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Engineering the yeast Yarrowia lipolytica to synthesize
very-long-chain fatty acids and the effects of temperature on
fatty acids synthesis
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Abstract: [Background] The yeast Yarrowia lipolytica is an oleaginous microorganism and can produce
long-chain fatty acids and oils with high cell contents. However, the synthesis of very-long-chain fatty
acids by this yeast remains to be investigated. [Objective] To engineer Y. lipolytica to synthesize
very-long-chain fatty acids with high values and evaluate the influences of temperature on biomass, oil
production, and fatty acids compositions. [Methods] The fatty acids elongation enzyme genes AtFAEL in
Arabidopsis thaliana, BtFAE1l in Brassica tournefortii and CgKCS in Cardamine graeca were
codon-optimized according to the frequency of codon usage in Y. lipolytica. The plasmids
PYLEX1-AtFAEL, pYLEX1-BtFAELl, pYLEX1-CgKCS and pYLEX1-AtFAE1-BtFAE1-CgKCS were
constructed and used to transform the host strain Y. lipolytica Polg, generating the yeast strains
Polg-AtFAE1l, Polg-BtFAEL, Polg-CgKCS and Polg-AtFAE1-BtFAE1-CgKCS. Furthermore, the
DGAT1 gene encoding diacylglycerol acyltransferase was overexpressed in the strain Polg-CgKCS to
improve oil production. [Results] The results showed that the overexpression of AtFAE1, BtFAE1, and
CgKCS led to the remarkably difference in the composition and content of fatty acid in Y. lipolytica.
AtFAE1 mainly catalyzes the synthesis of C20:1, BtFAEL prefers to synthesize erucic acid (C22:1), and
CgKCS can catalyze the synthesis of nervonic acid (C24:1). Nevertheless, co-expression of the three genes
in Y. lipolytica did not increase the production of nervonic acid. Overexpression of the gene DGAT1 in
Pol1g-CgKCS apparently increased the oil content by 50%. The results from the temperature experiment
showed that a lower temperature benefited the synthesis of unsaturated fatty acids, while a higher
temperature benefited the synthesis of saturated fatty acids in Y. lipolytica in our tests. [Conclusion] The
fatty acids elongase CgKCS can directly catalyze the synthesis of the C24:1 fatty acid from the C18:1 fatty
acid, and the synthesis of unsaturated fatty acids can be improved by optimizing the culture temperature.
This study provides theoretical and technical guidance for the construction of cell factories for
very-long-chain fatty acids and the optimization of fermentation.

Keywords: Very-long-chain fatty acids, Yarrowia lipolytica, Lipid, Metabolic engineering, Temperature,
Fermentation

fERGHR S ANV bR T yhEe sy, HA ) hE KF, Wm b2k 2] 0.269 g/g, THIE A R AT
B SRR BRI BT ANGESLE, Ht k%) 98.9 /LBl SR, 1 ARG HE S 4 BEREA R
AT LLARI AT ER 70%, JFHZERE T4 EREEIRITRRIS RIS .
WA — R A W (Biosafety class 1 R IR T R T W 48 R EE AR R FEOR T
microorganism)™*? | SEAES, FRASHR B 4E gk 18 IIRNTIR . CA W R Z AR K AR IR A
I TR YIS AR AR B RR A IT & B B EERURMNE, Bl A RIE iR e R
Ff NG HR 2 4 W e B A i K AR T IR L 32 r PRIE MsfiR (eicosapentaenoic acid, EPA)HLA il B i fifs: |
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AR IAL 5 LR 25 O I A B T, — -
PSR (DHA) AT HE S LS A R BT b,
WA ZFER AR iR A N FHE, (R
AW A R 5T R T R AT R IR, A0 O R
(C22:1A13) . #f 4 ik (C24:1A15) . — + Nk R
(C26:0). — 1+ /\Bkf£(C28:0). =+ (C30:0)%%,
IVER R T AL T 50R, R8T A= I IR -
PR R LB DR A WA 1 R A T Eh W
R 1 B R B M s P e rb WA AR
% % P Ak RE (multiple  sclerosis) 25 b 28 25 L%
JEB A RERER . BRI = R R
AR FRERR G ik B 2 v ) 4

fife B BB 2 A4 0 e Bk R BB TR LA C16 A
C18 HE KN, BEU G B K BN IR i 2
it , AR A B RR TG A OB K BERR IR . (R,
FRACHE TR A AR W2 0 1, 6 S e B & e
R K BENE W RR AN T o i & B G 1 R 48 K
RIS B B L, TR R —Fh A iR T A 2t
20 FRIRRT R BB, X LEEGIY Y L — A
NTR) o 7 TR T P A ) 400 Rl A 114 i s R A 4K it
LI AtFAEL, AT DMk G i C20-C26 HE K IR
e, Hh C20:1 JEIWIMR Hof s ™ . e R A
2% 35 9 W 57 3% (Brassica tournefortii) 4iE K fif i [X]
BtFAEL, AEMSMHEILA AL 2.3% 93 iR (C22:1)14
T 7E PR % B 3% 38 #F oK Jv J& A6 4 Cardamine
graeca IEK EEILIN CgKCS, A LUK & i sE
K AR 2212 (C24:1) M T I £ 2 56 TF 5 X 2
RERRIUIR R, EE R PR A 2 =i e B, 3
IS A & AR T 209%M°0, b IR AR T R AE K it
R DR 77 i B v 2 3 T B S BN ) Y
(45 % AR SCR eI o 1 FE A IR B 2 4 0 e B %38
JIG 7 PR 4iE K i JL R AtFAEL, BtFAEL Fll CgKCS &
BRI AE N TR BT D0 o BEAN, 555 FIK eI 2 4o
{7 g HI 25 A4 U T 2 B o gt 0, PR AR
SO LL T AR BRI, BIFSE 1 IR ST R 05 R A5 ik
(AR, K ITURIE 5 S e A g 7 s B 40 i T
JRMEIE RS

1 MRS
11 =k

S T e i HR 2P A e Bt & RS Polg
(MATa, leu2-270. ura3-302::URA3 . xpr2-3), Yeastern
Biotech /Al . A4 & kL Bir F K W AT B IR sz 25k
E. coli Trans1-T1, 4 At ladYHARA R
NI
1.2 EFE

LB HiFrdk(g/lL): MEEHERY) 5.0, BEM K
10.0, %Akl 10.0. 1x10° Pa Z&¥ K 30 min, [#
PRIEFR LSS N 1.5% Bl . 275 % % 100 pg/mL.

YPD HiFESk(g/L): BELREZEUY) 100, HEAM
20.0, %M 20.0. 0.67x10° Pa Z£¥ K 30 min,
AR EE SRR N 1.5% ) B o

YNB FiSREE(g/L): Hi%iHE 50.00, BEEHERY)
1.50, FRmENE 0.02, 554404 0.10, YNB 1.70, 0.67x10° Pa
ZEVRKH 30 min,  [EIAEEFR I 1.5% 935005 -

SERPRE IR E R TR (0/L) . AEIHE 20.0,
Leu Minus Media 8.0, 75 pH 5.5, 0.67x10° Pa
ZEVRKH 30 min,  [EIAEEFR AL 1.5% 935005 -
1.3 FERFIFMEE

M. BE, Jbat Solarbio A+ 3 B 1 .
WEbkky, Oxoid 2Aw); SAbHN. HiZgHE, 2540
2R A PR H] 5 YNB (yeast nitrogen base without
amino acids), 4= T AW TR ) BMAFRA ) ; IR
mEnE, EWHRMAEYRCARA T SRR, B
IR BRA F] ;. 52 &IRE FREA RIS IR
F(Leu minus media), JtEZFEERHEABRA A,

LR DNA PR ORI &, A A TR
A RAF; TR HuE A7 £ . EasyTaq
DNA B4 . DNA Marker, Jbgie=4 WA
ABRF]; PCR Al & . BiBeHEeie Ik
7€, Omega /AF]; Gibson assembly, Applied
Biological Materials Inc 2% w]; BRI & N VI,
Thermo Scientific A5 ; =7 E DNA B4ET7, KAPA
Biosystems 23l .

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



16 TEY I8

Microbiol. China

PCR #"3#4{% . B.0:L, Eppendorf 23+ ; S AH
ik T, Agilent A H]; HLFKF-, Sartorius
Group AH]; B TAES, TRMNLHRESTHEARAR
oAl FEIRERIR, RIS AR A %
SMTIOEETE, e (HI) AR A PR A A AR
10, KRB L AR v L E RSO
THRAE . B, RIRR R SRR A BRA
1.4 EHEHRAIGE

Jit i PCR Y45 W L3 1, this SRR
A FARG R A AR, A BORCR T Gibson
assembly Ay, ARAEETE DNA Pus$ Bt &
Ui A PR A HB 2 4 T R 3 R 21 DNA, LA
JE IS % 2 W B A L [ 40 DNA R AR, LI
DGAT-F/DGAT-R J5|#)/751, &MH KAPA HiFi 5
R E DNA BAHEGYH DGAT1 JEH A B, FEMH
AtFAE1, BtFAE1 Fl CgKCS ¥ L8 2 A= Rk
AR FE ARG, LA BB RERAR 1 HIER
1 95945359 1 AtFAEL, BtFAEL fil CgKCS :[A
FBto DMEREERS 41 FEBER FE N 2] DNA 1R
Me, LI TEF1-F/ITEF1-R 1 XPR2-F/IXPR2-R 1 h5]
Yiy5, PCR ¥4 TEFL J3 3+ XPR2 & 111
FITA BORLEIRI DL pYLEXL SAEEA S, PCR ¥
8 TR AR B0 B AR AL R OB TR 1 B
®1 KHRAASHY

Table 1 Primers used in this study

J£ (bp) FIFT I BE (ng/uL), 42 HE S JR %R 1:5 A4 L 1]
1RG5 PCR &, [FEAYIN 5 pL Gibson assembly
KA, 5 SAR R 10 uL, K RIESIE 50 °C %
$z 1-2 h B 2 uL &0 W) e AL R AT o sz 25 4
M Trans1-T1, I HrMkifLE . PCR Y1 . MEDI%:
UF 4k 15 & 41 i B. pYLEX1-AtFAEL1 . pYLEX1-
BtFAE1 . pYLEX1-CgKCS . PYLEXI-AtFAEI-
BtFAE1-CgKCS Fll pYLEX1-CgKCS-DGAT1, #15
FIMEA R Not T EgEIZ 1L, RTBERRER
AL ARG ER D 2 R, TR A SR R E IR
BRIERIHEAR, REBIME IR, PCR MR R
(25 pL): 2xfRH DNA 41 12.5 L, 10 pmol/L
b FWES 445 1.5 pl; &K 1 uL, ddH,0 8.5 pL.
PCR )i £4: 95°C 3 min; 98°C20s, 65°C 155,
72 °C FEAfif ] #4218 2 000 bp/min 144,35 MG ;
72 °C 10 min.
15 AFEXW
151 EMECRIERALZR

H-80 °C [RAFMIFFNEHRZ 4V I BE A Bk Polg
1 Polg-VL £ YPD [ElfASEFHL FRIZR, BT 28 °C $5
FAARESR 48 h, AR IR LR Fe R R 50 mL
YPD Wik 5L, F 28 °C. 250 r/min B53% 27 h {f
R, H 3 5% AR R T 100 mL

519 5191575 KE
Primers Primer sequence (5'—3’) Size (bp)
p-F AATTCCGTCGTCGCCTGAGTC 21
p-R GTCGACCGATGCCCTTGAGAG 21
AtFAE1-F catagcacgcgtgtagatacTTAAGATCGGCCGTTCTGCAC 41
AtFAE1-R gaattaaacacacatcaacaAATGACCTCTGTGAACGTGAAG 41
BtFAE1-F actttttgcagtactaaccgcagACCTCTGTGAACGTGAAGCTG 44
BtFAE1-R gcaagaccggcaacgtggggTTAAGATCGGCCGTTCTGCAC 41
CgKCS-F actttttgcagtactaaccgcagACCTCTATCAACGTGAAGCTG 44
CgKCS-R gcaagaccggcaacgtggggTTAAGATCGGCCGTTTTGGG 40
DGAT-F actttttgcagtactaaccgcagACTATCGACTCACAATACTAC 44
DGAT-R gcaagaccggcaacgtggggTTACTCAATCATTCGGAACTC 41
TEF1-F tctcaagggcatcggtcgacAGAGACCGGGTTGGCGGCGC 40
TEF1-R CTGCGGTTAGTACTGCAAAAAGTGCTGGTCG 31
XPR2-F CCCCACGTTGCCGGTCTTGC 20
XPR2-R gctgtcaaacatgagaattcGGACACGGGCATCTCACTTGC 41

. NG FEEE Gibson assembly RELER A B, KEFRALKRY 5149,

Note: Lower-case letters represent overlapping fragments for Gibson assembly and upper-case letters represent synthesized primers.
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CEEW il 1/5) YNB RIERE SR, A0 9I7E 22, 25,
28. 32°C 41T, LA 250 r/min 3k BERE5%
BN E 3 AT, M —kAEY¥ER.
152 HKHMZERINE

SRITHER 0. 5. 14, 27, 74, 120, 144, 168h
BUEREW, T 600 nm RO ERAE, DIk
FREFTE]) A AR bR . ODeoo TH M AALFR2 i A= K 26
153 H¥ERINE

W4 & BT 12 000 r /min 2.0 5 min e A
FHZEIARVEG 2 K, Ze4 B3, BT 85 °C HLAML
TEEE, TS UG O R R R 215 5
FRM T,
1.54 ;HBEEAYIREN

KW IRAE G, 50 mL 2.0 I L
i 7%, 6 000 r/min = 5.0 10 min WA 1A,
WS R BT ¥R B AR, 1 g A
4 mol/L g 10 mL, #RZIRS), ZFiACE 1h, W
K 8 min, 7. BIJT—20 °C i#¥ 30 min; SRJEHN0
ANGE-HELL, AR TSRS, 4000 r/min B
L 5ming YWHETZEMZ, A G EREUR &5
47 0.15%19 544k, 4 000 r/min .00 5 min; Yi4E
A0z, HAARPGER L& ENME,

BT R T E e s, A e S R DA S
KT EALEER,
155 PFERAAEREREEL

XTEEBUPRHARFRE f5 , FEREIEAE IR 2.6 mL
FH - R VAR (PR 1L 98:2), T+ 85 °C 44 2 3 h,
FCAVKAEAHT, W0 1 mL AR A S SRR 1 mL
ECkE, TRHIRAGT 4 000 r/min 2.0 5 min, &
R FEEDZRIN B ARG/, 5 TR
M,
15.6 StHEBIEH SRR 5

IR AT . AR HP-5 (30 mx
0.32 mmx0.25 pm); FEAEIREE: 250 °C; kil
. 250 °C; HFFEMAFR. 1ul; EIAFEIR A 140 °C,
£#4E 1 min, 24 10 °C/min FHE % 180 °C, 4% 2 min,
L1 5 °C /min FHELZ 210 °C, {445 4 min, LA 5 °C /min
THEZ 250 °C, 1#4% 4 min, DARAUH—E155)%&
JIg I BR A 43 A AR 5
2 GRGHE
21 MREEETHTERETIERENWE

fiff N HI 27 448\ 1o B AS B A RE B 0B K5 AR 17
2, i RIRIMERR IR ML, W EoN G

HIJG PR OGRS DA R RS B0, PR (o/L) L BGRfE, SCHUEB R EEIRIR MG (B 1), HEEA
4 Palmitic acid (C16:0) Desaturase _ Palmitoleic acid
—> (Cl6:])
Elongase
Stearic acid (C18:0) Native pathway
Desaturase
T Oleic acid Desaturase Lino}eic acid
\ ongase (C18:1) (C18:2)
‘/" v J Elongase -\\‘
Arachidic acid Eicosenoic acid
(€20:0) (C20:1)
‘L Elongase Elongase Exogenous pathway
Behenic acid Erucic acid
(C22:0) (C22:1)
Elongase Elongase
Lignoceric acid Nervonic acid
(C24:0) (C24:1)

B 1 MARERS 4B 5 AU K HE AR BB A BH& 2Rt

Figure 1 Design of metabolic pathways for synthesis of very-long-chain fatty acids in Y. lipolytica

TE: SEARHEN N NIRIRAR, HELRAE N SR

Note: Full line denotes the native pathway. Dotted line denotes the exogenous pathway.
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) (49 i U5 PR 4 K T N P R R B T A Bk Polg-AtFAEL-BtFAE1-CgKCS F1 Polg-VL (# 2).
PYLEX1-AtFAELl . pYLEXI1-BtFAELl . pYLEX1- 22 TiEEAKBKEIEIHER

CgKCS . pYLEX1-AtFAE1-BtFAE1-CgKCS FIpYLEX1- 221 BERERIEFH

CgKCS-DGATL, HeAb.fifi i HE 2 4k v e B H A T bk W5 i R HI 2 4 U %1 Polg-AtFAEL, Polg-
Polg, iiliZl PCR FIFSIME R ERIVE T A4 #kk,  BFAEL Ml Polg-CgKCS HiFs 255 5 K AR
5¥ilé44h Polg-AtFAEL . Polg-BtFAEL, Polg- CgKCS.  ZLAL, ZRUNE 2 fis. Hi kKb Polg 3= B4 ik

R 2 ZKHEST R A EARAN BT

Table 2 Strrains and plasmids used in this study

Strains and plasmids Characteristics Source
Strains
Polg MATa, leu2-270, ura3-302::URA3, xpr2-3 Yeastern
Polg-AtFAEL Polg, pYLEX1-AtFAE1 This work
Polg-BtFAEL Polg, pYLEX1-BtFAE1 This work
Polg-CgKCS Polg, pYLEX1-CgKCS This work
Polg-AtFAE1-BtFAE1-CgKCS Polg, pYLEX1-AtFAE1-BtFAE1-CgKCS This work
Polg-VL Polg, pYLEX1-CgKCS-DGAT1 This work
Plasmids
pYLEX1 pINA1269-Leu Yeastern
pYLEX1-AtFAEL pYLEX1, PTEF1-AtFAEL-TXPR2 This work
pYLEX1-BtFAE1 pYLEX1, PTEF1-BtFAE1-TXPR2 This work
pYLEX1-CgKCS pYLEX1, PTEF1-CgKCS-TXPR2 This work
pYLEX1-AtFAE1-BtFAEL-CgKCS pYLEX1, PTEF1-AtFAEL-TXPR2, PTEF1-BtFAEL1-TXPR2, PTEF1-CgKCS-TXPR2 This work
pYLEX1-CgKCS-DGAT1 pYLEX1, PTEF1-CgKCS-TXPR2, PTEF1-DGAT1-TXPR2 This work
A s, B 50
\?40 | mPolg ?40 mPolg
<30l mPolg-AlFALI % 30 m Polg-BtFAEI
220 £ 20
~ 10 “ 10
N (NN NS 0 SN N (D
o Q\b c\q’ I F ¥ o o\b c\q’ o c\” O“ P
Fatty acid composition Fatty acid composition
¢ 50 D 50 .
mp
9 40 mPolg @40 H Polg
= 30¢ mPolg-CgKCS Sl H Polg-CgKCS-
5] 5 AtFAE1-BtFAEI
s 20} g 20 |
“ 10 “ 10
(o'.\ (O'.Q %_r} c5.\ %.Q Q‘.\ N N-\ b;.Q 0 N QO YN 0 NN N0
OO MO WA AN VT O P O

Fatty acid composition Fatty acid composition
B2 fREEESTHITEEE TIEEAAEIAERAER T
Figure 2 Fatty acid composition in Y. lipolytica
Note: A: Polg-AtFAEL; B: Polg-BtFAEL; C: Polg-CgKCS; D: Polg-AtFAE1-BtFAE1-CgKCS.
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£k C16 F1 C18 fEIIHR , Horh C18:1 Sy F 2407,
Tl DR —F T T AR A% Polg-AtFAEL
RS & L C20:1 MRWiMR, i B AR 4.4%;
Polg-BtFAEL REfS G MITIR (C22:1), i Bl
5.3%; Po0lg-CgKCS REMSA BUMIZMR(C24:1), A
AR 6.4%, JfHA /i C20:1 fil C22:1, 3 Ff
PAELN FOR TR CL6:1 SR R bR, T
C18:1 Fir T Ak
222 SERLFTIEFHK

Mg 3 LR IR Polg-AtFAEL-BtFAEL-
CoKCS MINENTRRALAY , 45 s M 2e iR & 1 o ST
JEM 5.1%, FHFEK CgKCS &R FEL 1.4%,
C24:0 &t Bamfigny 8.5%, b H 21k CgKCS iy
TEIINT 4.5%. X RANEIIFRIEK I AtFAEL,
BtFAEL1 Fl1 CgKCS F-3&A R B4 B AR AN A

A
40

30 -

Lipid content (%)
(=)
=

Polg Polg-CgKCS

Polg-VL

E 3 MRASERT 4 FEE 5 Rik DGATL EEMAAMAE S 2

i , CKCS & [HI AT E 4 AL T IR (C18:1) A i pH £ 1R
(C24:1) (¥l 2D)., J:T 1, 7E Polg-CgKCS il I,
1 F IR PR ERIE H VML B R SE R DGATL 15
FF Pk Polg-VL, KIEREFR S d J5 e 4t fg &
B ERER, ik DGATL LR AT LIA SER &
YHfIAS &1, Polg. Polg-CgKCS #il Polg-VL fY
ARG S 17% . 18% I 27%, TE Kk
Polg-VL 5 Polg-CgKCS # b4y fig & e m T
50%, REMFRZAL AL I —E A8 b, JLHIE C16:0,
C18:2 F1 C24:0 (K 3).
2.3 BEXMIEET HTEEE K. FimFifsEn
R 2H R B9 52

PUTFEHIRE Polg MBFSOE, BERE T 4 A
7GRS 28 31, 34, 37 °C JFJRWISLER, 4540 37 °C
X EREHRZ T e bR K B B R IHEAE I (B 4A).

B

50
m Polg
40 L m Polg-CgKCS
_ m Polg-VL
S 301
E
L
S 20F
)
10
0 N D L N D W AN N WD
TP B A P o
(A)FARE AR ER2E X (B)

Figure 3 Lipid content (A) and fatty acid composition (B) in Y. lipolytica overexpressing the gene DGAT1

A -=28°C -=31°C B - Polg-22°C -=Polg-25°C ¢ —a— PO{g-VL-%2 DE
8 40 o —— = o, . o —I—POg-VL-SO‘
4 34°C -e-37°C 27 Polg-28 °C Polg-32°C 35 - Polg-VI-28°C
30 - Polg-VL-32°C
- 25 |
2 220 F 3
Q ¥ ¥
) 8 15 F
10 s
5 I 3
0 | 1 1 1 1 ] 0 1 1 I 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120

t(h)
B4 FRIEETHERSETIBRSHNEKES
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Figure 4 The growth of Y. lipolytica under different temperatures

e A IRETSEIRSSR; B: Polg WHkMA KIS ; C: Polg-VL BEAKMAKIEHL.
Note: A: Preliminary experiment; B: The growth of the strain Polg; C: The growth of the strain Polg-VL.
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Figure 5 The lipid production and lipid content of Polg (A) and Polg-VL (B) under different temperatures

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



R R HI 2 eV T R TR G A B I BN 17 9 B EE 7 S 21

A
100
mPolg-22 °C
80 | ®Polg-25 °C
—_ wPolg-28 °C
&
= 60 ®Polg-32°C
5
5 40 +
20 +
0
Unsaturated fatty acid Saturated fatty acid
¢ 80
m Polg-22°C
® Polg-25°C
60 b » Polg-28 °C
. m Polg-32°C
E\i
T 40t
5
@]
201

0
Cle:1 Cle:0 Cl18:2 Cl18:1 Cl18:0

B 6 AEEET Polg 5 Polg-VL RIBEBARERZS (L

80 "Polg-VL.-22 °C
=Polg-VL-25°C
60 |+ =Polg-VL-28 °C
9 =Polg-VL-32 °C
2 40|
=
=]
o
20 |+
0
Unsaturated fatty acid Saturated fatty acid
50 -
= Polg-VL-22 °C
i #Polg-VL-25°C
»Polg-VL-28 °C
Q_Y" 30 = Polg-VL-32°C
E
5 20
10

N
0\‘0 o\‘o Q\% O\% O\tb C:» (9‘} d\lb‘ (}P‘

Figure 6 The fatty acid change of Polg and Polg-VL under different temperatures
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Note: A: The total saturated and unsaturated fatty acid content of Polg; B: The total saturated and unsaturated fatty acid content of Polg-VL;
C: The fatty acid composition of Polg; D: The fatty acid composition of Polg-VL.
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