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promising approach to reduce greenhouse gas emissions and decrease dependence on fossil fuel.
C1 gas-utilizing microorganisms, such as methanotrophs, microalgae, and acetogens, are
capable of converting C1 gases as the sole substrates for cell growth and oleochemical synthesis
with different carbon-chain lengths, garnering considerable attention from both scientific
community and industry field for sustainable biomanufacturing. This paper comprehensively
reviews recent advancements in the development of engineered cell factories utilizing C1 gases
for the production of oleochemicals, elucidating the key metabolic pathways of biosynthesis.
Furthermore, this paper highlights the research progress and prospects in optimizing gene
expression, metabolic pathway reconstruction, and fermentation conditions for efficient
oleochemical production from CI1 gases. This review provides valuable insights and guidance
for the efficient utilization of C1 gases and the development of carbon cycling-based bioeconomy.
Keywords: C1 gas; oleochemicals; methanotrophs; microalgae; acetogens; biosynthesis
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Microbial conversion of C1 gases for high-value utilization in the production of oleochemicals.

B<: cjb@im.ac.cn



2868 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

IR AL e — KRR A, &
TERRIWTR . REWINE . Be(kke . RRNIIR /205 |
UG LI R AT I R S R i fb
i, AITTIZ N TRER . B2y, B A
AU B A I R Ak 2 i B R R
AT FEA R34 IR A R D 1 ik i 25 Ak
B L G A A R R R AR ShfE T, ek
KRR Y ) 2 e B, % BT
W SR RARHEE N | VB T R 2B 7 RN == AR DEHE
PRAL BB AR . HERH — e AR B
B G Ak 2 5 1 R SR AR ) 2 B R AT SR
W PR BETR | PRCE A R TR o Bl X — e AR
FABL AN W48 75 FH5 BUAE W2 BRI R 2k &
Ji& , AL AR B 442 1T LAAT SR Tl A 0 T ik
&SI TE S YR N NV R i) e e
a0 A P RREN Y BRI, TR R R — BRSO
RHOAE YR Y Bsi%, — TR A CH, #1
CO, AT B AW G ARG 5 53— 7 1HI W] LA
IR 1 e 0 U5 A G A W S SRR, ST A= ikl
W SAR, ARSI A RS R R .

AR SO A A KR — e SR R A A= 9 DA
CHy4. CO, F1 CO yJ5 kG B RSE Ak 27 i A
FHAR ML, EATHSARBME DA
AR — R AR AR AR N s SR, S —
T SAARAR A A ) B LB AR R St 5% |

1 FhREBBERUERNEY
BB

1.1 FBEHREEEYHES KSR

W& H J5¢ 1 (methanotrophs) J& FH 2L 5 7 16 /Y
— M3 WEREGUASE IR 2, 1E
PR G T 7T 0 DAy - S I PR B R R S g Y
W o G S E R BE TR A A S ) B L R PR R
DL A 77 52 B A PV RE v S e, 23 T2

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

AR TRE, AR S0 2 S b A M Y e
P AR OGO SR A T8 R

M e A AR i 22 5, B K 8 1k
g B e TR 32 2243 A Group 1 (y-Z2TE ) . Group 11
(a-ZBTE ) F Group I (PEWF])o Group 1 7Y
18 33 B B FR 4 R B (ribulose  monophosphate,
RuMP)i& 42 [a] b, CHy, H:J 5 A J5E 2 AR HES
FHEES Cl16 JEiMR; Group I 22 % R
(serine)iR A2 [F] 4 CHy, 5T A BB 40 it R HE
y, FEAGWIER N C18; Group HIFIE4A fk CH,
7 RE I CO,, Bl £ < /K 3 (Calvin-Benson-
Bassham, CBB)i&4#25LH CO, W6k [E 2 A%k ]
POt S g P o TR I TR S — ol L 78
PITREIIR & ARG Wil 2 FoR, Btk A
TE LT A R L (acetyl CoA carboxylase, Acc)
YER R A el A, RN ARIDIR G AL
P IR 5T L B 38 A R T R 5 T 52 R (fatty
acid synthase type II, FAS I fk %A K 4%
JE Tk ok FL 204K 25 1 (acyl carrier protein, ACP),
fEMWE ACP TE G B (thioesterase, Tes) /K f#AE
N B 2 AR Wi 2, A 20 o B0 5 Ak
wEAE",
1.2 HiRES MM T sl

U PR e T R B ) R U R LA L P
5. 2017 48, Dong S5yt kA4
Wikl T2 ks v B g i (Methyl otuvimicrobium
buryatense) i i 1Y) 41 L IR 5% Ak 2 5. 5800 5
THAZ RS 5 A N G B DA DG , i
TR REE R A R K BENR VTR ; i 1
SRAR TR & LRI C e A p9fLN, IR
PR R R Ry i, Ak R R A R T T
170842 . Henard Z5"WF98 &7, 76 M. buryatense
WA RR 5 | TR 5 i 85 (phosphoketolase, PKT)
RATRENESE I 5-1s 92 AZ i A (ribulose-5-phosate,



EHE F | —HRSEEYBRUESHHBEELERNFARER 2869

CH,
Outer membrane [
)

[nner membrane (pM@
v
il

CH,OH

L.\th

Fdl Fadh
CO, —— HCOOH €—— HCHO GlgAl, GlgA2
ADP-glucose -~

- 4 Gant

T G1P — UDP-glucose Glycogen,, Glycogen,,.,
A
Xusp &—  Sucrose-6P ——p

. Sucrose
Ri RuMP \Fﬁf

cycle i3
] E4P | :
STP T pl | 3
v

Ack .
Acetate €—— AcP PYR P-ketoacyl-ACP

—» One step Y. . Ao . FAS Tes FadE
AcCoA —# Mal-CoA —» Mal-ACP cyl-AC | axidati
c cycle Acyl-ACP —p-(FFAs -3¢ p-oxidation

----9 Muti-step /

¢ Deletion
B-hydroxyacyl-ACP

O Heterologous

Membrane

B2 HFEMERREEYEL CH,SRERRE

Figure 2 Lipid biosynthesis pathway by methane fixation in aerobic methanotrophs. pMMO: Particulate
methane monooxygenase; Mdh: Methanol dehydrogenase; Fadh: Formaldehyde dehydrogenase; Fdh: Formate
dehydrogenase; GlgC: ADP-glucose pyrophosphorylase; GalU: Glucose-1-phosphate adenylyltransferase; GlgA:
Glycogen synthase; Sps: Sucrose-6-phosphate synthase; Spp: Sucrose-6-phosphate phosphatase; FPkt:
Fructose-6-phosphate phosphoketolase; Acc: Acetyl-CoA carboxylase; Ack: Acetate kinase; Tes: Thioesterase;
FadE: Acyl-CoA dehydrogenase; Ru5SP: Ribulose-5-phosphate; F6P: Fructose-6-phosphate; E4P: Erythrose
4-phosphate; S7P: Sedoheptulose-7-phosphate; XuSP: Xylulose-5-phosphate; R5P: Ribose-5-phosphate;
GAP: Glyceraldehyde-3-phosphat; G1P: Glucose-1-phosphate; UDP-glucose: Uridine diphosphate glucose;
Sucrose-6P: Sucrose-6-phosphate; PYR: Pyruvate; AcP: Acetyl phosphate; CoA: Coenzyme A; AcCoA:
Acetyl-CoA; Mal-CoA: Malonyl-CoA; ACP: Acyl carrier protein; Mal-ACP: Malonyl-ACP; FFAs: Free fatty
acids.
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Table 1 Bioconversion of methane for the production of lipids
Strains Products Genetic modifications Titer Yield Productivity References
(mg/L) (mg/g DCW) (mg/(L-h))

Methylotuvimicrobium buryatense  Lipids None 960.0 - 13.3 [14]

M. buryatense Lipids Overexpress pktB 927.0 - 9.7 [15]

M. buryatense Lipids Knock out glgAl, 1 400.0 - 454 [16]

glgA2, and sps

M. buryatense Lipids None 82.4 - - [17]
Methylomonas methanica Lipids None - 79.0 - [18]
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Figure 3 Overview of native and synthetic pathways for biosynthesis of oleochemicals in microalgae. Pap:
Phosphatidic acid phosphatase; Dgat: Diacylglycerol acyltransferase; AtfA: Wax ester synthase; PDAT:
Phospholipid:diacylglycerol acyltransferase; Acc: Acetyl-CoA carboxylase; FabD: Malonyl-CoA:ACP
transacylase; Far: Fatty acid reductase; Aar: Acyl-ACP reductase; Aas: Acyl-acyl carrier protein synthetases;
Tes: Thioesterase; Adh: Alcohol dehydrogenase; Ado: Aldehyde deformylating oxygenase; AIdE: Aldehyde
dehydrogenase; Car: Carboxylic acid reductase; Ols: Olefin synthase; LipA: Lipase; PIsC: Lysophosphatidic
acid acyltransferase; PlsX: Phosphate acyltransferase; PlsY: Acylglycerol-phosphate acyltransferase;
Ru5P: Ribulose-5-phosphate; RuBP: Ribulose-1,5-bisphosphate; 3-PGA: 3-phosphoglycerate; G3P:
Glyceraldehyde-3-phosphate; F6P: Fructose-6-phosphate; S7P: Sedoheptulose-7-phosphate; PYR: Pyruvate;
CoA: Coenzyme A; AcCoA: Acetyl-CoA; Mal-CoA: Malonyl-CoA; ACP: Acyl carrier protein; Mal-ACP:
Malonyl-ACP; LPA: Lysophosphatidic acid; PA: Phosphatidic acid; DAG: Diacylglycerol; TAG:
Triacylglycerol; FFAs: Free fatty acids; FAEE: Fatty acid ethyl esters. Solid arrows denote single-step
reactions, whereas dashed arrows represent multi-step reactions.
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TEAPI Bk (Nannochloropsis) 13 % NADP' &
TS LR AR TAG P iR R 38%°7,
23 WMEERHBEEHUERHNIZMNK

TICEE I 2R R FITM B it 52 Z R AR I R 5
e, Hor ORI G R (A . BN RO T B
TR A BN RV ET, M
B B EB 0 BC LA AR BT, DA T 4 s Tl B
i, XOTEZMRCE AR B, s o
2% #: (Neochloris oleoabundans) . £ K & ¥
(Dunaliella salina) . #} 4k it % (Scenedesmus
obliquus) FI/NER 3 (Chlorella sp.)Z0Y, #HHL
T, BEYUER I AT BEE AN 7] 4 38 A5 52 M e Y
Re AR, L HAERALER B (Nannochloropsis sp.)
12 /N BR E (Chlorella sorokiniana) 4 [ il Hp
LI 22 5 BEBR 2504 T , Nannochloropsis sp.
B AE & Al g Y, i 7E C. sorokiniana
W, BRI 2 MBS K AR SR A R

B<: cjb@im.ac.cn
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PUHAR L TRV S, X e fs B A ik 14
P PR RO S5 o Ah, i PR A i R 3
R H48 5 R T IR 10 & I RE 1 Y

JEHR L IRBEFN pH AE PR R R A 2 5 ke
SRE SR N )= e = o1 1) S S R G S 7 € AR
NERR R H.a] A Rk 35 icse BB DT BR 4 i ik
Xof it i (Scenedesmus sp.) . L4 (Monoraphidium
sp.). /)NEK#E (Chlorella vulgaris) . C. reinhardtii
# L PCC 6803 FIZREREE PCC 7942 %5 E4 758
JCRRST, SCBL T R ERR RS A B T, B
A F] 300%7°, pbAh, iR AR BB S
PR PGS AR R B, I e iR A AR il sk
BA BT BT, TR AR WA R T e
M T, WRgE R B, TEIRE 10 °CHl 32 °C
InF, JRAZ /NBR 3% (Auxenochlorella protothecoides)
PR BT 2 1 v T 28 °CHE, I H v ik L o
S A Y A KA pH (A
SN P, AN Rl R 2R Pl AR B9 pH (E LA
flr22 5, IR K/NBkE(C. sorokiniana)fE pH {H

R2 WEHRL-SURSBUHEELFERER

R 10.0 B A= p= i g, 1 MRS (Scenedesmus sp.)
5 pH {E 1L 6.0 I, AR & it 2cFifl pH LAY
R, g5 b, BB R SRS REAN ]
PR RE b B8 S sl 5 &, (B0 R R AR
G2 C P N N R TR B ST e e S i <)
A = IR (R 2),

3 CO RmlEAhFRhmAeEY
A R

3.1 FZEREAHEER U F RIS KRR
G AL CO FH, iy EZEH Iy, —FhE
B TR, HAT, A BURR B 4
L™ 2, B2 i (acetogens) AU RN I A5 W) 3=
B 3 {HL A% 75 7K (Wood-Ljungdahl, WL)i#&42:[F]
f& CO il CO, #ATAKIFTE R OREI(E 4),
IR R R IR A S T e 1 REIY CO, [
w2z —, BB ERIR CO, AN B A
FHATEY . WL @428 — 54 s 2 A
1 53/ ATP [E5E — R ST B T I A, 2R

Table 2 Progress in the bioconversion of carbon dioxide to oleochemicals by microalgae

Strains Products Genetic modifications Titer Yield Productivity References
(mg/L)  (mg/g DCW) (mg/(L-h))

Synechococcus sp. PCC 7002 FFA Knock out aas and introduce  131.5 70.0 0.3 [25]
tesA and rbcLS

Synechocystis sp. PCC 6803  FFA Introduce tesA 331.0 199.2 2.0 [60]

Synechococcus elongatus FFA Knock out aasand introduce 6 400.0  360.0 1.5 [61]

PCC 7942 tesA

Chlorellavulgaris FFA None 29.5 None None [62]

Synechocystis sp. PCC 6803  Alk(a/e)nes  Introduce undB, UcFatB1, 231.1  134.2 None [35]
and fap

Synechococcus sp. PCC 7002 Alk(a/e)nes  Introduce ado and aar None 7.5 None [63]

Synechocystis sp. PCC 6803  Fatty alcohols Knock out aas and 905.7 None 4.7 [40]
introduce car and sfp

S elongatus PCC 7942 FAEEs Introduce atfA, pdc adh, 15.1 50.0 None [41]
XpKA, and pta

Desmodesmus sp. Lipids None 419.6  None None [64]

http://journals.im.ac.cn/cjben
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e )
CO, CO
Acetogens l *
Cfg | Ethanol Acetate
Fdh
HCOOH
CHO*”H;F Etfsol Aeetite Clostridium kluyveri
¥ ol E
CHil” HF v
FolD
= Acetaty
CH, THF Acetyl-CoA cetate
+ Metk v
CH,-THF CcO
Codh/Acs
l Butyryl-CoA Butyrate

|
Butyryl-CoA <--- Acetyl-CoA
R —— ;

Hexanoyl-CoA Hexanoate

Hexanoyl-CoA

Adh Aad
Aor Adh

(Octanoate) -- b(Octanol )

Octanoyl-CoA

Aot
—— Hexaldehyde

l\d?
— One step
---9 Muti-step
\. J

B4 ERSREREE"DERHERIEREREZ

Figure 4 The pathway for anaerobic fermentation production of medium-chain fatty acids and fatty alcohols
from syngas. Fdh: Formate dehydrogenase; Fhs: Formyl-tetrahydrofolate synthetase; FolD: Methenyl-
tetrahydrofolate cyclohydrolase; MetF: Methylene-tetrahydrofolate reductase; Codh/Acs: Carbon monoxide
dehydrogenase/acetyl-CoA  synthase; Adh: Acetaldehyde/alcohol dehydrogenase; Aad: Acetaldehyde
dehydrogenase; Aor: Aldehyde ferredoxin oxidoreductase; CHO-THF: Formyl-tetrahydrofolate; CH-THF:
Methenyl-tetrahydrofolate; CH,-THF: Methylene-tetrahydrofolate; CH;-THF: Methyl-tetrahydrofolate; CoA:
Coenzyme A.

FET R A 7 IR 0 i 1D B 1) A 0 BRI

32 COEMEBXLFRMEI MBE
B — % 1Lk % (C. carboxidivorans) H. £

GO EMEE T, &M AaRE

Pk B9 7 2 BR 1 . Wirth 2571 2021 48 1 v i 9

J5 7E TR VR P AE R T 38 R IR K R 1R T
WO, FEAR 15T ATP, XA FEgHH
FERET N 0. Ik, ZBMMOEERRZHC
MR TR e JL B I R AR ) . RA DB R, I
— A AL i # 1H (Clostridium carboxidivorans), HE

5 MO RO B Ak, 47 CIRE S H AL
AL FIE IR, B A SE ] Ik \BR (8] 4).
KT LA iR 105 R AN DT T ) 45 LA 22 e i
SPAR G TAEHEAT T R AN, A 25

&: 010-64807509

T C. carboxidivorans P4 & R Fll O B2 A i 42
FOOCHE L [N 1% , B C ML A 5 OB SE DN 7% 1
F1 2 (hexanoyl-CoA synthesis cluster 1 and 2,
hesl and hes2); A58 A 51k FH A B L )3 305 Fi
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7SR BT, % hesl Al hes2 5 A K GBS FRAT
T4 (Acetobacterium woodii)iE17 S Fik, L3k
& 4 DEARN; KB Yrha RN, X441
A RRTE H IR M558 50 T HRB S MC R
(0.48—4.15 mmol/L); A1, hesl W ABECIR
%] TEA% 1 (Clostridium saccharoper butyl acetonicum)
HITHFEEEE, ST 0.8 mmol/L C R Fl
5.2 mmol/L C F¥. Ky ILFF # (Eubacterium
limosum)t, B4 F| & 05 L C R 1Y RE

SR i L A A AR A AR 1 R B TR AT O
Lauer Z°VF 2022 4E {30754 FC AR T (Clostridium
ljungdahlii) 3288 T CEERAED A AL, XhndkdE
AR OIS E IR, He, El Ak
TEF AR T AR 7 (Clostridium acetobutylicum)
CREG AL R, & B i AT
KEE, WIS T 15 mg/L S EEM A", B
Ji , 3832 ) CRISPR/Cas9 #i A T bRk F 7L,
I3 A C. carboxidivorans 3 I i1 C B4 i 5k
e, Ol et —BiRE 2 251 mg/L, M)
TE2 L KBRS T 393 me/L RS A4S,
HH 9T 2 W] C. ljungdahlii 1 % % W Bl 5
(Alkalibaculum bacchi)#S E % F1| T4 1k &
MR A 5 Y Liu ZEVVRGBF9E 45 3R s,
A. bacchi B IR B O IR AL Ah 63.6%, 1
5N 212 # (Clostridium propionicum)iig & & 1
B, CEREALERIE 90.7%. X FIFE TR A5
FEPIAP S Z B0 IR R, AT LLSE B O RE Y i 2L
&, S AW S o v i D Y BF 9 4
7B Y LR % o Dykstra ZEU7AE [ 7 2 AR
T (Clostridium autoethanogenum) 5 | A [] 3k 5
M) & BE Tk B W S kB, TR BE B
(Saccharomyces cerevisiae)Je 5 {5 2 Bt L 54 74
RS S LA R ZH IS AR ™A 0.2 mmol/L iR E
fif; FEANFEORES , IR CHRI= iR T 1.5 45,
AN T, ALK AT LLAE )™ 4.5 mmol/L R

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

TR XIS 2 I R AR A R
BRBHEME TR nTRE, dE—fEsh TAYHE AR
SR K R

REG A EDERALT S RO ERA
ERW T, (HAHSCWE S AR A, B I
%} C. carboxidivorans c 2 il C B A G ilHR 12 1Y
SEAARAT, AAHSCHE IR SR AL T A LA ATy
], N Bl 4 R Z B 5 i PR e R N
WAL, W MmEE, RA YRRt
SR RE T AR M A K, A e S —
i AR B Z b G Wb T M Z R
A Vil O R C A A S BRI 2 i — 20 TH AR
ATP,  [RLIHGR TR 7 ) 38 78 ok 55 B0 5 BB 1t 5
B2 R v O TR B L T o A RO
33 FCBMEFHAEBEIZMKL

G R B o A BB, 7R R B
B, MREIRECEK, FETA RN RE,
] B A /DB COL R H 77 A ZE P IR FI B BE
M TR E IECE T, SR A LR b
AER A AL o AN [R5 3% 25425 52 il D bk v B
REIVITR /B AR 77 . pHAE . R . e R 2R
AV R P R EmE A LA R, R
REES R pH FRUE AT R S O R
Fernandez-Naveira 257V B, 7e45i pH Ky 5.75
M A B R B, O B B ) AT A B
0.85 g/L. B JE 0 — PRGN R, s
PORRE MR L R RS . R
37 CCIRRZHU™” LR M A KIRE , (A fHT
WEFR R B, IR A A1) T B B 4 o A b B R
MR/ R, W R BLESR C. carboxidivorans
P7 7£ 25 °CHUMILIR S % T IR M & K . ALl
TEPEREAG, (R OB ORI i ks B
8.21 mmol/L 1 9.02 mmol/L"*!, Phillips %"
b 78 FRE 35 3 S U BE R HRUY)  MES 22 v i Fil
)3 10 f5 9 SRR ER , f# C. carboxidivorans
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O EER ORI R 0.94 g/L Al
0.36 g/L. HoFiIWrse .M, C. carboxidivorans
P7 TE4 AR TR R Th o A D B AT DA 2
e O R, RN R ST,
O = ] =ik 8.45 /L, X2 H AT HiE 1 ™= &
2 T 05 % R T A 7 O ) e i AU

BEAN, 38 PR B 2 Rl Al TR TR A B R AR
A DA G i SB hi B  BR /B A, G
PRI o A PIABr B, 54— B B G iR
bRy LR AN & T 55 A 5 I T IR /T, 2R B B
TR B TR /T A Ay v AR DT IR/ . b FRAR
i (Clostridium Kluyveri)f1 Z fh & SR &, W0
C. aceticum DSM 1496 . C.
C. autoethanogenum #i1 C. carboxidivorans 4%
3%, A LVH T A R BENR R /BEUT . Richter
Z:U8h C. ljungdahlii &5 C. Kluyveri 225535, 3F-0idk
SWAL AE RSB R/RE, SCBLT 4.70 g/lL
L 0.78 g/L SFEERY 4™ . Fernandez-Blanco
F % T A C. aceticum DSM 1496 i1
C. Kluyveri HyHr & AL TR IA R R & U
O, Hh Ol RN TR, TR
F N AR SE B 8.0 /L R A AR 7= (35 3).

4 HEREERZE

ST A B g 0 A i i T2
PR, A Yl A A Y R e 2

[jungdahlii .

Tl — B SRR A A IR 25 A2 i (B Z BR T
— BRI A BRI AR A BRSE, H
T AE W Al — Tl AR B B 2 Ak 2 S AT A7 A
W2 )RR R i e . g R BE TR N IR S A% O A
FAOGHK, BEAE ™ R KAEENR TR (C16—C18), H
HA MBI IRtk IR, FUEAIR, #Wid
TR R ROR HE B BE R S AR H R . R =42 1
fi AT g H e BRTm AR B R AL L A AR LS B Ak
ARSI, ATA A g B IR AR R o
EEH A IR & B m A A RCR R L, H
TE R FAR K5 77 v T I A= 7 0 R WS A ey 55 X
R Ay BRI G A ) R s A e DA AR
PR EAE Y AN — - RN MR (docosahexaenoic
acid, DHA)FI EPA &5, Wit suiC A iy 5 5=
ZRGu it e 4 9T B (Cupriavidus necator)
=M B ik ae B R, BAA R
CO, [HESALRE ST, TFREAE 5 Uil 23 A5 U7 R
B de S5 7= 0, (A e R IR A T B A KR
MRS, SFEOREES R AR, I
THE R R RO 4 1 HE ) S B g% T C. necator
) T 0 2R DG T 8 B K 2 I PR T [T sk 2K
ZAVA R, BT S IR A g ok
U5, AEE R AT AR AILEE | 0 R [ i ik L
S AN T MRk, ARILHAANTH
FMAEW L MIER A B, RN
DE AW E T AFR ALY E. coli FIHEIREER)

R3 FCBRELEYVENE RS SR 5EERBERF0AE B R

Table 3 Progress in the bioconversion of syngas to medium-chain fatty acids and fatty alcohols by
acetogens

Strains Products Substrates Titer (g/L) References
Clostridium carboxidivorans Hexanoate Syngas+Mo 0.4 [75]
Clostridium carboxidivorans P7 Hexanol CO+Ethanol 8.5 [76]
Clostridium ljungdahlii+ Hexanol Syngas 4.7 [78]
Clostridium kluyveri

C. ljungdahlii+C. kluyveri Octanol Syngas 0.8 [78]
Clostridium aceticum+ C. kluyveri Hexanoate Syngas+Ethanol 8.0 [79]

&: 010-64807509 B<: cjb@im.ac.cn
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(Pichia pastoris)™®' ™, [a] i} Fll F 22 41250 #r
PRSI E, IRAIZ A AL S R i A
P RAR iR A, AT e — 2l D AN E R 5 A
JIF s ke () Ao AR A A, DA SIS IR e R B BE A A
WiiCw . T8, Qin ZEIME Bl 4 I 4 A Qg
RITFRE LT R T ZFRns, fim T EAR
BETR R S R A B, 3R AL T CO, BB R,
2R 3-R2 R TR e m e 11.25 g/L, ik
RS, Wik, @ RA TR AR
SRR IS, WA A WA — ik ARG L B
FAb A ol PTG A 2 E PR AR AR AR e 52, M
BIZ I & S R o

WAL, BEE A Y- R S AR R A
St AERC, A B AT AR R IRA AR DA iR
Ji CO, i R RERL DT K . CAUIER, #
JEREELHLRE 5 MR ARG, AR 2R
W AE R T PIE G, 256 A W) AL L RE S S8
C O, B Ak 4 Bl AN B3 M TR S5 LA ™,
AT DL R b RG0S A SRR A Y a0
3 . C. necator FFHHZE G, #H Hukfk CO,
e AR S RIS A, D™
i RSO R A s . A, 1R
o TR B P AR . TR R B T R s R W
O 75 388 e IR A IO D R R R R AR R R R
FRUASE I [ R DG B A% o R 2 TR 1) e g IS
[REERE S 7 SR HEAT IR Be 15 SRt 52 8 1 i
J A A ST SR R A T R AR v 7 o A
AL T G S A

AR T S TR i 224 it A s A 4 i B AR
s BR R Ak 2 s b AR PR R T, T —
i AR IR A= ) G B AR AU B T 22 i g
DRAER FJ7, I RE SR & AR HE . 22k
AR A BRI, — R AR A YA AR 52
BT CF R e, XORH SE5 LR
Pl AR 5 X0 S Ak A T S BRI AR
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SN B — e U A A B RS A b
TP ARH CEES AL MR AL S A )
TR A G BN v I — B A AR W [
BB AR 55 2 0 WT A TR A A 5 T B A
BT, FE50 5 AR B IR 4L e b
ORISR, E S B R AN RE S
AREIIHAE . SRR, B RRAEARIIACR
Mzt 28 b, R —8ASUAREY) S Bl s
FAbsr b, A BT SRR PR A BN i
BT . B IR — B AE W) e AL BORAR SR T Il 22
MR, LR X — B R P Gl A ) B TR A B
MIRER, A ELH RS —wEYE, Bhh
e ol Ay iy T R i, HEsh A=
PR R AR 22 T i 15 o
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