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originate from ecosystems shaped by long-term geographic isolation and multiple environmental stresses, including
low temperature, freeze-thaw cycles, oligotrophy, high salinity, strong ultraviolet radiation, and low oxygen availability.
These evolutionary and ecological processes have generated a wide range of unique functional genes, metabolic
pathways, and adaptive traits, making polar microorganisms valuable sources of cold-active enzymes, antifreeze and
ice-binding proteins, extracellular polysaccharides, pigments, biosynthetic gene clusters (BGCs), stress-tolerance
modules, and potential non-model chassis. However, their practical utilization remains constrained by fragmented
resource collections, low culturability, insufficient functional validation, incomplete integration of digital sequence
information (DSI), limited genetic toolkits, and underdeveloped biosafety and governance frameworks. Following the
theme of "from polar exploration to biomanufacturing", this review summarizes the development of China's polar
microbial resource system across Antarctica, the Arctic, and the Third Pole. We first describe the resource acquisition
network established through Chinese polar research stations, icebreaker expeditions, Arctic observation programs, and
long-term investigations of the Qinghai-Tibet Plateau cryosphere, and discuss the complementary roles of the three
polar regions in resource discovery, ecological research, functional validation, and engineering translation. We then
review the accumulation of cultivable microbial resources, including bacteria, actinomycetes, yeasts, filamentous fungi,
and microalgae, together with advances in functional genes, BGCs, stress-resistance modules, and emerging chassis
candidates. Particular attention is given to the transition from physical samples and strain collections to genome
catalogs, metagenome-assembled genomes, multi-omics datasets, and DSI platforms, which are enabling data-driven
discovery and synthetic biology-guided reconstruction of polar functional resources. The potential applications of these
resources in low-temperature industrial processes, environmental remediation and resource recycling, cold-region
agriculture, high-value bioproduct development, biomining and one-carbon (Cl) biomanufacturing are further
discussed in relation to China's environmental and low-carbon development needs. Finally, future priorities are
proposed, including coordinated sampling and preservation, phenotype annotation, artificial intelligence (AI)-assisted
resource mining, non-model chassis engineering, automated design - build - test - learn workflows, process scale-up,

techno-economic assessment, lifecycle analysis, biosafety evaluation, and international governance coordination.
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Overall, polar microbial resources provide an expanding foundation for the discovery, validation, and engineering of

functional biological components and may contribute to future environmental sustainability, low-carbon transition, and

advanced biomanufacturing.

Keywords: polar microorganisms; Third Pole; biomanufacturing; cold-active enzymes; environmental synthetic

biology; digital sequence information
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China’s main polar resource acquisition platforms
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Fig. 1 China's polar microbial resource acquisition system and the strategic role of the Third Pole
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Table 1 Features and complementary advantages of the tripolar microbial resource platform
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(a)
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4GDB 62,595,715 non-redundant genes

4,501 prokaryotic genomes

21 glaciers

85 metagenomes

883 isolate genomes

2,358 MAGs

498 metagenomes

32,355 MAGs 10,723 representative species

~300 million non-redundant gene clusters
73,864 BGCs

TG2G

TPMC

248 sediment metagenomes
TPMC-S 13,696 MAGs

511 million non-redundant genes

M Genes
BGCs

I Metagenomes/Samples ™ Genomes/MAGs
[ representative species

B Genomes

(©)

TPMC:
plateau aquatic
ecosystems, MAGs,
representative species,
BGCs

The Third Pole has become a major near-field platform
for continuous microbial resource digitization
A [ A 5 B AR AE R PR B A B 2 2 ), () EETEET A AR BEME (D) ARTFEEX
B, ARAMEERMOTEME SRR o BEMBERERRWEAEG () AFEAIRELE D) e 4298 ALY HGE % 1k
=R AT

Fig. 2 Digital landscape of polar and Third Pole microbial resources in China. (a) Major digital resource platforms and their

El 2

(b) o \q\@
w§€§¢§§9@ﬁ§
6o @ O O @
TG2G (W
TPMC O O
TPMC-S @ O

Coverage intensity O O . .

A\ BB

(d)

Functional mining and

>

—Information Functional discovery

biomanufacturing
Multi-omics
annotation / DSI i_’@
Non-redundant -

genes / BGCs

Strains / genomes
/ MAGs

Physical resources—Digital Sequence

resource scales. (b) Regional, habitat, and data-type coverage of the platforms. (¢) Complementary components of the Third Pole

digital resource system. (d) Hierarchical transition from sample acquisition to functional mining and biomanufacturing.
Abbreviations: 4GDB, Global Glacier Genome and Gene Database; TG2G, Tibetan Glacier Genome and Gene catalog; TPMC,
Tibetan Plateau Microbial Catalog; TPMC-S, Tibetan Plateau Microbial Catalog of Sediment; MAGs, metagenome-assembled

genomes; BGCs, biosynthetic gene clusters; DSI, digital sequence information

SAORE, PECYPP I RE R, B A
S =Rt A B AR R, IFE D B ERLE
FEAS S BRIPR DR 2 B BT IR 22 2H 2 s IR (A fe o
HAEABAE T I RIS, EAE TR T
TRV - IT S SR IR - Dl R B
E” MIWETCEESE, DReSEIA. AW A R R AN
PRI SR R G2 BE A, RS TR
TR RN A W3 LA e it SCH

2 JGRE O A i) i ARl T ELAR

et A 25 AR 8 T eI PA BT 1 6 TE BRI R 74

M Pt . YA AR E N AE S, WS
AT E R AEEIEERERE . RRETE. BRI
R A5 70 38 1 T PR R ST R 9% R, T 9
o TEAG A AR (L AR (3D . EAR AL
A2 W) B E A5 AR A AN TR B E [ A AR W 0
SR ANAE T T S ST AR B A ) B RN Tl A
F, MAET RS KL KINE NG Al @
By SEE IR ISR I PR R RE T,
WA R L AT RAE . AT E A R AR R e T,
Be5 2, PRI R OAESS, R NRRE
N2 B I L RE 6 IR 55 & R IS 0 T RAE, B
EAREMEACEE . AR T BT 2R Ik
AR B R R DA RO A B DL AR R A
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AR, Z A5 FENATZHE . S50 T A G Rk
W TR, AR M Ty B B UEAS 1 AR
WG e 1 TR A BB ORIk, T 4R HEN PR B R B
TheE T < 57 Y5 K M E R o8I AR A6 A 0O B
Bt 0, R R RS ST SR, AR R

Current biomanufacturing bottlenecks

jil/}@@@

Thermal Puri Scale
feedstocks

energy variability

Industrial-fit gaps

@’ Enzymes gf & é .

P S50 A R PR FARIEZE K, MR DL 7 B8 45 1
B EPSAERM. PUEM B, KA EA WiF
(LR VBRI VRS S & féﬂ-ﬁf“ﬁiﬁ%qﬂ
X e R AE OE 2 A 2 A M AR ) ) aE TR OAE
Hehi;

~ Polar ccosystems as the solution space
B O Ow @ B

High Nutrient Freeze—thaw
Cold  Giimit ~ UYROS  finitation  eycle

Polar module library

Engineered
bioprocess

o Cold/salt/solvent

Salt Solvent tolerant
A 7
»k \ Metabolism i a @ x # ¢' Need robust > K\, Cryptic BGCs/C1
BGCs  Cl s Waste  plagtic modules & + waste valorization
e, -—_.—.J ’
|/ —r
A i Regulation ‘/\P' M A -/\,’\— ll—_. Condition-
- | Temperatre  Salt pH 0, -1 sensing circuits
: : ) > Robust across
i[ —_—— harsh envelopes
{éﬁ Chassis % [+ {!":if Poly-extremophile
ar N o Lo robustness
L J

B3 R IRIE SR G A & A SR SR A o S

Fig. 3 Polar natural adaptation systems offer modular solutions to bottlenecks in biomanufacturing. Abbreviations: BGCs,

biosynthetic gene clusters; C1, one-carbon; UV, ultraviolet; ROS, reactive oxygen species

21 (RiEfECRIZOTH

FEBUA W D e BRI A, v 3 ik Bl I 4
e dE . R SEBR N ) — R BRIR . B
RO BB IR B ST, AT
FEA SRR RE, B T ZRAC NI 590 IR 1 E 81
ARBRE T o Grpii BT b, Y05 PR I 7R AR
IR B PR 26 T IR R AL R, IR R AR
> T R BAR AR B I o I AR AR i L R
i 75 BAR IR BE T S8 UK AL AB B, A
MDA K, DRI INEVE R Y, JFAE SR 45
Hm B IR AR SRS B DA SRR
AIEVERE CE RSN T AMEKAR . R VRS
WAL L R K AL BRI B 42 5 A O R N
WEFE, R I RE AN PR ARBRHE B A 0 B Xk
T ARG T i kO E AU $2
BERAEACT], A T ORI BUR R 26 N I T

AR T AR E IR R AR .
REFTA R SRR =R B, A

PV TR IER B 1 RO FE A B AR T E AR RIS

Pseudoalteromonas-

Pseudomonas~  Psychrobacter-

AR AR LR SRR R, Dl TR 5
il VERTEE . A4ERE. ARTPERE. JLT AR B-
PRS2 MMRIRR R IR (R Py e = 2
AR T W B IR A, ] 0 BT e
R H SR R E IR, CARW EERG A
A A L & & # AL 77 1 psychrophilic cellobiose 2-
epimerase, 1t BH ¥4 Wi & 30 1E 7E A% G5 55 B Tk 4
J B 5 R H SR IREN T A2 B Rk, A
Bt 9 75 B — 0 MR ILE ) TR Ak, AR T
HEdE, RE. KYIER MRS T 214k
F P 2P, A 3 IR ORI A A P i
W AR A AL TR B
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R3IBBAD) T RE B LA A 3 L T )

Table 3 Functional resources of polar microorganisms and their biomanufacturing applications

e R e SIS FRERE WAER TR i;
Vi Pk il Pseudoalteromonas, (RSN, R &M U R E FHm AT 5 00 IR R IR W R EHAE  [28,
Pseudomonas, Psychrobacter, £, {Fa g PRI DAL JRKAEHE sy M PR AR IGIRUR B A K 58U T T2 52]
b 3 BT M) pH .« #h B A S8 A4 2R DT AC 1 A 2
AFP/IBP W b2 ] T B RS VK AR PR BRI B B SR IN AR HE AR (56,
HAq S L LRAT Gr— s i 2l 5 BUA B e s B RIS 2 5T
FLEE UK R} TS A% A B A
EPS/Z H Pseudoalteromonas 5 EOS AR RY RN BART A SEV R 4 B 5 255 3R 2 R s PR R Al [58)
HrEh A MBHRBELRYT AR FREL AL BT o« RO R A I Ak
RINATEE
R/ WO BE | BUE 4 B P EIRYT RAREER Al R B AR E A R AR T iR M R AE [59]
A AR FAMLHIRE FEAS 2 5 B B 22 4 AP VR AN 25
AR
BGCs/  JRZKW LB UK NI/ERWI R 4% PKS.NRPS P PR % B BGCs A T YUBIR A s RARTE L6 [60]
RIRF=H) FHRiPP 25 N A5 RIAE 5 335 1 7= P DA 2R TR 1 4 B9 s M [R] 1 31
A S ) B E A
Fim &V FLAL B KI5 44, miseE. R AR s 2B A s R E AR [61]
E PR TR B A FrR W T BER B2 S R AR T AN R+ 5 M SR T PR R L
AR F 1 AN B if
firf 52 5% & Pseudomonas- iR 74> i (YN BAEBAE R R Z s TR RIE O % [62]
Yo it Actinomycetes B | i G Bt MR E EXHNE A B FE SR UG R B L 2R A B,
Y RS TR R AL

i£: AFP, PUREA (antifreeze protein); IBP, #KZ5&EH (ice-binding protein); EPS, Hi4tZHE (exopolysaccharide); BGCs, E4)
& i KE R % (biosynthetic gene clusters) s PKS, KW & 8§ (polyketide synthase) ; NRPS, 3E # B 14 ik & (nonribosomal peptide
synthetase); RiPP, %M A Al Bl 5 121k (ribosomally synthesized and post-translationally modified peptide) .

2.2 EEH. RIISESTRIEEDTR

R b A5 A P R 0% A VR 45 . R b RS 7K 0 2 3
B AE R A A s B, HOBUR AN 2 ANV Vs T
M A& — 22 57 4 B DR 4 A0 BR S5 iid 52 AL . AFP A
VK454 8 (ice-binding protein, IBP) #8151y [}
FEUK dn 2T, A UK A A B 45 0, AT ek 2
UK i X 2 R AL 2R A A% s EPS AT 7E 20 Ak
TERARTE, FRAROK & Eh 43 F 4 Ak B 38 %7 48 Ffg
sz B KA MR, B R MPTEY R T
G P SRR S ANE VE AR ) B ARIEVE . R AR A
HETN AL W BT 5 ) 36 7] 35 B 200 i e 457 208 e . IR
T B R R A AR e 1 Y I AR SR G TR AE ) AFP
IWFFEdE t,  AFP/IBP AN & ¥4 3d b 1) B 225 1AL
Hl, WEREREAERM. RMLAEE 2GR (R AF
HH R R R g

X eV PR A 5 i 52 A5 Hons & i AR P il i B
PIJTTH & S B —, EATAT B e sk R

40 194 VR 6 AR B L AR i S 2E SV IR DR AF
PUE VKA RERMIIR TR AP RT3 =, BATA
ENES oG e fF, AT R IEHERE. &
o VREL. FALE B R IR R AR E
P A A0 T 3 R BIE FT R BT, Al A )
MR EAE . EPS 7) b 2 HES R BE . AL
36 LR DK 25 45 B 1 R IE S 2 R RN 4 i 40 i
hfg, X ONBTH 2 AR AL 18 IR BT,
R ORI R B ol A 0 2 A A ST v ¥ U I ) S
WAL, BN RGIZIEXERPERET, JREEE
JRBNT R oA A I B iR g\ B E AL T
PF e, W B e 4 ) AR AR BEAR TR &
Btk

2.3 SMEXRERBFISIRIEEMSHKIED

B 7 EEAGRY > T, MO S KR
i AR IR IR A 77 KRR . 8 5.



FEXXHE  www.synbioj.com 011

SHR R 2 1) o 25 T REAE AR M A AR SR L Bl AP
MG T 3T AR T O Ry (AR 4 B BEE
antiSMASH (antibiotics and Secondary Metabolite
Analysis Shell) .« BiG-SCAPE (Biosynthetic Gene
Similarity Clustering and Prospecting Engine) Al
MIBiG (Minimum Information about a Biosynthetic
Gene cluster) SFFERIZHIZH8 THMRH, etk R
F%Eﬂ%ﬁﬁAMﬁéé}Eiﬁ%ﬁiﬁ%ﬁ%ﬁ BGCs R 412
P AR LUK S AR AW AL T 133 N R
B MAGs M1 28 MR A KB 7 K& BGCs, JHiE
AN AN TR KT 2B 458 2 8] B & O 1 & D, R
UK A B AR B R R A RO A 2 R b
24— 887> BGCs THREAR KN, 5t W UK 5 8 15 A7 7K
BRBEARAT B R IR =23 [ 1

5 RAE X — 7 In) R R B A AR R . T
e R AL ER WU AR ) o R i 2 e ] T
PG I PR G A AL 2 70 A, A A 255 BRI

W R A B A PR TR R E AR, IR g e
D2 42 4 R B 5 07 A R TR SR AL 5 AR Ok 1
BGCs; H 2wtk T A 2N KNG M

(Polyketide Synthase, PKS). NRPS Fl 4 JL 2 Al
%, P 5 2 U ER BIC Rk B AT A
Wg Y. KR E I TPMC & o, 75 98 e R K
im%‘\éﬁﬁiﬂ@An 864 1~ BGCs, HhZ—N
BB BGCs ™. XULLERULH, 55 =AY B 4
HEHT 0 B AR AN G B2 R, B IR AR SO BT B BGCs A
PHEAR U A i B 1) 2 2 5 [

2.4 RiRESTRERER

Wt B2 VR N ARG, AR ES T TE
hEM . FIRE, BATAT IS AR 2 4 A b R IR
M. PR3 A . BGCs B( M} 52 B B #2 4 %
Escherichia coli~ B%B}E. Bacillus. Pseudomonas %5
B A THBARESE S, Bl RERIE. BT
Al B . B TR R U R g A S
BINRETBOK "o Ak, Mk A48 X AL 1) T A2
AT R BT 4R B AS 3t JE . B R IR Pseudomonas
sp. TR FH g g o FH 71 I B P s 74 R 288 4 4
#J (Standard European Vector Architecture, SEVA)

RIVFOREAR . BT MRS Rat, KT

B Ik DR 0K RT3 A% JT A ARAL 3R AR B i v 1
HA B IR PR A 1 ¥ SRR,
Psychrobacter Pseudoalteromonas K1 Shewanella %5
T v BVE v T MV T AR AR BT ST A R U
FIERTF I, AR AT T [ D B 56 10E A1 4
Fg R AL T AP . gk Ah, B4R Halomonas
bluephagenesis 1 Methylomicrobium buryatense 33
AR s SR VR TR R, E A Dy Al A R A s I Ak
TR Ih G R, R E 67 ifiiE. BT
FAE R F AR (A B% 2 [0l SCE 2 7 41 (clustered
regularly interspaced short palindromic repeats,
CRISPR) T Hi& At A id A2 TAE LAk 4 it 7 82
%—%%— [71, 72]

HACHIRE, A0 BE— 5 T K E SRR
FhBhaE . A AR AR R A AR ) B R AR iR
#L, A5 & Pseudomonas Pseudoalteromonas
Actinomycetes M ERE DL S 58 = B R E I 32 B ik
G, Efg AR, XRREEFERER
SRV B AL iR 8 N A0 B S 52 5 A, AT B 47 M
MR %% TARIR A B BB E . KRR & R AIE
XIS R ks ™. TR EmE, B
W =F- 5 R R AT MAGs B 5 5838 A 1 R T ¥ )3 3
T AWE A, AFPIBP. JEEE. EPS MIHTA
P P 4 W] Y R O BB 2R UE, IR P KR
JEE AL TT R AE A o

PRI, B T A A A B AN = A 2 T 3

RS KRB, BES IS RS . AFP.
EPS. BGCs M 52 15 B 4 37 v Joft B ok s —
B bREALRAL, S iR, FhEZ . pH. 75?%@
FEAL 38 50 T BB M g = R HES) &
W) E R, /Iﬂ?i‘&iﬂ*%ﬁ%'ikﬁﬁﬁﬁ\ JE AR R A
ME . g, WA %% 2] (design-build-
test-learn, DBTL) “F&HIEELK ™. KA MM
TRARTE N B AR . T g 2 K B iR R 4
LG B IE B T2 5t B Sk, iR Y
BEUR A B L 1E M BEUE 2 I AE 1) B AR ) i i

3 WS IRIN 55 v AT S A >R

e b Aol 2649 B DR D L e 4% i 2L L AL A R
M SR B, xS, Bt SRRz



012 BRENE B XXE

B L AR R R R SO R, TR A B R TR
g, ABEBE. BEES . mELLL LR
BB P il T R S Ak (240 ™ R BE T Il T
b I P REAE < RHETBONT R v B A R 1) 7R
R, I FRGE R RIEFEX . PR
DX UL AR T /K A B S5 AR 7 55t DR B A AL
WEFER Ot 7 BLSE N F  5t. BE A B BT T
TR bR A B IZ 2D 5 7] Th RE A AT A0 T REAL T A, L
P B it I AR AT A2 90 S A B3R SRR B . ot
il 36 AN T XA A5 R 5K 75 R T R AT . R
A 3t ol A 0 8 U ) R A 5 AR i A6 58 26 40 27
FORIIEAR, T2 0 58 & il A2 W 2 AR R A= ) i i
1 B AL R

3.1 EETWIESEREF)E

28 A1 T oMb 2o 2 PG A 2 ) o) 2t £ e TR )
HHZ —. WERMINI. EWEME. £Y
W 1) MRS 0 A AL o R AT AR A A L ¥ AR
FEV TR, REVRIM FEB R, [ I A SR AN 1
PEAE R A R R G R AR R R AR . R
WA R T & M TRIE & B AT R
SRMEAL AR &, e 74 3 1R I RE 6 78 BRI 2 1
FRBR AT T, R R T R SR O 7

AT RE

M BB ) 7 SRR, Al BE YR I A A
IAEE TR BB A, AT HEDH T T2 Nm
BIRF RIR IR BN 348 . e R R H s 42
P3R4 B3 ¥ cellobiose 2-epimerase, W48 &7 H
N H - B R IR AT A A R 6 IE TR B A B
B AL R R R ) B e L TS O IR RO K R Bl
WO RSN T KB KR AR 5 e A A
Bl P BEIE A SR AL 1 ik o B R, IKIRIE
17 R RE R A I A DR AR TR, #
TEVERG RE S AE Tk BB AR, BT EE G
VAP A . T2 ERCE . AT REFEA 7 i B
IME SR R #AT LR AN . Kok, BEEHEAL
L R R AR A BRI K R, b ThRe
TOEE B — P RS T AR AL A A
Yol DA R FEIX T B 25 1 55, AR il
T PR HE BT BRI

TEBHNE, MRSTIFALRER T2
GrAl 3 o VI 1t I 1) 9 bR S TS 52 31 33K AR
FE A RS E R L 2R O AR AL AR 7 e ) 4 A
Ry B, ARRERDIAERKIAN, &R0 EE
RETEVF A7 586Uk, B A A 1 % U5 42 AN [|] T
Vi A ) SRR 5 R

R4 NI EWRIER A S BRI S S PR

Table 4 Application scenarios, maturity levels, and key challenges of polar biomanufacturing

%
IS 3 35 BRI o [ 5Kk PR L KBk ;;
fiRi AL PN Tl B AN T REFE , B A ) i T B 23 7o A 7 i A e PEAN [76]
Tk S MARAL L

HIREE KPR A R M PEARRE ARt T e RE XS iR B

S8 S IO AIE R 43 1 37 BT SR BT AN [77,

A R 78]

AR E TRA BRI TS R BT X R R SEI = IR AIE SRTMER  [79]
&AL
WIRMEIR A I MK ARG PHA 4 77 B AR Bt A AR IR K Y206 R IAIE TR A (78]
SFHAR L
YA iR VA {2 A TR A B B 98 i R A 2 X AR FH 838 36 A7 5% 36 iF miafaEds  [80]
WA

1 R InE AFP. {13 .BGCs.EPS AR EZG AR H A SEIG S IR o S TR AL [31,
= VR 81]

Cl14M PP e A A T ] R XUw H b Bk SR R B AIE AN 9236 32 B0 SRS [82]
il TRERCR

1 PHA, RAFNENFRER (polyhydroxyalkanoate) : AFP, #i#% & (antifreeze protein): BGCs, ‘EWJ& i HE K % (biosynthetic
gene clusters); EPS, Jfi#F £ Hi (exopolysaccharide); C1, —f (one-carbon) .
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3.2 EXWREESTRER

A5V PR AN T Y508 P4 R O b 2R ) B R
R HE LT RN T M2 — . FAbR A =1k
Ve s . RERMEAIE Y. E8E 0K
N EIE B A N R B AR A A, TG IR A B AT AT
S RARAL G A D B R AL AL B AR B %, B
AR, WA BRAEMAamE. 235
75 % (polycyclic aromatic hydrocarbons, PAHs) +
FrAMEA WLIE G2 %) (persistent organic pollutants,
POPs) K H ARG LG FMi6e 71, HAIATE i
IR IE RV G A ESEE 5 R A A
B YRR 7 ™ R A JLIKER E
JKH Thalassolituus oleivorans R6-15 72& & [E 1L # F}
2 RE IR I BT B R R, 1% B BRI
C12 - C36 flglliike, FFAEALAR S5 Bt & Sk & b
PR B E ], 3 R AR B R A R DR R
TRAREEEE KR E K™ . B4,
Micrococcus antarcticus HZ H1 Pseudarthrobacter
Spp. S5 MR Hb i ¥4 4 T e % e W Bt L 3 S BT AR
MK E G B A #EN, &Y XM EY 5
1B ZHRARE FEUR P s AR AR IR R I
%) SR PR 7K i T P R il S D RE T, 0 S HA X B0
K W R & — EE S (polyethylene terephthalate,
PET) &5 WM BB i A B AL R FH T8 70, NI
A T BRHS Jeva BRAR A T 0 K 1

W b i G v BRI R T E D REE R . RIS R
FUAGERE TRED IR A . &A= AR AW R T
VAV AR AT . AT R DA%
P K TG B Y R RV R A AT TS
el AE 5 . AR SCR IR B 16 B A Y.
R UEAR IR R E AR LW, W EE
(Arthrobacter) 75 FLIK B J& (Shewanella) &%
TEACCERAF TR S . Pl Al A, JFrE
FA FU AR B e e 0 I R TS s . L
FEACE Y HERIT 7032 — B 3R 0T, RIS 7E B AR AR IR A
Ber, @I A HE R A AT AT ST A e e
FREEMERE, R AR EERE TR,

X E, % X IAEIG B A R IR AR
TR SES . s R KR AE X . =ik
WXL ER T R XA R 2R A 5 X 357 T I I iR 2% A

TG G B R A R PN AR 2SR R R B K A )
R b b ke IR Th B A bR S L A AR A R, A
] B 5 i AR S R, oA FEX IS IR, 0
XAESBE. @ik TIRESI S ES RFE K
SR TR HARE %

Bri5 Geia B AN, BEURAE PR R H IR 02 58 X BR
REMMEZENE. —J7m, AR08 7R
RIBE MMEE AR AR, EE. B2
SEHRIRY A, RRWIEFY . &8N TR =
PRI IR A HLIE /K TR AL SR B fhe Ak T2 B s
—J7 1T, AR N S I 52 AR T AR IR AT )
B S8 [l WO ] AR B 334 55 R A S BT ) R
B B 7, i ¥ Acidithiobacillus ferrooxidans 1
WHFLE R, R BRI R PR PGOS A1 MC2.2 £
20°C A7 B I B SA AR M, FREET & a2 .
TRPUPE AR IR IE N AR G EE R 0 X UEH, 7EFER
SRR X, ARG AR HRCR S BRI 1A
R, AT REIE I R A kA B M AR A o 3R A
.

3.3 £WiagS5 C1EYHE

i bk 2 & B S 2 5t 7 b, i)
H AR A W R IR AT AR VR SR C 1 AR ) 3 S5 A b
RO B E R, (H R AR b T 9256 5 50 BN
RIUER B TR E S, X ) ) 2
BUAAE T I R AP s % 4%, EAE TR
ZElERT XS EeF R, BV REUE “XUR”
ER NN T3 A PRI

EAYG G T, MR IRk A A B . T
& ) 0 B B AR OGN 2 AL, AR AT AN
FE X R M L HEZK IR B AL TR B il &% B
St g mimm A b, AR B A R, I
Bt N A, TR XSS X A
TEE R AR 3. SR, H AT 2 B0 A R T
PRI E T 52 ALl A8 B R S 06 =5 2 A 6 AE, BE E
BT YRR T LRENAIE RIS ™.

FE C1AEY G T T, e A — S A Bk 55— ik
BE R A AR B 2 A B A A e R R AL TR T
BE o T4 YA 7= H Jot B A HR e S804k T A 9% A1 FH CH,,
FICO, &M PHA. HAUMEE [ (SCP) /=4 .
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#il oo, EOH H Lt A B Methylomicrobium
buryatense SGB1 {£ fm % FERF 7746 AF FSEHL 1214 g/L
AT E AT 1056 mg/L AR R 7. A BB
SAIE FEATS A B b AR AR WL ] A AT R S 56 = 56 Ik
SR, HHS5FEXBEIEA M =R R AL
T AR R FE A 22 B 2 18] B BRI OGRS
{BLAS AR D A s A= 47 ) 3 ) B 22 0 W6 A 45 77 1) R
ESER

3.4 BERUISSHMINEEM™ R

W BRI o — REERN Y &=, RS A
FEARN A 1y B AOE = W F . T e R R 3R B b
J7 RN KA AR . P L. R A
PEARA 5 5 746 1), A% e A ) RE R A A= B
HFIAEARIR 2 P ARG M TP U AL R IE )
BRI, BRSO BT % SRR K e
T H B B3R I s S8R A X, R B 25 5 T2 %
MR B Ty e e UE B R 7R Y 5 R 5%
AR b AT ¥4 AR ) AR B R AR UG IR FE T 4E RR R AR
ME BT RE, i ZE ALV AR AL 3T I B e N
i U B M Pseudomonas W FC W N, 25 Bk B
FIAE 4-30°CHE A, FB 20 A1 ik B8 7E AR IR T V8 A 19 1
=G PRI AR . BRE R A EAL A, FEH
ZIE R B MTEME, NEE14+1°C
FUF TR KR ERIN . XREG R NITKIE
X A= P RERLFI A= P87 v TR AL T AT £ S i 2

A o B IDAE 7= i 77 TR, AR B AR ) R AR
). 3. AFP. PUFAs. i {L¥H EPS A A
R 71 . AFP MUK 25 & 8 A T4 R £
M ORAF AR IR AR AP AL B8 3y KA Rk, 2
R M AR T 7> T AT IR ST KRR LR L DGR
R H 5 s R M L B RN R T SR R I
BGCs WA« Pols A S A0 3 1 4 o £ AL
A e ) B R e ) o [ S AR VA
Y. EVEY . DhRe M RS H ALk
AR, (5 RSk RS ) B AR R T
M B o AR R N A Hb B R 5 O R EEPEA
PR, FIRRIE. L2 ENR =BG R
ghaitok, AR DY RE 7> T Mk BT B D BEN
AL AE . AT T A A A T R R 5%

SR, A B R LA B IS 7 A A
ARG VAN AN i Ji PP AR AT S5 VR4 0 BA
o TR A, BRI T A BRI R R AL
W, (IR 5 IR A ) R AR E R R A R
AT REHRIH FE 2> T REAL H s AFP SF T HEHE (1 i
[ AN CUR A Y 7 N T S v 3 A s -
R TCBR R IE LD R R BLAL, I BN 58 28 5F AT
PR T REOR B 7T, B At B AR AN ) 2 37
P SE bR SR

SRRE b A ) B N A (B 4
BRI E . TR UEYE A [ R R AT 4R 5
fitie b, (RIE TR, RXAEER L LG
FEAOY O B A B W 1 1) 3 5 7 SR AN D BE I 2 At
e 1 W A T RESE L AR AL T IR T AEA
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