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Effects of carbon/nitrogen ratio (C/N) on the arachidonic acid
accumulation in Mortierella alpina
GU Xiaoying'*, JIN Na', FU Xiaoping', LI Lingfei'

(1. College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201, China;
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Abstract: In order to investigate the effect of carbon/nitrogen ratio (C/N) on the accumulation of
arachidonic acid ( ARA) in Mortierella alpina, sodium nitrate ( inorganic nitrogen) and urea ( organic
nitrogen) were selected as the representative nitrogen sources, and M. alpina was fermented at the C/N
ratio of 40: 1, 20: 1 and 10: 1, respectively. Changes of dry cell weight (DCW ), residual C and N
contents in broth during fermentation were measured, the composition and contents of fatty acids in
mycelia were also examined by GC — MS, and the correlation analysis of Pearson was carried out between
each index. The results showed that with sodium nitrate as the nitrogen source, the DCW (6.42 ¢/1.)
obtained under the high C/N condition was significantly higher, which was 2.3 times of that obtained
under low C/N, ARA production (0.21 g/L) was also higher, and ARA production was significantly
positively correlated with DCW and N consumption under the high C/N condition. With urea as the

nitrogen source, the higher DCW (18.2 g/L) was
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obtained under the low C/N condition, but ARA
production was not higher due to the low ARA
content in mycelia. Moreover, under the same
C/N condition, the DCW and ARA production of
mycelia were much higher than those with sodium
nitrate as the nitrogen source. With urea as the

nitrogen source, ARA production was significantly
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positively correlated with DCW, C consumption, N consumption and total fatty acid content under

different C/N conditions. In summary, organic nitrogen was more beneficial to the growth of M. alpina

and ARA accumulation than inorganic nitrogen, and the medium C/N of urea was more conducive to

increase the production of ARA(0.99 ¢/L).
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KH,PO, 3 g/L,NaNO, 3 g/L,MgSO, - 7H,0 0.5 g/L.

PURE AR, AL C/N HEFRE(C/N 10: 1) BLfy
I 47.86 o/ L JRZE 4.29 ¢/L KH,PO, 3.8 ¢/L.
MgSO, - 7H,0 0.5 ¢/L;H C/N K555 (C/N 20:1)
Bt 5k A b 48. 93 o/L JRZ 2. 14 g/L KH,PO,
3.8 ¢/L MgSO, - 7H,0 0.5 o/L; & C/N R #
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¢/L KH,PO, 3.8 ¢/L MgSO, - 7H,0 0.5 ¢/L,
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20: 1) Bf 7 0 % &5 1% 50 ¢/L. NaNO, 6. 07 g/L.
KH,PO, 3.8 ¢/L MgSO, - 7H,0 0.5 ¢/L; & C/N £
FH(C/N 40: 1) Bt 5 R i1 50 g/L NaNO, 3. 03
¢/L. KH,PO, 3.8 g/L MgSO, - 7H,0 0.5 g/L,

FIEFRE PV C FTRERRER N 20 ¢/L; & .
H R C/N S MR EFRIE N R WRE S 518
0.5.1.0.2.0 ¢/L,

i F3E R R &N 50 ml/250 mL, & FERE
A E N 100 mL/500 mL,115 °C K& 15 min,
1.2.2 M. alpina X EE5LE6

TCHEPRECD 2 R T PDA REHEIEE SR E A M.
alpina B2 B3 TR 53R 5 v FE AT A 5T 0%
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Gl E TANE C/N B35S EH,20°C (175 r/min
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& ARA FE 81T Pearson FHIEMEMHT
2 #BR5IHR
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TAkE12 d,DCW &, N 6.42 ¢/L, 2k C/N &
R 2.3 15, AT IRV TR B (R & C/N 2%
) A FIT AR A, TR IR AT B AR vk P AR R B A
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[
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e B2 a)/d

E2 WBRHARE,FE C/NEGETRE
% BERTiE & B2k C 8

B & 2 AT 0L ARHER o AR, K BRI 16 C
TEMF (20 ¢/L) (HE C/N KR E 5k C B
X, &M C/NFFT M. alpina JEFER R Y
C;HHF R BT, & C/N BE 3R 5 C {HFAERE &
KO EUREH C/N; REEZSRET, & o K C/N &
T REER R C &40 10.68 13.81 .16.05 ¢/L,
Bl C J4FEE 454 9.32.6.19 3.95 ¢/L, & C/N
ZUETH CIHFER 2K O/N KT CIHFEEM
2.36 5, 2 C/N &M T 1.51 /5,

2.1.3 R[E C/NXF N JHFEE R (ILE 3)

HE 3 7] 0L, LIRS ER 648 &R, M. alpina () N
HAEE S KW PRIt N REEAHSC, FEE KB
BRI IER , m C/N R T ABE SR N &= T [
B, KRR C/N &M THEEN NAEFEER, KB
GEHRET,BENRET REBEWRT M N RFER, &,
H R C/N & T EBER 5 N 47510 0. 21,
0.83.1.88 g/L, Bl N J4#E&E4>5140.29.0.17.0.12
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WIFE19.13% ~33.77% Z 6], KEE9 d #0112 d B,
PR C/N 4T ARA HUB TR G2 2257,
B C/N T, ARA LU b6 & B2 AT B) 1E 4 2 IR F+
ET G AR A e, BB 6 d iF ARA Hfl &, M
33.77% . 15 K C/N 54T ARA 1 b6l & e Bsf
[ IER A Gt 225
2.1.5 °R[A C/N Xf ARA P=& 15200 (LA 6)
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R EIF Rl

6 FEMATRIE, RE C/NEETAE
R EERTE] ARA (7= 8

B & 6 7] UL LUREER 0 AR, C/N Xf ARA 7=
B 5% DCW 9520 —30; ARA 7= &2 Ff X B
B[] ) S R T R, A R R R B T ARA F= & Y
P KE C/N>H C/N>K C/N, k12 d, 5
C/NZ&F ARA =8 40.21 o/L, 29 C/N &4 T
1) 1.75 £, 2K /N X TR 4. 67 15, LITHEREH
HNAEE, = C/NAFT M. alpina KEEH T ARA, £

Y Gmetn T C/N M TR DCW 7.
E5 mWEMARE,FE C/NEZETARRE 2.1.6 R[E C/N &4 F & 455 2 |8 i) Pearson #H
K ERTiE TFA tf ARA 9 EE i LRB(WFED
I 4 AT 0L, LAREER 84 BIR M. alpina TR
F1 DRHEEHARBERAE C/N £4T&EEZ B Pearson X RE

C/N % ZgE DCW CiH#E= N JHFER TFA & & ARA F= &

& C/N DCW 1 0.537 * 0.904 s * * -0.286 0. 688 =
CEERE 0.537 = 1 0.387 -0.392 0.200
N & 0.904 s s = 0.387 1 -0.336 0.574 «
TFA &8 -0.286 -0.392 -0.336 1 0.118
ARA 7§ 0. 688 = 0.200 0.574 * 0.118 1

Fr C/N DCW 1 0. 853 s s * 0.913 s % -0.057 0.508 =
CiHftE 0. 853 = # * 1 0. 880 s = -0.009 0.539 *
N HHEE 0.913 s 0. 880 = = * 1 -0.430 0.384
TFA & & -0.057 -0.009 -0.430 1 0. 620 =
ARA 728 0.508 0.539 = 0.384 0. 620 = 1
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O/NZFIF TR DCW CiHfER N JHFER TFA 5 & ARA =&
/N DCW 1 0.623 = 0.731 s 0.173 0. 603 =
CIHFER 0.623 = 1 0.622 -0.222 0.155
N AR 0.731 %% 0.622 1 0. 069 0.491
TFA & & 0.173 -0.222 0. 069 1 0. 785 # x
ARA =& 0. 603 = 0.155 0.491 0.785 # % 1

ij_:‘ *P<005, **P<001’ # %% P <0.001, Tﬁo

B 1Al 0L & i C/N &K DCW 5 C
THAERE M N HAERE 2 & EAH5C, IR H, # Ik C/N
T CIHFER S N IHFEE N 2 B 35 B¢ TFA
H&'5 DCW CiHFER N HFAEE T B B & .
B Ik C/N Z4 T, ARA P25 DCW £ B EIEAHX,
Pearson #H5& 28047524 0. 688 0. 508 £ 0. 603 ,

b LSRR AR, BARE P O/N &
Bk TFA & 8 ARA WA KRE B EER,
BT & C/N ZM4 T DCW f i, it ARA P2 &
o HIFHEREERENENAZMET, M
alpina 1] C EFERHAR, MARA R C (LB 2 M.
alpina WJHELEF R, T M. alpina HERAREHE M
MACE YR R B A .

2.2 WRFHRR, AR C/N FMT 0L 8 L5
2.2.1 A[E C/N XK A (WA 7)
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6 9 D
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B7 REARE,AE CNEZETAE
BRI E R E

B 7 0] WL Bl & BT R A RE S | [R)— & AT
B AR[E C/N &4 F DCW 2 5% K KB 3 d
6 dit, & C/N LT DCW ZF A K; k12 d
BFL I C/N &4 T DCW B & & T & C/N &4
T, h18.2 ¢/L, Z5&E 1 AT L, LLRE N AR,
DCW BB = T LIRS ER 4 AR
2.2.2 A[F C/N X C{HFER R (DA 8)

HIE 8 AT UL R EE 12 d, REEWRH 1) C B RAE
R,m /N EMHTRBER TR C 8 45 9.55 ¢/L(K
R wIG C S EAEE, % 20 ¢/L) B CiHFEE
$710.45 g/L,C {FEE K 52.3% ;91 C/N 5T 5%
CEH4.53 g/L, Bl CI4#ER N 15.47 o/L,C J4%E
BN TT.4% % C/N 4T3k C &4 4.39 ¢/L, B

CHFER N 15.61 o/L,CIHAERN 78.1% . K5
WO dA 12 d),H K C/NZHFT CHIH~ERE
ERETE C/NFEF,

) %‘g/N =7C/N 2{KC/N
18| abab be

6 BCE 12
K] /d

-

REARR, AE C/NEZHTARE
KEER B R Bk C B

ANFE C/N X N JHFER A (ILIE 9)

~ NYEC/N BHC/N BIKC/N

2.2.3

—_
9]
T

K FEM TN/ (/1)
=

o
n

] 6 9
S e ] /d
REARIE, AE C/NEZHETRE

KB EAZBERZNE

HE 9 B I, AR C/N G5 ™ RER iR N &
W & B B[R] A A 2R R R = C/N /T, R
WHE N TE9 d BIIEFEFR R 1 C/N &4 T BB
9 dBf, REEW 5 N (UK 0.1 o/L, KBS
(12 d) BF N JE#EZE Ny 92. 5% 5 ik C/N Kb LB
12 d B, 5% N &4 0.65 ¢/L,N JHFERL N 67.5%
2.2.4 °R[E C/N XfHE{RH TFA 5 & ARA i
A2 (DL 10 & 11)

B 10 mT 0L, DAFR 25 0 AR, Bl & B B 1) ) 28
K, B RH TRA S8ARWIE I, [R— KBRS, &
H C/N &4 T RS TFA & &8 & TR C/N &
1 REEZS R BT C/N &4 FEEH TFA & &1k
305 mg/g (T 3). #hm.H C/N ZKHEFEFT M
alpina F12E TFA

&9
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R )/

E10 REAIRR,FE C/NEZHTARE
RERMBEEETH TFA 28

40 NEC/N =he/N B{KC/N
L abe ab

12

ﬁ%wwﬁ
11 REAEE,FE CO/NEGFETRE
& BERt1E TFA i ARA L6
HE 11 AT, DURZE A AR, TFA H1 ARA H 4]
TE20. 67% ~34.32% 2z [a], [ & B IA] B9 2E K,
R C/N N E A ARA B 2 BUAH R 1Y)
A, BIERE3 d BF ARA S &E& K, N6 d &

ARA FRIGI¥ 25 . & KB AL & B
fif C/N & T ARA WP TESETT 25 . KL
REFZNRIE, AR C/N ZAEXF B R ARA # L

JLF TR
2.2.5 AJF C/N % ARA =& (WA 12)
i"z‘ [ SE5C/N BEHIC/N EHIEC/N
3 1o}
3 08f
£ 0.6
<
&= 0.4
0.2t
0 R\ =
3 6 12
oA AN
E12 REARE,AE C/NEETARRE
AREEETEA ARA F=E

HIE 12 AL, URZ A AR, Hh C/N R F
F M. alpina 7= ARA, KEE3 d M6 d B, & 5,
ik C/N &M T ARA P BIREGIT¥ER . K12
d B, 71 C/N &/ ARA P2 &4 0.99 o/L, B &R
T MR C/N &t XEHE 6 RILLE S, LURE N
AR, ARA PRI B & T LAERR A AR
2.2.6 A[E C/N A4 F %72 & Z [8] [ Pearson 1
KEF(NFE?2)

F2 UREARBERARRE C/NEETEEEZEHR Pearson 185K R &L

C/N &% T DCW CiHfEE N HFER TFA & & ARA 7= &

& C/N DCW 1 0.672 = 0.648 = 0.507 0.697 * *
CiHFEE 0.672 1 0. 866 = * 0.603 * 0. 806 * *
N JHFEE 0.648 = 0. 866 * = 1 0.461 0.709 * *
TFA & & 0.507 0.603 * 0.461 1 0.929 = % =
ARA 7= & 0.697 * * 0. 806 = = 0.709 = * 0.929 = 1

Fr C/N DCW 1 0.601 * 0.685 * 0.921 = 0. 878 = = =
CiHFfEE 0.601 = 1 0.607 * 0.499 * 0.604 =
N JHFEE 0. 685 = 0.607 * 1 0.651 == 0. 778 s % =
TFA & & 0.921 s * 0.499 = 0.651 * * 1 0.941 = % =
ARA =& 0. 878 s 0.604 * 0. 778 s % % 0.941 = = 1

ik C/N DCW 1 0.576 = 0. 650 = * 0. 800 s s s 0.736 * *
CiHfEE 0.576 * 1 0.631 = * 0.587 * 0.587 =
N JHFEE 0. 650 = * 0.631 == 1 0.588 0.566 =
TFA 58 0. 800 = = = 0.587 * 0.588 = 1 0.922 s
ARA =& 0.736 * = 0.587 = 0.566 = 0.922 s % % 1

MR 2 AT, URZEN A, & p R O/N &
f+ T DCW 5 CiH#ERE N IHFE R 2 B H IEMX,
AR S IR FIR A — 3. S REER NN R Y
&, LURZENRIE, K C/N FF T TFA 85 C
IHFERM 2 IEA R, RUTHAER C —&F0l 2 =ik
AR, 5 — AR M A I A AR R TFA, 7EJRR
AR F C/N T, TFA &85 DCW JEH] AR

S, TS C AR 2 B E EMHX, RS E kAL
FNPUREHE T BlR A RKREBEERNERK, LB
WRIEFER C KB TFA FRE®E"

ML URE AR, B /N ZEF R TR
M. alpina ) ARA 728, BIRFEE K BN ] HOIE K,
i C/N & F M. alpina 9 4 K 1 # 7% # ™ &
(DCW ffm ), HEEE AR TFA 525K, ARA HH
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WAL, FECARA P BER; BRH &/ C/N &MF
THEfAH TFA &8 K ARA HfA BEES,H
WEE KRR AE R ,9 d B C/N &0 KRB
R N BB, I TR K, AT ARA 7=
B

3 & ®
AR E T AR RE AR C/N ZMHT M

alpina {9 A KRB A AR B BR AR 22 704, AR T C/N

Xt M. alpina B ARA =& BB . LLTCHL AR

BN AR, & C/N ZME T M. alpina KEEH

ARA,[BAYEM ARA P EIZR T UAAHARE N

RIERY ;s URER BRI AR C/N Z TG T8

[ DCW , {Efik C/N Z& M FE A H TFA & &1 ARA

LU, fi ARA =B R . ABFERIA LA E

BHT M. alpina BEERKF ARA FFRE, DIRE

AR TEH C/N M T ARG Y ARA 7 &

SE 3Lk

[1] LU J, PENG C, JIX]J, et al. Fermentation characteristics
of Mortierella alpina in response to different nitrogen
sources [ J ]. Appl Biochem Biotechnol, 2011, 164 (7):
979 -990.

[2] NISHA A, VENKATESWARAN G. Effect of culture
variables on mycelial arachidonic acid production by
Mortierella alpina [ J]. Food Bioproc Technol, 2011, 4
(2): 232 —240.

[3] WANG L, CHEN W, FENG Y, et al

Genome
characterization of the oleaginous fungus Mortierella alpina
[J/OL]. Plos One, 2011, 6 (12): 283192020 - 01 -
13]. http://doi. org/10. 1371/journal. pone. 0028319.

(4] TRLAVR NI, B, = LT B R B A 7= A AR IO RR 4%
HRIBFFEL )], AR RHE, 2009, 34(2) : 35 -38.

[5] STRESSLER T, EISELE T, ROST J, et al. Production of
polyunsaturated fatty acids by Mortierella alpina using
submerse and solid state fermentation [ J ]. Chemie
Ingenleur Technik, 2013, 85(3) . 318 —322.

[6] JANG H, LIN Y, YANG S. Effect of culture media and
conditions on polyunsaturated fatty acids production by
Mortierella alpina [ J]. Bioresour Technol, 2005, 96(15) .
1633 - 1644.

(7] ACHS, MRt 55, A2 1 , 4. 5 LU B 3 A 7 2 NI A i
AR R B A R OF ST e JR [T ). & Tk B4, 2014, 35
(5): 354 -359.

[8] GUX Y, FU X P, LI L F. Effect of temperature and
agitation speed on fatty acid accumulation in Mortierella
alpina[ J]. Int J Agric Biol 2018, 20(10) : 2319 —2324.

[9] MILLER G L. Use of dinitrosalicylic acid reagent for
determination of reducing sugar[ J]. Anal Biochem, 1959,
31(3); 426 —428.

[10] BB, B RE, £, % X - HEERTE T 6550

SEEEEA I K E R HHMERR L] Rkl k¥
¥4k ,2011, 42(8) . 87 -92.

[11] LIU B, LIU J, SUN P, et al. Sesamol enhances cell growth
and the biosynthesis and accumulation of docosahexaenoic
acid in the microalga Crypthecodinium cohnii [ J].] Agric
Food Chem, 2015, 63(23) . 5640 —5645.

[12] SAMADLOUIE H R, HAMIDI — ESFAHANI Z, ALAVI S
M, et al. Expression analysis for genes involved in
arachidonic acid biosynthesis in Mortierella alpina CBS

754.68[J]. Braz J Microbiol, 2014, 45(2) . 439 —445.

E

Fr I IE |

L ZRTCP EAE)2020 4255 45 4555 3 111 68 ~73 T%% 97 TURY“ &E1E LM & 4 2 3 H 20T
" —3C, F 4T HE IF oy BRE A A% (2019YFD1002400,2019 YFD1002402) "

2. RET(HEMAE)2020 5 45 B4 7 ] 93 ~96 TRy RFE LZ A BRT B & B 597 i i
97—, B4 B IE o E R E S A (2019YFD1002400,2019YFD1002402) ™

3. ZFRT(PEMAR)2020 4555 45 55 10 ] 73 ~ 76 TUAY A il i IS /K R & o — AR A9 T2 0F
FO"— 30, FHANE ST E 40 B B Wi O TR I E (17A174)

1E

(o B g ) % 43R
2020 -11 -16




