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Physiological Mechanism for Enhanced Cyclic Adenosine Monophosphate
Biosynthesis by Sodium Nitrate in Arthrobacter sp.CCTCC M2013431

LI Zhi—-gang'? /GU Yang’ , CHEN Bao-feng’ , WANG Bao-shi’ ,ZHANG Zhong—hua’ , CHANG Jing-ling'* *

(1.Collaborative Innovation Center of Modem Biological Breeding of Henan Province, Xinxiang 453003 , China;
2.School of Life Science and Technology , Henan Institute of Science and Technology , Xinxiang 453003 , China)

Abstract: Objectives: The aim of this study is to elucidate the physiological mechanism for enhanced cyclic adenosine
monophosphate biosynthesis by nitrate in Arthrobacter sp. CCTCC M2013431. Methods ; Firstly, optimal sodium nitrate adding
condition was determined by fermentations conducted in shaking flask and ¢cAMP fermentation with optimal condition was
carried out in a 7 L fermentation tank. Then, fermentation kinetic parameters, nitrate utilization, reducing force level, key
enzymes activities , intracellular amino acids levels and energy metabolism were analyzed.Results: Due to the addition of 3 g/L—
broth sodium nitrate into fermentation broth at 24 h,cAMP concentration and yield on glucose achieved 5.02 g/L and 0.097 g/¢g,
with the improvements of 22.7% and 29.8% , respectively, when compared with those of control. Activities of glucose —6—
phosphate dehydrogenase were improved greatly by lower NADPH levels caused by plentiful consumption during nitrate
reduction process, meanwhile, the metabolic intensity of glycolysis pathway was weakened while activities of key enzymes in
pentose phosphate pathway and tricarboxylic acid cycle were significantly increased.More carbon flux was directed into pentose
phosphate pathway and purine synthesis pathway for cAMP production.In addition, intracellular precursor amino acids levels,
NADH/NAD* and ATP/AMP ratios were also enhanced greatly by nitrate which supply sufficient energy for cAMP synthesis.
Conclusion ; Nitrate utilization consumed redundant reducing force which changed the distribution of metabolic flux among
different pathways,and improved intracellular amino acids levels and ATP synthesis, then cAMP fermentation synthesis was
promoted greatly. The physiological mechanism of nitrate for enhanced cAMP biosynthesis provided reference materials for
nucleotide fermentation production.
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il 245 4 AT Ak 2 1 A BIR 2N ) 5 6 — Bl 192 4 2 W M S g
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1222 GHERIRASINT L KPEREL WL At
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PENR A ESC e 58 1.2 3 4 f1 5 g/L—broth %5 5 4~
ANEGINE AN 0,16 .24 F1 36 h 25 4 A4~ [&] 4% i st
[a], it 20 DSARFH G, HAHEE 3 S PATIRE .
1.2.3  FHRillE

1.2.3.1 U BEE (ODy, ) FIE A&+ 5 ( DCW) il
RE PR EE SR FH O B R I A, A T VR R RIS Y
58, 76 600 nm I 0 W S B, T I £ (E 3 LA #
BERTERD SR OD g 5 P AT 538 32 3¢ = 20 DCW (/L)
=0.46 x OD, 13875,
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Table 1  The effects of sodium nitrate on ¢cAMP fermentation production with different addition time and amounts( g/L.)
Nt PRI E] (h)
(g/L~broth) 0 16 24 36
1 2.68 +0.13" 2.73 +0.10° 2.98 +0.16° 2.86 £0.15"
2 2.83 +0.12" 292 +0.16" 3.32 +0.22" 3.17 £0.24¢
3 2.88 +0.16" 3.23 £0.21° 3.58 £0.13" 337 £0.21°
4 292 +0.15" 3.17 £0.18° 3.43 £0.16° 2.86 +0.13"
5 2.90 +0.12" 2.87 +0.13" 3.28 +0.23" 332 £0.15°
X 1R 2.62 +£0.14° - - -

T /NG TR S0 IR s 5 A /N T 0.05

MR FELRIN A2, BT CO, & BTN AEL
M E o
1.23.5 NH,; —N.NO, —N Hfl NO, —N & & iy
R NH, —N RN — K &R Eh L kBT 2
FLART B SR s NOS = N SR /K 4 R 2 =2
NO, - N R A ZE & b a3k 3647 I &, B A&k 0S¢
RL17] .
1.2.3.6 4N ATP AMP NADH F1 NAD * ¥ 351 o2
5 mL R, 75 4 °C .9000 r/min 5514 F & 0>

10 min, Frf8 B AR T W A AL FE 2 min, {40 J0 G 5T
WA f5= 1k T PBS 22 b YR P U 40 I TR X, o1 R A2
£ 5 mL ) PBS 28 Wi v, vK VS 25 140 M8 75 I il e
10 min, #7753 5,155 s, 7F 4 °C,12000 r/min &4 F
50 15 min, FYEUWH 0.22 pum LA Y U85 U85 157
M, ATP  AMP R FH & R0 A €038 25 aE 470 2, B4
k2 WL 3CHk[15] s NADPH 5 NADP* ¥k B % A i
F AT RE , A Ty I A5 R 4 PR U B A5 i34 7
1.2.3.7  SCHERGIS MR B 6— Bl 10 A1 45 b8 e &0 i 105
PSR PG B R AT I 2, A Ty ik R A B 4 IR 16 B
BFAT 5 FEATAE TR 5 ST L T T R U5 S e RN % 0 I
P2 5 % P i P T S g vk 2 DL SRR (18], L i UE DA
U/ mgfE HEIR .
1.2.3.8 M EAMENE RS DW= gk 6k
W
1.2.3.9  JMaNZHERUEN E  FEAE B8, 4
HIEL 50 mL & PEER ,12000 x g B5.0> 10 min, i FH 8 4i
IKPEUE 2 IR AR EEE T 1 mL 10% (w/v) I =524
g ,37 °CHiE 10 min, 2388 15 min, 12000 x g Z5.05
10 min [5% 25 40 Mo 6, LV 48 0.22 m 98 IR 5 98
Ji ! R Waters 28 F)JF & 19 AceQ—Tag 3E47
RE BRI VR N A B UGB R T
1.3 #iEaE

PR S vh B AR S E = AR AT A, R R
B RS0 58 B BRI g & TR 48 A B A AR T =
W, FH Excel #4780 485 40 31, W A Origin 8.5 F {4
TEE .
2 #R5ITE
2.1 FHEBMRERMEESRNENHE

TE 250 mL HEJEIR A #E4T T BSINGEBR A1 cAMP
REWESZIS: , LAy 1) e )3 Ry 48 B o 22 e A S i B[R] A0
WHEL, UnER 1 s, Al 19 69 948 0 R s i B ] X

cAMP J7 iR AT R WA A 52, 24 h B39 3 g/ L-
broth iR cAMP ¥ J& ik B e =11 3.58 g/ L, LX)
MR T 36.6% , 5 HALLH G 25 MFAH L B A 35 22
o P KE 24 h 7500 3 g/ L—broth fif BRAM A X2 2 e
AERAVE S R T L R IRERE BT R S50
2.2 THERELX 7 L ZEREE cCAMP L EEMERERI AN

TE 7 L AU P X B RE L HEAT 1 S NS R B
B A S 6, U IR 8] 2 24 h, Bni o 3 ¢/L—
broth , B #AE 264 5 X BRI — 3, anlEl 1 o,
ISINAHBR BN A BEHE U B cAMP 287 iR 5] 5.02 ¢/L,
HEXT REHE R B 28 T 22.7% |, 111 45 2 Wi s A T A — 5
BER R B, cAMP XA 2 B 953053 T 0.097 g/¢g, b
XFRESRE S T 29.8% o 1EREEH S (36~60 h) , X e
HE Y796 1 38 B S AR08, PR G i w AR 2, g
ISR R £ 3 U0 7= W) & AT e D 168 BR , & il L
XFREHE U th 29 1.0 o/ L, A2 2 179109 &5 5
AR X ATRESE th PAR 3 AN A 20 - a i IR $A 11
DR — A S A PR ST, M) A R T RE K TR s I )
(NADPH 5% NADH) ,—E B2 8 Esgm 1 A ng A= 1<
A A AR s b 5 ) BT FEZE i T NADPH X
6 — Tl 1R 7] e Wl ot 2 T 49 52 5t 400 o A ok Y B 22 1)
P E 7 & R AL 5 . i I ) BT AR EUE R 1 ( &
PR AFNZL IR ) & MR IR R [, NI $2 & 1 ) 19 5% 1k
o WE 1C AR, PR R pH 2 5 I SERESE T
L TE 36 h S BRI IR Fh AL ey pH [ 53 EE B
PR REAIE U, AT BILIR 5 ol ek vk 20 a4 4 ot A4
PR pH BGE [ TF . ERINAE R Eh IR B AR €O,
A T Ak s X BRSO (IR 1D, 3 I B AR g A Qs
PEAS 2 B 55

T35, P U OB RS R EETE 40 h 5 KR )|
0.2 ¢/L LIF, HIEARBE A ML, cAMP 238 i M Sk 5
JGEFR AT A B . cAMP 4 M Sk B il 72 0 I F|
TR firp - T P MR 2 A2 [R) #3720 B RE 36 2 LA
R o LR AL VL A5 [R) RS, DALt , mT LU DA R 5k ) AR
WA SCHE B AP 1A ATP AR fE R (21
FLP A A5 T AT P B G R SR 2 2E cAMP 5 il i) A= Bl
HILH
23 MHEHRXENHEIMENERERHEKTN
20

ol 2 ) P i 1 5 B, Sl e i PR i o D T A
HHAL NO,; — N, 75 f SV Al iR £ 30 Jit Bl A6 2E i
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Fig.1 The effect of sodium nitrate on cAMP fermentation performance
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