 6 44 PN 1) ) R P 2 2 5 RS A 17 1A
o I, 2Rk B AR HAT B T St i v AR DL o
Siegel P BN RGEME T —F 4
Nl (Formaldehydease, FLS)AY&4E, W H
K 3 AW FaA I — T i 35N
i, X —i@ R O AEARSN AT T IR sE, JFH
RESETE oA HBEAY 5 e B 3 P AL i K A T
AR, 5 —FOR R R s R R A R 2
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WEAHEE A 1152 (Synthesis of acetyl-CoA, SACA),
A FH 2 TR A K A R S 0 T8 Ak — 4
T CEERRUO, W 5 2 T i 208 e e TR I s I 1 VG
SR W AR O IR . £ TR IR 8 ) B R &
k4% RS W (PTA) 1] LABE R s s Ak R S RS A
PEAHOBRACEIER S . SACA WA Jo &
PCARICHEMANMIIE A Y, 3RA5 T K24 50% 1%
PR, B, SACA BERMIEIRRNES T
WESE . FEASIN 1 g/L WEREB A 2 o/L AR IR
AR PR BE A 5 72 3 b, S HE P TR AR A R L
AIEHEVER, B A4 0.03 g CDW/g.
RGP C T ok SACA A% I IF Y L 1Y [+]
WAER, 7R A 1 =X TN i R A5 202 17%
(- B mbric . R4 5 ARG ST AR L, X s gh
IR (HIX — 2R Pk R 12 BE 76 40 i P & 4%
YERT, HE— 20 1 38 D Ak AT e 350k oF 1Y) 38
‘" Ji2e . #OR AT R, DISCH A EMH
B
42 AEBRENE
HRGFFHEME, & 2R R KA A
A, TS A T A 5 A T G
Al . BRT, RV KB R K IR A
FIRP FEEE ., B, AR FEAE T
fRJ5, AT LATE B BERABE N R 46 F T A4
HR . HILT A A SR 2 UK 5] 90 mg/L.
AP0 ALE $& 5 TARE RN T B BERd
Tk, BB HEIREE 15 o/L T RER A A
M- Rz 32 E 2 230 mg/L, U ALE % T
v FH B ) 2 R AR AE W S A e R T
B T SRS E I Z AN, P R (—Fh
it 4 0 2 7 ) S B T L B TSR B A
77, Lessmeier 28 T —#k TRL B8 E R HE
FFE, B REICI AR R AR BRI B, I H
BN AR FE A = P e, TR AR R
KTk A KT o A R R . ok A R

&: 010-64807509

AT MDH. >k A AN E ZEAFF Y Hps
H1 Phi FFREERR T WIEYE L EI S B  ald AN
fadH K BHWT H B0 SR 1% o FEXFPRE LT,
U B S A AR LR, TR AR
BEFFR T A 1.5 /L W9 e, Hod 15% itk PC
H T RRiE o
43 ERBEEEFIEG

R T R LSRR AL, TR P Rt SR B
TR AR B E RS, W
B R R R BERY T 22 B8 1 AR . Dai Mg
SR Siq sy NS L =R e X K]
FEME AL IR(AOX) . 1 %A AL E i (CAT) . — 2N fiil
A B (DAS1/2) 1 — ¥ N i 15 B (Dihydroxyacetone
Kinase, DAK) A 2 BRI i BE 9 e i, 3X
ok [ 8 R IR ELA 1 55 1 R LR
% PR RE % 7 T 20 1 TR T B ) 2o AL e
SrFFTRe ik o Y0 R EEAE by o — i U
m, Zad & E RS E 6 TR B R
1.04 g/L ik FFEE S AE A 3.13% 09 40 o A= K386,
I A= 260 mg/L WIS EAER . fcT, fRNEER
Pt 2 ad ot f5, 0T DAAE R AR A i U i)
ZAF N SEBBR AR 19 A U B ST A B e A
fifk s HIS 1 B 1) 2o SR AL P AR A T ok B F
BB IR RE 1 BRI AR R, ) 20 T3 i [
ERIFBE ). Bl R T 42 R ReR, 1
BRI PIFP N : (1) MR AL B, @
Tk AIMIR 3k AR I FH 38 A% LAACHE 1 Ry % Bl sk
S 7 Y I U ARV N R O 1R N7
A B LR (XuSP). (2) 8 F A Rk,
FE fiFE i B I B 1 2o S A Py 4R P A A ok T
EEORTERERY XuSP PEIR . XX 2 A0 R s ol 1
BT FEM 3.4 o/L =2 4.5 /L. Hif5, °C
FF T2 ] 7 38 b T2 S 5631 B Y gl e o [ Atk A
SRV - AL D7 R CO | O N = S E e~ T vk |
T Z2A- R ST, 8 1 R A AH S T
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WE— R N FE R 5.2 g/L. i T B UEH
B A AL, AR TE A AR B A R
AR M BE R A R, &l E e K
72, SEI DL B ME— BRI A 0.92 /L T
TR o I P FR A S — B AR R A
RN AE b 25 5 = 2 A SR — I E K Y
PR, (HR XS 50 R T E LA AR
B IR LA W b H Y R DA A ARk
N A R BN IHRE Tl Ak T 199 7.

S EEA ML LR
FRR R SR
5.1 HEmMEK

FH B TE H L3 5% T v 1 A fb R AR iR
FIrde S 1) 3 FhE(PQQ #<#i ! MDH . NAD" <
# MDH 5 O, IK#i %) AOX). MAERIHFEAM E
KE, NAD MR MDH T b H A i il 2 75
W2, B B NADH Af JH T2 #E 7=y i & 1
P52 B2 098 . SR, HE 2= fg) )2
ARSI E MM T — R
i, R ABEMEA MDH, &R
FUE ] AL H AR A B T X — i ey gk . B
un, Chen VR FHE M4 FfbHA,
T RVE T8 B SR B (Cupriavidus necator) N-1 1y
MDH2 2814, 554 MDH2 ML, B EESE AR A A
BRI T 6 f5. IEAh, Roth 27V I f£ K
T K W B A B AE % 22 U 1k (phage-assisted
non-continuous evolution, PANCE) 7 &, {3k H
B 2R F0AF TR 9 MDH2 gE1raifl, fi H i K
N R FEHE R T 3.5 4%, o MDH if— 2P e $ it
giilvoe 2
52 HRBEMASESE

FH L35 3 TR Ay F s S 4 B 24 L 4
Z MR FEEA R A RIS, d)2 NADH
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I ATP W EE R . SR, RS b &
FEERT Y CO, 3 BRI U, AT w2 4
F A H bRl S e BN, X AR R
BRI AL AT B R A3 A R W, 78 R R
R TR, &8 70%-80% M) ik )5 T4 71k
WA X AR A A T R B AR BE 6
DRIE IR, [ SHAHERE, A
it NADH 5 ATP 445 24 , DT 00 i 40 g
A RBY R T A AR i R R A
i A AR AT REE T, DRt i s Ak
FH ) Ak 128 of 6 3843 T Bl 3 ot DAk 317 i ™
SR AR P i B 2 ] P P — A R
. T RuMP Fil XuMP %5 K 4R L[] Ak ik 12
SETEAER, BIILETAY) RuSP B XuSP #YHEA4:
TR E BN BRENRCRIEE HEYE, XERE
A BB 2 — NI B A S A O - R i 2 Ok
KBk EHE RS, B R AR AR T o XK
SR LB SR TR G A L SR I A SRR 5L T
T AP AR e X A RG] A Y )
B, 2R AL )ALk 12 1 JF & a7 3]
Iz R B F FLS B8 A i B R St (gerry
addicted lust syndrome, GALS)Z5 11515 11 Y
PR 200 B 2R Mk i 12 IR SE LA AT AT, IR
TR m G . Bilan, FLS #al)IF & H
T LA Ry L- IR BE RS ) = s A AN i A= )
WAL T2 m, RA&A MR 252 g/L, 7N
126 g/(L-h). #RMi, BT FLS #l GALS #) K,
B, X SEE A AL ORI T i — 3R
AR X e N TR i 1 A A o R Ak
B B SR
53 HERSE KRIEREER 4
TV SR TE R AR H LB R R I 26 i
FRh, Gfarde s FHBERAL S P G s R Y
T P — A A A e A PP A B ) R R S
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PR A A, B — b e AR LB SR R B A
7 B s AR AR T AR P 5 | R B[R] b A
B 5 e DL S0 ) S AR Al . SR R
B[] 355 P 22 A [ A AT LA ek LA 79 o 5 s R
R, S, TEIRACT R EAC R L S s
BRI R A Iem -, SOiEA B S5 R
TR . BN, Guo PR SR EERETE S|
ASERTRA L, Y LLEA N K ik 1T &
Py, TREEPREENS A" 8.55 g/L SERR., R
M, 4 UL EEN I AT A T, 037 AR A D
BRI AR, X R E A R
e I T 1 BRI E XuMP JERH, R R ™
YA R B, 38 A e R 2 b -6- B R
514 T (GPT) K A& M R st () Ak AsE B i H: 55 7= )
BN A RAFE RO, ST R
SRR AED G . HIK, 5T ALE fIRSE
W AR AR 25 A ) 396 1) T SR kA, 2 I B 2 e
5 P (] AR e 55 P st (] A e 22 ) 3 P 1)
BRORME . ALE A E TR bR FE th 2 fif
R, R A KA N KRIR RUE
Y, BRI EBA R R, Gao
SO BUE KR W I8 IR R S 2 T8 DU [ R
s TR T RS, AR R 25 T 7E H R
AR RE ST, X AT RRIUH T A s
FIATHE T HBERE A il i 5| A ALE 56 R%
TARBERRK S T LA Ay o — Rl 5 A= 4 RN AE 7
Ui B N iR A RE ) o B A 396 ) TR R IR Ipll (G
T BLE OB T AN izh3 (Wt 5 BRI AE 56 1Y
JES AR ) Y 2R T WA R AR K I DG BT,
S S5 A ) A T S R DA P 3 R U R
A AR T E S

6 REER%E

METE . RS T ZMMAERE, HRAE
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AR AR R R — A A WG] ) AR R
Rk, HESE SRR 2 T A & o™ i
1 PHB Fl— L R 55 . B — A HR IR
R, FEA R LA )RR 0 25 A5 (1)
Ji&, BT R AR TR TR AL
SR KA m AR g T MR R, W
CRISPR-Cas9 FR4t, {Hif5Aa o szl WAL
FRW BN TR, L, Rk S R 4R B O 5%
PR 2 T H A S B AR U 1 By 2 i e 4
NAEY T LK MM, oh, BE A mE
Ve &, AR T ARARAS SN Ak HL 2 R,
A FRATTAT LAAE Al K AR i F 38 55 1 B 1
A A, DA B AT R AR R AR SRy e K
G W L ok 7 A AT AR R A R RN
Tl o BLAR H TR FE R 1 A ) e A 41 3 B A
T Z iR, (BASRAEAE— 28 Jm) FRAE ROk K
T e F I AR a5 42 1 S SR A AL AR AR
U, MDH ()3 772 & BT B 38 77 B A 2
HREH— A BRI R R, B T SRR R
HHMAH TRUGESS, T2 BT AL
BEE 0150 R 2 5 Tl 1) AL 0% 5 7 Al —
B, BbAh, R R S R, L HE
A 18 TR A TR A A A B e DR 1
I 3 1 A O BRI T AR S IR B 57 e rh
P A R B o i PR R 1 AR R g
P AN HLA SR . R A R A
2R AW, v LI e i, B
o HRE AR %, R g g #1025 F
ALE 7] DLEEEA R T r s RE R AR, #id
ALE 8 iy 200 ) 1 T 32 42 [R) A 2 i ol bk
()RR LR . B, BEE O B
RSN R R H LB R R BE 2 2T A, DA
KR A I BE 78 % AT 0 R A W e Ak 3o
FEAEAARK A E EA TSN
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