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Research Progress on the Enhancement of the Production of Polyunsaturated

Fatty Acids in Microorganisms

ZHANG Qi, LI Lingyan, ZHAO Ruli, WEI Yunlin, LIN Lianbing, JI Xiuling
(College of Life Science and Technology, Kunming University of Science and Technology, Kunming 650500,
China)

Abstract: Polyunsaturated fatty acids (PUFAs),as functional oil components,have been widely
used in food industry. The PUFAs produced from plants, mammals and deep-sea fish is inadequate
for supplying the expanding market demands,and the content of vegetable and animal oils, types and
proportion of unsaturated fatty acids in these oils also show limitations for further application.
Microorganisms, especially algae and fungi,have been recognized as promising sources that can
synthesize the entire range of PUFAs,and can be used as valuable alternative sources for PUFAs
production on an industrial scale. This paper reviews the progress in the research of enhancement of
polyunsaturated fatty acid production,based on the related research in culture condition,strain
screening, gene engineering and metabolic regulation, providing theoretical and applicable references
for relative domestic and international research.
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Z AN FNE R (polyunsaturated fatty acids,
PUFAs) J& 48 & A WA~ 30m A~ DL EOSUsE H i i K
18~22 Mt B ELEE NG TR . PUFAs ARG 4544 53
NPIRAE —J R n-3PUFAs, + B AFR a—IF KR
(a—Linolenic acid,ALA,C18:3 n-3) .+ iK% i ks iR
(Eicosapentaenoic acid,EPA,C20:5n-3) 1 — - —fix
NHER  (Docosahexaenoic acid, DHA ,C22:6n-3); 75
— 25 & n-6PUFAs, £ 240 35 W7 fig (Linoleic acid,
LA,C18:2n-6) y—I J]RER (y-Linolenic acid,GLA,
C18:3 n—-6) FIALAIUJi R (Arachidonic acid,AA,
C20:4 n-3)%", PUFAs Y-8 1= DL FTRR 5 R (40
IR R ) VE R R Y , il i — £ 51 I S (desaturase)
FIE K il (elongase ) [ 4 ALAE HE B PUFAs 7
FE A s v AR AR Wl 25 R0 R DR e KAkt
m ST Tz A2 B O AN P BE S R W, PUFAs
Xof AL AR B S8 2% A R il 5 R 2 R A TR R A RE O
AR A I Bl T 6 T Y T ELRE N ZRAR 2 0 H A
IR FAITAE ], — B = 2 g LA A4 31
B AN I R 2 FF PUFAs I H] 0 I 9
WA EE VT RRE B2 R E BN PR A 22 R R
R YT,

it E ANTEUAEY) | —SC 0 7L 3h ) St v fa i ol
BRI, R IO VE AL 27 15 50 1k A2 7 PUFAs 1Y 7™ i
i eIk i SIS A E YR 2 UL 5
B, T PUFAs JMURF 9 D200, Home ok i ok B 22 |
WA BB A ) AR T K,
I, SR AR AR W B R DL R AL A B Y AR
FrAR C A I A N BB ER TR, PUFAs 7776 T
YA Py b B A R YRR A — S LR
M h & &, 2 LIAF il F g 098 X ff
e, AR BEEIAVEH AR LR, R EL
ELA I RE 7 v s B 4 s B A AR R
(7 I AR R R L B T AR R I R IR
5% [ [ 5 n PR R IR SE 56 % (NREL) B9 i 45 4 1] 95
HE TCAE Wt i T T BB S A ) S A 7 R A )
U Yy ) i B AR R S8 E N H ARG
YA R it BT T O A AR ) PURAs 1T LR 73 2%
SE L BURBIH Y T (4 PUFAs, ) WA T 005,
124 ENAME A YA 7 PUFAs J7 2 A K
AIBIFFE 4l V& e 2R 97 PUFAs B4 T
BT B

I it e URAs

AR5 L PUFAs RIS I8 2 FAHOC B IR 461
Ak, A W A SRR 38 B 20 R Y AR Ak S AR ek
AR DTS W) B AR 19 7 dk & PUF As 1 2H 80T 252
VFZ AR R E R IE RE GE AR O SR
¥ \pH R JE S NaCl %555 35 55 A 19 22 A ] LA B 2 5
Wi G2 M0 AAR 9 PUFAs 1945 ORI 2R34T Peng 4518
38 1 7F = LBk 8 (Mortierella alpina)ME-1 & P55
FEEPRINIE X%, F AA &5 E 28.9%, De
Oliveira Carvalho 58 & B IR AT UF PUFAs 19
R, K EBREE (Mucor sp. )LB-54 115 75 B M
28 CRE Ry 12 CHF ,GLA (4 7 & A 15% 3% i
24% , AEFE P AE S0 % 30 o X FR 43 7 I EL TR A AT
WARAT UGS IR | /D L0 SO 5 R | i Gk B 5
1) 55 TR 200 T b 26 i 1 5 i fROG B B R R Y 2.1
15 ARSI T AR T AA G R, AR X EPA
MIFLEA M, Muhid SFVFGE &L, Me? Fe  Zn* X}
/NSRRI A (Cunninghamella sp.)2A1 i1 L2532
Wi B, L Zn B IR AL GLA HY 35 H3m T
T4% o | FH PR3 55 A 72 Ak % 4 e P e far L3 Ji g X
R A RS S K DAk R B T2 AT A
PR 1) B it 77240, i — 204 5 PUFAs 7 5,

=n L

T AR [ P AR SE N B — TR R R A AR
B AR X 4 77 PUFAs B bR AT oo | E— 28
$Em PUFAs & i, B S5 R MR AR
HRBRHEAT I E , IRAT T 5 7 B AL 8E A20, HAEY)
BN L HERIER T 25.5%,GLA P8 i & ik
25 T 81%., W SR S AN (NTG) F14k4h
DO = (Schizochytrium sp.)CCTCC
M209059) AT AL, 7L kK Schizochytrium sp.
HX-308M H17= Z, BE4di il A 1 NADPH (%) il 1% 71 4%
B, AU S BRAEEE A A NADPH & i 35 8 i
DHA & & HC P A= B TR AR $ 155 T 38.88% 2% i 14 41
I 5 AR 175 A8 25 45 0 7K S R B I 07 346 149 7 1%, 3K
15— AR, H GLA S & &SiReE T
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276.5%, 7T 4 FE LR HIRG 75 A8 I 45 45 L B K
PRAEAT AL, AT — PRIR B WA 3 R AL bk, H
AA R ISR X T bR o 318 1%, MAALH
Foft 5 AR n] LAAS 2 22 B 00 B 5% 728 7R FUBT 1A it 2 [N
KA, (HEVEZFMBAE—ENE B ERMEEIL
P Je— A 2 EB A, eSS BRR rh AR
T R B S 8 A P Al LA B0k T % 3 1915
ARTT W R Je— R TR B S AT B B 38 7 1%

T2 W T A 77 PUFAs 1 Bl s 2 X & 7 T bk
P T PRIE | T L TR R & TR A1, Sl A
D T2 T B hn 4 B PUF As 45 80 5 il 222 ) A 4%
DUk B w5 A o A 7= i 0 B LR R AR &
B PUFAs (IRE S, BRI, BFSE A B2 B R 2 A 22 Fif
i RBW ARG, N HJE IR TR E oy i oF
FEBEE T IR S A Sakuradani FF'ME alpine 1=
LUk 618 1S—4A—Jii 15 2 Jod S0 gk DR A o 1Lk A 5
AP Ji T 156 Ut ke o BB S AR B JT-180 it ik,
AA PR R IR T RR B2 66.7% , Takeno S50 = 111
BB 1S-4 th GLELO 3£ (415 5 105 R 4E K il
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B T3 35 PUFAs & SR 5 3K 41, AT 3 o
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MR JEE B BE AL, 7 A R R I PUFAs, 22
GEUSME v L TR R A I TR I S I B PR A B R
FEREEAT 63k SE N TR P e RE b GLA % &5 Rl
TR 1Y 16.26% . Chuang 55Vl 20 4 =y 111 4 1 85 1
AS—FT AR i s 1 6 it 3 PN A Ak i i IS B T )
(Yarrowia lipolytica) ' 323k | 5 FE N @R th = A2 T
B PUFAs—GLA , (' BUIR TR 1Y) 20% , X1 £ B 25120
B g f s WIS 8 Bk A9 AT B 8 e 40l 2 [
AL EE IR ERE GS115, 43 BT A, AS- ik s i Jid it
AR I A B AA L B AR T EF R =
W v L B A AR I R G Al TR Ak T
FE—— 2T &SRR R AT R 36 WK1 ™ GLA M40
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A A B PUFAs 45 BB AR JE T A 9L
AP ERERATRSE S T 58 AN B T PUFAs &
AR LR 5 T A TA AL

=
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4 RS st @m

40 PUFAs 195 A5 18 U7 19 Jid 40 1l &=
A, &5 1R TR & A T R Y O B 5 D) A
KA PUFAs AE WG ARG A 42 S G SR 1) T 5 S
TEIR R TR A5 0 T8 . AR DR 5 ke
H T L BE-CoA , #7 BE R 2L/ i (ATP—citrate lyase,
ACL) . L Bt%tmE A FR1LEE (acetyl-CoA carboxylase,
ACC) FISESRFR T (malic enzyme, ME) 2 )5 3l Ig i
TR & LR 3 A CHEEE, IR D R & AT B &
fE—CoA ik )5 J) NADPH , {2 i fis B2, 17 £
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60% . BIFFEAEIE Ao 1] B 77 55 b B by A5 IR 1 25
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12.2 o/L, tE X FEAR 55 T 35.41% ., Zhang %520 5 4
F5F (Mucor circinelloides )CBS108.16 Fl = L #% /1 2
A Peyron CBS696.70 (1 3 ¢ 2 fifg 1 P 43 51 ‘5 A
SRR GG B RTB hid %k, 4R E8R
GLA By & & ]\ 23.2% Jp Jil #2 = 2 T 26.1% F0
30.1% ., Ruenwai S5 & [K B (Mucor rouxii ) H 5
AT ACCL1 A, S ARAEM NG Hansenula
polymopha "1t 3k | G o BHE 5 T 40%. # F
S8 ok i R AR IR R B, 1 £ A
PUFAs & it JF R4k, X 7T BE 5 A 6] ) A ) R 058 vh
S SR TR it e R A A AN ) ) T 35 P B A5G AL R 4
B A I — B RABEIE
L

|5 /= =

AR RV Z WF R B 240 | B A AR ) il
ok 240 L PR S0 ) 14 15 5 S A ke IR R IR AR S o —
RN BAEACRAAE o SR R AFEPSV BT 1 T R R R
N3 F A EEXS L. starkeyi 77 M BE JI I RE I, 25 3R
B RS SR LS N B L. starkeyi B9 AE W& 77 i
I Sk Y IS A 258 AR BCHR WY 3G 0, 4 e A T I
], HASH Kimura 55258 o8 %F 22 8 ARk B 43 %5
L. starkeyi 7= 1M BE J1 09 52 W bIF 58 2 BH |, 11 2 i LA S0
B MRS REAE A Wit IR A R R = 10%~
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