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Effect of Heavy Metal Ions on Microbial Oil Contents
and Citric Acids Secretion in Yarrowia lipolytica
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Abstract: The effects of different heavy metal ions on biomass, extracellular citric acid contents, oil contents and fatty acid
composition were studied.And the influences of various heavy metal ions on lipid accumulation and citric acids secretion in
Cu*

Mn"" and Ni** ) ,and the inhibition efficiency increased with increasing concentration of those ions.Citric acid secretion and

Yarrowia lipolytica were also studied.The results showed that cell growth was inhibited by 4 heavy metal ions( Co>*

’ ’

lipid accumulation also decreased in the presence of 4 heavy metal ions except Mn’* . When Mn>* concentration was

1.0 mmol/L,the lipids contents reached maximum value(17.6% ,w/w).And maximum citric acid production achieved 6.9 g/1.

with the addition of 2.0 mmol/L Mn®*.Furthermore , heavy metal ions also affected the lipid fatty acid composition.Co’" and

Ni** increased the contents of saturated fatty acids and decreased monounsaturated fatty acid.Cu** promoted the increase of

linoleic acid content( from 7% to 40% ).This study could provide a basis for the production of microbial oil and citric acids by

fermentation.
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Fig.1 Metabolism pathway of oil synthesis

and organic acid secretion in yeast” ")
7 :mCT ; mitochondrial citrate transporter,
YRR T AR IR 38 B 1 5 ¢CT : cytoplasmic
citrate transporter, 40 i AP IREL 12 E M,

o E B T AR T T R . R A
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0 HIS EC e B 17 B 7 il ™ R 1) 52 Wi, AR A 5 30k X
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1 #MRl57HE

1.1 #RE5NEE

HE X fig g 1% Yarrowia lipolytica CICC1778
(ATCC 20460) w7 [E Tk ik A= 2 oA Tl AR 588 0 5 48]
B . ZnCl, | CaCl, , CuCl, , CoCl, -6H,0 ,CrCl, - 6H,0
NiCl, \MnCl, MgCl, -6H,0 ,FeCl, -4H,0 ,FeCl, ,AICI, |
NaCl HCl R4 79 — B e =8P ¥
fral, E ey (W) Rigibsili A m; I ke (f
jkal)  EEZ(ER) RS A T R
Y R Oxoid 2] 5 J0 2 B e 1 (TR ( Yeast
Nitrogen Base Without Amino acids, YNB) A= T . T.#¢
(B3 A BR 2 51 5 B U5 R A v O A7 468 192 s 1A
o Sigma/l\H] .

SW-CJ-1FD Blig% TAES R i) ;
MLS — 3750 %l °K & 54 SANYO Electric Co., Ltd;
ZHWY-2102 B[R CE R FE IR BV Sk 43 BT
FRil A RS A EL204 B R Mg el — 6 R
ZALAS (i) A RS\ PB3002 - N #5471, 72K
Vo MR - FER) AR (1) A R F]4KLS A
AR Ol RS SRA R W] DK-8D
B HEROK S R RS LA A R A A
Thermo707 BIFBAKIR VKA REVCO; QSC—12T 5l 4
WAL EHESR B E]GC 2010 BISAHAIE L HAR
5 e 35 T s Agilent 1100 &5 RO AR (5L £
Agilent Technologies 2\ ],

12 SKBHE

1.2.1 By FRAEACH]

12,11 FprREaedt  Miah 20 o/L, B2 B
10 g/L,ZE MK 20 ¢/L, 4325 ak 50 mL/Jf, 115 °C K
7 20 ming

1.2.1.2 rEiR AR By e 3L Huh 100 /L, YNB
1.7 ¢/L.,(NH,),S0, 1.0 g/L, 4325 50 mL/jif,115 °C
K 20 min,

.22 HE4)E s Tl dl  ARYE SR & TSy
B 9% il 2, 0 1) PR BRUIE Bt A9 ZnCl, | CaCl, | CuCl, |
CoCl, .CrCl, [E{ARL A 0.5 mol/L i AKEE 5 43 5B
i B NiCl, MnCl, SR EC )i 1.0 mol/L (7K ¥
W5 FRIBGE B 11 MgCl, A TEC i B 0.3 mol/L ¥ 7K %
W, 115 °C KB 20 min, 43 5IFREGE 5 FeCl, (FeCl, |
AICL, [EABCLHI B 0.5 mol/ L (7K , i 38 K TH .
123 @A IR AR AR IR 100 pl & A
30% (w/V) HImM W, In A Fh 35 55 4, 75 28 C
200 r/min FERFEEFE 24 h; I4E 1 mL B T 1.5 mL
BLLAS R, F 5000 v/min FESL S min, FF I, MG
B PRI 77 g 7 R 5 57 i WO TR A D TE , 1 L
VR, R HBET IR R EE RN, £ 28 C
200 r/minFE K F11% 3 80 h,

1.2.4 4R TSR ER G NS B 52 7F
PR IR B IR A (50 mL) v, i i AN 2 R R
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2 mmol/L{¥ Zn** Ni’* Mg’* Mn’" Ca’" Co’" .Cu’" .
Fe’* \Fe'' (A’ [ Cr'' 11 FhEE 4R & T, X BEE 55
80 h, LI & & B T WS N0y 25 [ 4 D X B2, ) a2
AYrE AR S B AR T B IR T R A LR TR
b, i 35E B 0T HIS DG AR B 18 R v BE 2 o R A TR 4 Wb
EA W NESEE .
1.2.5  IN[AI¥RBERS ) 00 B8 4 25 1 X HIS FG A B i B
HOEEN ORI e H A Mn®* (Co®" \Cu®" (Ni*" 4 FhEE 4
JB BT 50 B B A [) R e A 8 . Min® " O (KRR |
0.5.1.0.1.5.2.0 2.5 mmol/L;Co’" :0( %} &) .0.5.1.0.
1.5.2.0 mmol/L; Cu®>" I Ni*" . 0 ( %] B ) .0.25.0.50,
0.75 F11.00 mmol/L, %5 3E 80 h, M E A=W 7
IR P 5 AR O &2 LRI PR 4 SR e bm , IR FE AN ]
e A B 10 B 4 s S X HIS P A B e B 10 5 i
1.2.6 PEMAKLE X AEYENE  WIRIRE XY e
WA 25 BEAR SO D5k, B4 mL 15357 80 h S (1)
W T 5 mL 2048 (FHEMTHRE m,g) 1, 78
4000 r/min |, 5.0 3 min, F _F¥E, JH 4 mL F55-T K
VRV ULYE , 7E 4000 r/min &0 3 min, 372 LE, UL
VER R TG FRE m, (g) o

W (g/L) = (m, —m;) x250 (1)
1.2.7 JFEFEEC NG R R it 8 B 42 I K Ig
Jiz2 FH P 4k 2 B8 Papanikolaou i“;‘ff:[]ﬁ: T, EHC2 mL &%
7% 80 h JS TR K T #E AR 1, 7E 4000 r/min | BS.0»
3 min, 5+ K LVE, H 4 mL £ & FRBEDLTE, 78
4000 r/min T &0 3 min, 33K 135, UU3E H FHEEUR
Joigs
1.2.7.1 JgEHEEC A 2 mL 4 mol/L ) HCI 5%,
80 C/KIE 3 h, HKIBEHRIG VR EER, IMA 1 mL
F s 2 mL S f5F1 100 wL ARFE Cy , 3% 30 min, 1E
3000 r/min R &> 3 min, N2 EFHBEIEM, A
U
1272 HEgfb ARG A 1 mL 10% ;g — H iE
VW ,60 C/K¥ 3 he KRB HRIE M A 1 mL 0
NaCl %W .2 mL IE L %€, 7F 3000 r/min 5444 2.0
3 min, 1 mL _J23EWE ASARNE
1.2.8 JgimeEsEZE Wl & s S IR
S gy o Ad AR A RS B HEAT A I, A
@ 3% & DB — WAX column (30 m x 0.32 mm,
0.22 pm) , & & KIEG (FID) Kl 2%, # S EAL i
HE2A 40 L/ min , Kl 55444 - K #5955 >k 260 °C | i3
FEEREE SR 240 °C 3RS 1 pl, 430 th 1540 1, 4%
FHEFEF A 120 CA%FF 3 min, L 5 °C/min 43 KT}
VB Z 190 °C,FH-LL 4 °C/min B3R TE ZF 220 °C 1%
£ 2 min, fHHPNEREL (Cso ) HRESAH B 55 g 1
HH W s T R 0 T AR E A T B8 DT R 43T o

MWHEE (%) = wWmigBE (W1, mg) /41 il &
(W2,mg) x 100 H(2)
129 frEmRE SN E FERES SN2 SR
Papanikolaou szl gead B 1.5 mL 5535 80 h /510
HW T 5.0 % P, 78 12000 r/min &0 5 min, B
I mL 235 W AN WA 58 A v B0 A € 35 ST
RS BEFTAG I, £035% 43~ : Ecosil C g (4.6 mm x250 mm,
5 wm) , FLBIAH R HEE/ OK/BETR =51 95: 0.05, it 3
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2 0~8 mL/min, £ & 2 30 C, & ] %% UV -
210 nm, FEEEE R 10 pL, LS HI%E B A B2 18 I AR
WERE T VE S 2 LU, TR A AR S AT AR R I T B
1.3 HELE

TS 3 NEE, AR LUCFHE £ frifEE
(X =SD) £ 7x, 58 F ¥ R A SPSS 4t 1 Kk 4
(V16.0) #4788 1t 43 1, 2 4 £ ¥s b & uF, R H
ANOVA 47 Duncan’ s Z 8 b T2 F 0T (P <
0.05) .,

2 ZHRE5HW
21 BEEEBTFLREXBBKMIEBRES < ~®RMN
A

e G )@ B T E S 2 mmol/L Y EREE v, 45
RIFWET Zn®t Ni** ‘Mgh Mn®** Ca’* .Co’" .Cu*" .
Fe’™ [Fe'" (AI'" [Cr'" 11 FhE 4 & B 1 %F HIS [ fre A P
BEMAE A BB AT B S I B A RE I (R 1) . Cu®’
A1NI* Y B A A i S AR B, 2R R Sy
B R T 86% A1 73% . Mn’* {it PEFFRBEIR 53 Wh , AH EL
TFXF B A AR 43 I e G i T 83% 5 Cu®™ (Ni*™ [ Cr'”
i Fe' " WM FF B2 ER 433 , 5 X RELHAH Hb , #7458 R 4
WAE ST TR RET 95% .81% .80% F1 76% , Cu’*
Ni** B S 3 Ly s A 22, A0 Eb T ok B4 I S & A5
ST RET 81% Fll 65% , AS[F]2ZE U TR 43 )@ 25+ 52 M HiS
P AR B BE R W AR 2 BN U3 2, Ca® A1 Ni* ™ fiff Cq,, U4
B B R 3 22 C g B9 ZH B LG K R U /L 5 Co® ™ B i [
KT Cop BULLRGEL, Cr* " 3 H0 T Cog ) BLL AL L s Fe® [
KT Cosp BIZH AL LE -

R HEEE TR AR AR IR R LR
IR U A M R 5 ek ) R )

Table 1  Effect of heavy metal ions on biomass, citric acid
secretion and lipid contents in Yarrowia lipolytica
HEBEET Y PR TG &

(2.0 mmol/L) (g/L) (g/L) (% )

X HRZH 1033 £0.46° 3.72 £0.73°  14.30 +0.68°
Zn* 9.05+0.03" 274 +045 11.10 £0.74°
Ni?* 276 £027"° 072 +£0.22"  5.03 +0.16*
Mg 9.17 £0.19" 334 £039°  14.44 +0.39°
Mn®* 9.45+0.34"  6.80£0.37"  13.54 +0.98"
Ca** 1043 £0.27*  5.67 +0.41"  13.14 +0.14"
Co** 6.95+0.19° 273 £0.32°  10.58 £0.43"
Cu™* 1.45+0.09® 020 £0.08" 276 £0.54"
Fe’* 7.95+023' 108023  9.68 £0.73°
Fe’* 9.00 +0.22"  0.89 +0.16"  9.92 +0.32°
APY 9.65+025" 328 £034°  9.75+043°
cr't 8.00+0.11° 074 £024"  7.83 +0.83'

T ANRVNE PR RS B 28 Sk 3% (P <0.05) 5 3% 2~
6 [A].

Lk LA AT, Co NV AR R AT W 4 40 ) AR
W E RS W T AT R o 1 SR AN i iR AR 2R A A
AU AR FE T BRI R AS M L EE 14 18505 Co™ " 18 T 4
UG 05 T2 1140 2 EE 5 Min® ™ e Ay A2 R 4 06 A7 1T 4 7 i
HEAE
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Table 2 Effect of heavy metal ions on fatty acid profile in Yarrowia lipolytica
EIRET NE Wi R R (% )
(2-0 mmol/L) C16:0 C16!1 Cls:o C18:1 C18:2
X HEZH 16.92 +0.65° 6.00 +0.34° 14.25 +0.51" 55.34 +0.31" 7.49 +0.40'

In** 11.44 +0.31* 6.00 £0.14° 9.26 +0.20° 59.54 +0.18" 13.76 +0.25°
Ni?* 14.72 +0.22° 6.76 +0.27° 5.03 +0.16" 41.59 +0.03° 31.06 £0.04"
Mg * 15.74 +0.42° 7.01 £0.21° 9.78 +0.38° 57.71 £0.69° 8.76 £0.14"
Mn** 16.76 +0.69° 6.11 £0.79° 13.35 +0.49° 55.68 +0.47" 8.10 £0.31"
Ca’* 16.82 +0.34¢ 7.01 £0.13° 12.65 £0.41" 55.14 +0.55* 8.38 +0.18"
Co** 18.41 +0.57" 1.95 £0.34° 32.57 £0.44° 35.40 +0.69" 11.68 £0.58"
Cu®* 19.02 +0.12* 11.37 +0.29* 2.55 +0.50' 2529 +0.21* 41.76 +1.29*
Fe** 12.10 £0.28" 7.32 £0.33° 7.01 £0.31¢ 59.55 +025" 14.01 +0.89*
Fe’* 11.26 +0.13¢ 6.93 +0.23° 9.09 +0.21° 57.58 +0.38" 15.15 +0.37°
Al 14.96 +1.29° 8.97 +0.99" 9.40 +0.87° 55.98 +2.41* 10.68 +1.87¢
Y 11.95 +1.03# 6.92 +1.26° 8.49 +1.17" 62.58 +2.34° 10.06 +1.49#

22 FREREBER Mn®" Co®" Cu®" Ni** Xf BB p . ,

KR RS B B3 7 BB = BR RO 52 M 16 f

22,1 Mn®" b HIS FC ARG 182 B i g AR ik R RS IR Sy 14

LRI A 2 B, R IR T Ma® % 5 E o | d| | s

SRR 21 0 VAT 5 W) 455 2L/ ik 2 “y Il . o

10 g/L) s Xyl IR R BB — & AR HEVE T (B R e 8 i & ¢

HH A S A R RE B B ARG B , Mn® " 7E 1.0 1 2.5 mmol/L 5

BF 3G A S Bk B W (17.6% F11 17.2% ) ; Mn®” 0

XTFPAE IR 43 Wb AR BEVE A Sk BERR BE S — 2 R
B BEE Mn® " e BETF R R BRI 4 B S B S IG n E
VbR TE 2.0 mmol/L 22T, AP AGE TR 1Y) 432 ek 15 F)
KA (6.9 g/L) o AN[FEIHEE Y Mn®" X HES G fi s %
B R TR 20 1% T WA Sk 5 T, 25 TR B R B 2 18] 1Y B T
TRLH B L TR (R 3) o

£ B4y, M’ X HIS EG A7 B 2 R 10 A2 K175 0 K
AE i iR 40 A 6 BH S 52 ), (HL3E EDMR B T S AR 3 g
TR SRR 5 o
2.2.2  Co" Xof HISFC it Big 1 £ 3k g B 22 ik e A7 B2 1R 4
WERIEE I WE 3 FTR, AT X IR, Co’ YR
I HIS B i Nig B 5k 0 A (H S5 9 8BS 2 (]
REIH B LR, KHKE Co® (0.5 mmol/L) X} g
TR S A — E WA UEVE s B Co™* ¥k
JEREIIN, I s S AR 2 (8] T I LA (A
AR 43 2 BB R B 385 i i yak 2>, 7E 2.0 mmol/ L B #7
BT 430 B AH BT X RRZH I T 43% . % 4 v Co™”

0 05 1.0 15 20 25
Mn? ¥ J& (mmol/L)
2 ORI[FIHERE Min® Xt HIS G fife i /e 12 4
TR i BT ARIRR O3 U ) S )

Fig2 Effect of different concentrations of Mn>* on biomass,
lipid contents and citric acid secretion in Yarrowia lipolytica
T ANFINE 2 [R) —F8 bn A [ e B 22 1)

ZE5 W, P <0.05; 18 2~ & 5 [A].

B S T Cop 41 HE L ] A>T Cogy . Cop, 21
bl AH 55 e B A B 22 1] JC R, Co” ™ 2 75 3 A<k ) 11
A9~ g 5 P2 2% 1 A1 i BELAS A9 Az b XU 18 T2 i, 17T i

% Cror Co) ZHIL LA FERIFTE

LR 43T, Co™ ™ 00 i HIS i A 19 1 110 2B I, (IR
J# Co™" (0.5 mmol/L) il g B R B 345 43 Wb AT —
FE PR BEVE T, M B AR T (=1.0 mmol/L) XA 45
PR 53 A A W S e T 28R 5 Co® 1 S IR 2 4 ) g U
W i B Tb SO AR DT R 5 1 R R

3 IS Mn® % HIS FC AR IE B A 10 R 4 A 1 52 i

Table 3 Effect of different concentrations of Mn®* on fatty acid profile in Yarrowia lipolytica

Mn®* ¥ g N W5 R AL (% )

(mmol/L) C]«s:o Clﬁ:l CIX:O Clx:l CIS:Z
0 16.92 +0.65" 6.00 £0.34" 14.25 £0.51" 5534 +0.81" 7.49 +0.40°
0.5 16.16 +0.78" 6.46 +0.57" 12.32 +0.34* 55.56 +0.61" 9.49 +0.53"
1.0 17.36 +0.39" 5.44 £0.53" 15.03 +0.68" 54.15 £0.47° 8.03 +0.65"
15 16.29 +0.42" 5.30 +0.68" 13.83 +0.52° 57.01 £0.52" 7.58 +0.49°
2.0 16.76 +0.69" 6.11 £0.79" 13.35 +0.49° 55.68 +0.47" 8.10 +0.31"
25 17.35 +0.49* 4.88 +0.13° 15.68 +0.37* 54.50 £0.85° 7.58 £0.23°

92 20204 51047



@ét“ﬁfﬁl

1 m 5 ﬁ Vol.41,No.10,2020
Fd RIS Co™ ™ Xob HI FC AR AR TR RE AR 1 i 41 1 1Y 5 1)
Table 4 Effect of different concentrations of Co’* on fatty acid profile in Yarrowia lLipolytica
Co™* e i N AR AN % )
(mmol/L) Ciso Cie1 Cis:o Cis:y Cis:a
0 16.92 +0.85° 6.00 £0.34" 14.25 £0.51° 55.34 +0.81° 7.49 +0.40°
0.5 2042 +0.77° 2.20 £0.24" 27.02 £0.79°¢ 38.14 £0.59¢ 12.22 +0.51"
1.0 20.10 £0.69* 0.56 +0.56" 27.45 £0.23° 39.22 £0.61" 13.24 £0.59°
L5 18.24 +0.49" 0.78 £0.78° 31.37 £0.43" 38.04 £0.47° 12.35 +0.62"
2.0 18.41 +0.57" 1.95 +£0.34° 32.57 +0.44" 35.40 +0.69* 11.68 +0.58°
20- C1810 \Clgil l_ﬂ Cl812 B@%{t&/&*ﬂ%ﬂﬁ?#%%o
1e] LA ST, Cu® % IS A 6 A 1028 A 5 L
14 : A7 WY AR AR T, ARG B A5 TR ) v iR AR R Ak A
MH}(Z)_ PR30 B4 52 Wi A T S, e R PR G PP A S R e W I
o 8 FrER(g/L) BRI o
6 | | B L) 16
Ol 2 (%) 8
4 14 .
3 . 24 2
0 0.5 1.0 1.5 2.0 10 4
Co?* ¥ J5% (mmol/L) 5& g/ b b N
3 RTINEE o RPISIG MR FR ) B a1 i
SIS 1 SR S B 41 a i <oN et
Fig3 Effect of different concentrations of Co’* on biomass, 3

lipid contents and citric acid secretion in Yarrowia lipolytica
223 Cu’ X HISEC i Jig 17 B 7ih i A B8 e SAT A2 R 4
W EE o XA i RS IR A iR 7 B
AN [ AT, 71T 7 M E A Cu®™ (> 1.0 mmol/ L) fE
8 5¢ 2 100 1) 1 R A B AT ASE R B 3, TG R JEE BY
Cu®" (<0.5 mmol/L) X JH Ii§ & & FHAT B2 IR 43 16 JC B
S AR L H S R Y Cu® (1.0 mmol/L) h) & 3¢
s 2L A T, JH i iR AR SR B AH LT X IR AT R
T 94% , CHEA I T HE QAR I EE B IR AL R 5 1]
ISR 3 M T L 8 58 A il (181 4) o BIFEHR IS
fE RIS T, by Cu® ™ BB ) T AT A R 1 43 0,
e T AR R, W R, R EE T G’ &
IRANH T Aspergillus niger A FIFT IR 531 , (H 2
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Fig4 Effect of different concentrations of Cu’" on biomass,
lipid contents and citric acid secretion in Yarrowia lipolytica
2.2.4 N b HIS ECfige G 19 1 9 Al AR B3k Ry AR R 43
ARSI AN S NG X HIS A IR T R A K A
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Table 5 Effect of different concentrations of Cu

>* on fatty acid profile in Yarrowia lipolytica

Cu* " e fir A W5 R AL A% (% )
(mmol/L) C16!0 C16=l CIS!O CIS:I C18:2
0 16.92 +0.85° 6.00 +0.34° 14.25 +0.51" 55.34 +0.81° 7.49 +0.40°
0.25 12.94 +0.47* 8.07 +0.31° 6.89 +0.35" 60.50 +0.47" 11.60 +0.53"
0.50 10.94 +0.30° 9.01 +0.69" 5.36 +0.28" 59.87 +0.59" 14.81 +0.48°
0.75 22.34 +0.79° 8.80 +0.32° 4.86 +0.47° 30.18 +0.34" 33.82 +0.14"
1.00 20.38 +0.46" 10.68 +0.45" 3.81 +0.43° 23.31 £0.46° 41.81 +0.29"
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Table 6 Effect on fatty acid profile in Yarrowia lipolytica under different concentrations of Ni**

Ni** e piE R LA (% )
(mmol/L) Cis:0 Cie: Cis:o Cigy Cig:n
0 16.92 +£0.85° 6.00 £0.34" 14.25 £0.51° 55.34 £0.81° 7.49 +0.40°
0.25 15.20 £0.59" 6.23 £0.76" 12.11 £1.22" 58.24 £2.10" 8.22 £0.86"
0.50 13.55 +£0.66° 6.50 £0.83" 10.03 +1.34° 59.35 £2.22° 10.57 £0.99°
0.75 11.64 +0.49" 741 +£1.04° 7.94 +0.94° 64.55 +2.85" 8.47 £1.28°
1.00 9.86 +047° 7.04 +1.00° 6.57 +0.78° 67.14 +1.90* 9.39 +1.35"
164 a 8809-8816.
14 [3]Xue Z,Sharpe P L, Hong S P, et al. Production of omega-3
ié | 2 . . 3 eicosapentaenoic acid by metabolic engineering of Yarrowia
I lipolytica| J ].Nature Biotechnology,2013,31(8) :734-740.
&2 2 N *T%@(g/L) [4 ] Imatoukene N, Verbeke J, Beopoulos A, et al. A metabolic
ol b ;%%f%&z)) engineering strategy for producing conjugated linoleic acids using
) the oleaginous yeast Yarrowia lipolytica[ J ].Applied Microbiology
0 and Biotechnology,2017,101 :4605-4616.
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Fig.5 Effect on biomass,lipid contents and citric acid secretion
in Yarrowia lipolytica under different concentrations of Ni**
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