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Effects of polyunsaturated fatty acids on the cold adaptation of microoganisms
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Abstract: Over 75% of the Earth’s biosphere experiences temperatures of less than 5 ‘C throughout the year, where
various low-temperature adapted microorganisms inhabit. Due to long-term natural selection, these microorganisms
have evolved some adaptive mechanisms at cellular and molecular levels to adapt to their living environments. One
of the mechanisms is to increase polyunsaturated fatty acid content of membrane lipids to maintain optimum
membrane fluidity at low temperatures. Based on the effects of polyunsaturated fatty acid biosynthesis on microbial
growth, the membrane fluidity and composition and expression levels of membrane proteins, this paper discusses
the contribution of polyunsaturated fatty acids to the cold adaptation of microorganisms and summarize the research
progress in the regulatory mechanisms of polyunsaturated fatty acid biosynthesis at low temperatures, providing a
reference for relevant fundamental and application research in this field.

Key words: plyunsaturated fatty acids; cold adaptation; membrane proteins; microorganisms; regulatory

mechanisms

Bk R 75% LLERIASEIREH AR TS °C
(LTS NI INERITE SIS PR R L30 :  ay VLY SN
FHREIWEY . Faflivh, HiER EZ) 60%~ 90%
WA TR A S, S E b 2 F
B IE 2 SR P ER =51 ~b R A = R i
BRI IX AR S A AR ) B0 2 i e R A AR AR T
S, TE R 2 MR R AN T RE, s IR
WL HEPRI IR | AR L B AR K
IR, VRN IXLEA BT 1 3 BRI, EE A T
A RIIE P S A ) AR B A 2 7 2 S AT L

R IE DAL, R PR I8 It 1 1 52 Wi/ 31 S I
FEo IRt as Rigzs, AREM S I E YT
J T SRS I A, 20 e A0 N YRS K K
BORE, FEARMEIRIETE, 5 LR R 2 15 40 i

Wis HER: 2011-08-08; f&[EIHHER: 2011-11-08
E&WE: EHZEASRREREDH (30960079, 311600-
16); = P8 N LRI 7T 5 42 00 H (KKSA201126005)
*BIE1E#&: E-mail: homework18@126.com; Tel:
0871-5920148



55130 5k

By, SF: AWM RN Tl A WAL N P R

59

FEARMACHIE S, F0H] DNA FII RNA S5 450 (1 1%
J8E, DA 1 4 5 RS 1) 4 s o A R M 1 U 3 e
A [2-3]

Z AR g IR (polyunsaturated fatty acids, PU-
FAs) s 45 5 A WA B AN BL B XUEE. il Jsl 1 50k
18~22 I FLEEAR TR, W] LA) A n-6 F n-3 PR R 41
PUFAs | ZA-E T # A, (HAEA R A i
MRS AP, —RYWESERY], PUFAs
BAWAT AR AR B A2 . Mg di . (2t
MO A 7 oo i I A0 A R T R PR A T
JSC A T NS DR 3R IA SR 22 E B A P S T
B O R Rk A P A R EE T AT
PUFAs i3 3K . VFZHWFITRM], 10 40 M5 5 R 1)
UL K 7, PUFAs XA IS5 8. st 48
AR, 5SS Wiskn . BaCi. ekl
DA S B R /NS g TR 2 S VR T

1 WMEME NOMBEREREEYE K

h T IENA R A, ASFE AT A AN F
PUFAs AEW)& bL], e384 N IR S
A, PUFAs [P e A 18 i R AR 7 1R -
IR (stearic acid, STA, C18:0) JFUh). MHRIRAE

AN [) I 15 R Jlid &8s (fatty acid desaturease) Fl 4% K- fif
(elongase) A& 5 4k 1, i i I iy e 11%) e S PN e G
SN A AR DU (arachidonic acid, AA, C20:4n-3).
“ Wk HI% % (eicosapentaenoic acid, EPA, C20:5n-3)
=~ B /NHE (docosahexaenoic acid, DHA, C22:
6n-3) 55K AE 2 AN R, T E3HER LA (linoleic
acid, C18:2n-6) /& n-6 I n-3 £ 41 PUFAs )3t [/ 5 44,
DAL, A= i M TR I 0 I 14 16 3 R (oleic acid, OA,
Cl18:1n-3) & % LA JE K55 H A% AW v PUFAs & il
B0 IR (B DY — S 1 R b R AR A
PUFAs ( £ %22 EPA #1 DHA, A Z304. Y.
LA I 40 B4 R R LI C18 [¥) PUFAs), {HIL A ik
IR A AN R I N D e o S AT AL, T
H — Fh AL T 2 Wi & I (polyketide synthase, PKS)
(VI R A A 1, IRl AN S A LA
AREME, —SREEZEY DR PKS R4
£ DHA (B D™, i 526 5 40 5 b 2077 76 R A%
AWy AH R ) PUFAs 4 0@ 45, HIX 26305 41 157 v H
;=4 18 Wk ) PUFAs, AU R i ik (1 4 4, X 0] g
IV 20 B8 1) 45 A0 R B AR 2H R S5 R AR Aol o 1Y, A
W EANPRZH R COEERN, KERAHGT
PUFAs [F6 a8, 32 mr 7 1A 0 R ARt i S %

18:0
stearic
‘ A9
18:1 n-9
oleic
‘ Al12
20:2 n-6 clo 18:2 n-6 Al5 18:3 n-3 elo 20:5 n-3
w6-eicosadienoic linoleic a-linolenic m3-eicosatrienoic
‘ A6 ‘ A6
A8 18:3 n-6 AlS 18:4 n-3
v-linolenic stearidonic A8
elo elo
20:3 n-6 Al7 20:4 n-3
dihomo-y-linolenic eicosapentaenoic
A5 A5
20:4 n-6 AlT 20:5n-3
arachidonic eicosapentaenoic //
1 elo //
elo
22:5n-6 A e 2:503 Ao 22603
w6-docosapentaenoic adrenic m3-docosapentaenoic docosahexaenoic

Bl REEZENS TIEMEHERNEDE K



60 1t

R 244

2 ZAAFNRE RS X WA KR E KBS

Wada 2 "l AR 57k, AEIEAN A (Syne-
chocystis PCC 6803)A"™- JI [y R it Ul 20, 3584l
{5 F PUFAs ()6 152 2140461, 0038 T 40 i s gk
MR R, AF 40 M AE 22 CHE TR AEK W] W rg . i
ATHE— 25 H W 0B 1 A= i 05 18 2 I 2 (A desA
TN FE UK ) W 40 1R Anacystis nidulans W IEAT %
ik, 455 A nidulans T LA S W0, X5 C
R P PTPE I R 1, Weinstein 25 U i 5T 1,
I 35 7 4 va — 8 AT B PR A B PUFAS (1)1
5, I HAE KA fl 8 (Mortierella elongata) Y ik
FEAE T OETH A )\ VUG (steridonic acid, SDA, C18:
4n-3), IXMRITE LA AR T 9EA M AR ) L S
A MR At SE VA U PR IR B I AR ) R i A T
W FTR M, 15 CHFEM % (Rhizopus sp.) R31.6,
A BN PUFAs, Rl v- SRR (y-linolenic
acid, GLA, C18-3n-6) &5 & W] o . A LI = A
W) TAFR B, =il 2R B R s A%y (Morti-
erella isabellina) It 4l Jfo i v PUFAs [ & &, BE&
B SR PR T 1G5 38 0 RNAG J7 V290 il B bk
PUFAs & 1, S ERMRAEGR AT (15 C) E
KA R g . XL, B4 hngn ik PUFAs
A A B T4 v R AR B AR RS N e g, R
PUFAs {EAIRHR A% T BE U 15 40 M S i 20 1 sl A
TGS, O AEFRR AN M IR IE B T RE LA S 4 i iR I A
Kot 2 ZAEH

3 ZAEINIERAER A AR AR IR R S 1 R RN

20 M IR B AR (0 A8 Rl RS PR PSRN 1
Jor IS, SRR AL . Al
[ R AR A 5 A M A 2 R S, LB
TGN AT BEAN AR A A7 T AL T 1K) e 2 4
W B AR AR SRS AR )
KV, VA R Al AR N
PSSy IR RN R AL, IRk B A
TRARI, I s AR A 22 R M AR R PR R s P, i
LI 00 L5 JEE I m B PR A SR AN 2 BAT 0%, Lt
PRI PR GE RO RE . IR R A ke« EAN e XA iy
M LU A R IR 0 R T R 5 6 1) IR sl (g — B A
{10 A= 0 0 B2 S DR Bl 2 R PP A AT 5 AN AT
TR (-7, ARIR AR T 2 B0 A A o i oA
240 0 I I P R 2L S A A A R I ) i 3 1
B W DL P 2 e B v 0 A R O R M I R R

I T R U7 R JES A R HE A A T, A AR 1D I D T
LN RO, G v I TR (R AN T R B2, AT
BEAR I 0 XX 43 1 25 v it R s 1R 5 AN b R I D7
I ELA, AT A s e B AIG, 3 S0l B ) i Bl
PESR R, AEAE MR B v B 2 AF R WA o XAt
oSO B IR A R g AN R T I TR B A9 ok 4 R O
2 W09 ) B Rl VAR /e 7 NS Bl X ) A
(homeoviscous adaptation)"*"!, R Z W5 £ W], 1
—E BRI P AOSUE R P, 358 I T v I
BE OOV £ H 0 PUFAs 7 5, 0 4 5 40 i i 1
AR A F T 41 B Py e 3 B ) e,

4  ZAIAFNAERAEL XA AR R E B RSN
E R AR LS 1 5 — S R sy, AN o

FEY) TS (55 H 3 AU S e 85T
HATEZRE, i FLR R 11 -5 5 (0 AR A x4

MO R P &6 ) RN 1y e A EE B VR . 40 i
N 2 8 e 3ok 246 5 B 1R A 5 0 R 1 S DR A
5 B, LA M o S [ X sl A 2 1 AL Rk
KA ik AT e 5 IR th PUFAs 14 Fl 43 A
I, B A IR PR 38 v B R
5B I AH LA E AT BY T B0y 1 2 RS E , i
XA BA 52 0 R PR 30 P N T 7 1 A1k
AP B, Kawamoto 45 P2 3@ 1o [ Y5 4 )
07 5 K 33 WV 20 B Shewanella livingstonensis Ac10
[f) EPA il 2R SEARRK, ik — 2D AR K SRR I T &5
REW], EPA Gtz T ERARGE A K B BB, ([
Mol 5G5S, WIS 4R 4
P MR 5 R RN D B AR AH OC 1) — S8l 1 Rk KT
& AT FREARS, LA TR AR 23 B 1 PR R W S
SE A B MRAR L 2R K. BB AR, S, livingstonensis Ac10
JEAG P Z EPA W] BEIE 50— Le s 4TS K
WASENE B AT R SRR AL

5 ZARIEFBEAERS AAYKE ETIHLE

I 252 A0 SRR T B IS 5 RIS = 1n)
PN A% 366 AR T WS A DG 3 AT ) 36 2k ok B i i A
PUFAs I & DUid AR A5G, A3 90X 7 18 IR AL
T 5 I FU 3 (PR G PR T 40 1R 1 845 AL
TRIAFDO AT, DRI, AT T BRI S U — Lk
J#& . Suzuki 25 B FIF5E R, W41 1H (Synechocystis
PCC 6803) " A7 75— B IS HE 55 1) 26 52 2 11 Vil
JL BT SN Y AL AL S S RS

(two-component signal transduction system)-Hik33/



55130

5B, SR 2 ANHURIE S RO I A A 3 A (D 5 61

Rerl ZZGK AT A™- g 115 R M S085 (desB) JEA 1)
Kk (K 2), #EBEAEH T a- KR (a-linolenic
acid, ALA, C18-3n-3) &, 2 B MR KI5 11038
Nk, B2 A Hik33 B LSS . —
AN N Ui A5 5 U S5 A S5CF1 — A C s B D e s 21
o 76 ATP AFAEIT, 40 B v 4t i S 20 2k (1) Bk ]
A Ry I IR (A A 5 W i 2 2 1 O Hik33,
¥ IL O BB A TS, WO S 1) Hik33 #E—20
VIR B AT i Hik 19 A% 34 25 [ B 1 775 85 [ Rerl,
HE— DAl Rerl BERAL, J5HAE N FH
P25 A- IR EE R W RIE, 85 T ALA
G . KU, Hik33 1 Hik19 AR A i 5 BN 2% .
SR, HE— P 9Y k BE, Hik33/Rerl R4 AL
— MG DR (PR 5 3 A AT O, R0 T At T 17 1% Mot
SNSRI AR S, X AT e LA TR D R 1
Pt i DS U 4 A7 A0 AN [R) 1R 0L 5 N 2 R T RS A
5 B BRI R G IE A B 2 A R DesK-
DesR R 48 " FI KT B CpxA-CpxR 240 %7, H
AT X G R G 14D N I 1 0 S SR e R T Dy
PR AE R IR 5N — S

WA T T RG) AT T UL L% R
Y, WO AME 5 R C A0 ) BRI
ZAE N IS AN P PUFAs 15 sz 2L, (HARAS
I 2 LA ™= PUFAs 40 B A ELAZ A2, e il 2 1%
SRR R A 5 T R GR A Y,
A0S FE A A I R 5 TG v g 7 PR 2

desB desD crh desA

2 EAEPREESESRETER

6 SERE

ELFRAE AT N IR AR 40 A o AR T o 38 ) 1 25 A
TGN ISR R A%, W5 B A I 4 R RO A R PR AR AL LA
JAES T oK Y B2 Pl B HLI S5 AN 388 (1) 43 4
vl DUE A 40 T ) 2 R A
PUFAs il 52 mif A=A K gl BRI sh It & 41
BB 1 R AL SR T 7K S B8 6] A A i I AT il B 5
HATEEThAE. PUFAs 5502 MR N ML )
KA RGO AR, HSk kRS, H
AT UAE DB LRI G B P AIE SO0 AL e 5 RGAEAN
TN AR RO I o 22 9 Y ) AR RS Y,
o B 0 A S JEE I TP PUFASs (92546, 425 T B AR X
(G IRET PRGN o AR, IX 20 B HH A A i )
WOt 51k PUFAs & BARE 1L 015 5 R 1)
S FAEAR, WA IR Z N5
RGP IR, Bk, XU e (5 5 %
SRR P, T H H ar S R Rl
B S B e e SR O ) 1 A A DA% S R
WH A SRR RIE MBS A, R
RIS AL SUZ A R B, B ATAEZRAL
T R G S SL AT L T, H RIS AR
RIWARIE . BEE S FAEVF R R RE, R R
B E AR IS G L R A 2. B2 AR (A
ST T KA B TR X S ), R AR IR
HIREE A T PUFAs A5 B IR 1 15 AL B 3L 5 A=
PRI TS N DGR R 2 B AR Fh PUFAs
) EEA =, Bk, T fi# PUFAs & BT 5 AL
AT B R ARG A R, ik — B IR
Tl A Y B9 5 i o

(& % 3 @]

[1] Lauro FM, McDougald D, Williams TJ, et al. A tale of two
lifestyles: the genomic basis of trophic strategy in bacteria.
Proc Natl Acad Sci USA, 2009, 106(37): 15527-33

[2] Ting L, Williams TJ, Cowley MJ, et al. Cold adaptation
in the marine bacterium, Sphingopyxis alaskensis, assessed
using quantitative proteomics. Environ Microbiol, 2010,
12(10): 2658-76

[3] Kawamoto J, Kurihara T, Kitagawa M, et al. Proteomic
studies of an Antarctic cold-adapted bacterium, Shewanella
livingstonensis Ac10, for global identification of cold-
inducible proteins. Extremophiles, 2007, 11(6): 819-26

[4] Gill I, Valivety R. Polyunsaturated fatty acids, part I:
occurrence, biological activities and applications. Trends
Biotechnol, 1997, 15(10): 401-9

(51 EWA, Tfh, T3, 55 w2 AR AP e
PIFFCIE . 45 5 4 1R, 2008, 25(12): 13-6



62

24

(9]

(10]

[15]

[16]

[17]

Bureau DP, Hua K, Harris AM, et al. The effect of dietary
lipid and long-chain n-3 PUFA levels on growth,energy
utilization, carcass quality, and immune function of
rainbow trout, Oncorhynchus mykiss. J World Aquacult
Soc, 2008, 39(1): 1-21

Muphy DJ, Piffaneth P. Fatty acid desaturase: structure
mechanism and regulation[M]//Harwood JL. Plant lipid
biosynthesis: recent advances of agricultural importance.
Cambridge: Cambridge University Press, 1998: 95-130
Vigh L, Maresca B, Harwood JL, et al. Does the mem-
brane’s physical state control the expression of heat shock
and other genes? Trends Biochem Sci, 1998, 23(10): 369-
74

Pereira SL, Leonard AE, Mukerji P, et al. Recent advances
in the study of fatty acid desaturases from animals and
lower eukaryotes. PLEFA, 2003, 68(2): 97-106

Metz JG, Roessler P, Facciotti D, et al. Production of
polyunsaturated fatty acids by polyketide synthases in
both prokaryotes and eukaryotes. Science, 2001, 293
(5528):290-3

Harwood JL. Recent advances in the biosynthesis of plant
fatty acids. Biochim Biophys Acta, 1996, 1301(1-2): 7-56
Wada H, Murata N. Synechocystis PCC6803 mutants
defective in desaturation of fatty acids. Plant Cell Physiol,
1989, 30(7): 971-8

Wada H, Gombos Z, Murata N, et al. Enhancement of
chilling tolerance of a cyanobacterium by genetic manipula-
tion of fatty acid desaturation. Nature, 1990, 347(6289):
200-3

Weinstein RN, Montiel PO, Johnstone K, et al. Influence
of growth temperature on lipid and solubale carbohydrate
synthesis by fungi isolated from fellfield soil in the
maritime Antarctic. Mycologia, 2000, 92(2): 222-9

Wlidr, Ko7 B, 2 Inah, S5, 30005850 TR IR D7 12 1 23 1)
S, A ARk, 2005, 25(2): 1-3

Chintalapati S, Kiran MD, Shivaji S, et al. Role of
membrane lipid fatty acids in cold adaptation. Cell Mol
Biol, 2004, 50(5): 631-42

Beney L, Gervais P. Influence of the fluidity of the

[19]

(22]

(23]

(24]

(25]

[26]

(27]

membrane on the response of microorganisms to environ-
mental stresses. Appl Microbiol Biotechnol, 2000, 57(1-
2): 34-42

Sinensky M. Homeoviscous adaptation, a homeostatic
process that regulates the viscosity of membrane lipids in
Escherichia coli. Proc Natl Acad Sci USA, 1974, 71(2):
522-5

Hamamoto T, Takata N, Kudo T, et al. Effect of tempera-
ture and growth phase on fatty acid composition of the
psychrophilic Vibrio sp. strain no. 5710. FEMS Microbiol
Lett, 1994, 119(1-2): 77-82

Lee AG. How lipids and proteins interact in a membrane:
a molecular approach. Mol Biosyst, 2005, 1(3): 203-12
van Dooremalen C, Ellers J. A moderate change in
temperature induces changes in fatty acid composition of
storage and membrane lipids in a soil arthropod. J Insect
Physiol. 2010, 56(2): 178-84

Kawamoto J, Kurihara T, Yamamoto K, et al. Eicosapen-
taenoic acid plays a beneficial role in membrane organiza-
tion and cell division of a cold-adapted bacterium,
Shewanella livingstonensis Ac10. J Bacteriol. 2009,
191(2): 632-40

Suzuki I, Los DA, Kanesaki Y, et al. The pathway for
perception and transduction of low-temperature signals in
Synechocystis. EMBO J, 2000, 19(6): 1327-34

Suzuki I, Kanasaki Y, Mikami K, et al. Cold-regulated
genes under the control of cold sensor hik33 in Syne-
chocystis. Mol Microbiol, 2001, 40(1): 235-45

Browse J, Xin Z. Temperature sensing and cold acclima-
tion. Curr Opin Plant Biol, 2001(4): 241-6

Aguilar PS, Hernandez-Arriaga AM, Cybulski LE, et al.
Molecular basis of thermosensing: a two-competent signal
transduction thermometer in Bacillus subtilis. EMBO J,
2001, 20(7): 1681-91

Los DA, Suzuki I, Zinchenko VV, et al. Stress responses
in Synechocystis: regulated genes and regulatory systems
[M]//Herrero A, Flores E. The cyanobacteria: molecular
biology, genetics and evolution. Wymondham: Horizon
ScientiWc Press, 2008: 117-58



