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Effect of drought stress on succinic acid biosynthesis in
Cynanchum thesioides
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Abstract :[Objective] This paper studied the effects of drought stress on succinic acid biosynthesis in
Cynanchum thesioides to provide basis for development and utilization of succinic acid. [Method) Succinic
acid content and enzymes activity of succinic acid biosynthesis in roots, stems and leaves of C. thesioides
were measured and analyzed under 4 different drought treatments including control (soil water content was
65% — 70% of the maximum field water holding capacity (24. 44%)), mild (45% — 50%), moderate
(25%—30%) and severe (5% —10%). The changes of various indexes were compared,and the correlation
between succinic acid and its synthetic enzymes was analyzed. [Result] (1) Succinic acid was distributed in
leaves,roots and stems of C. thesioides(Freyn) K. Schum. and C. thesioides (Freyn) K. Schum. var. au-

strale (Maxim, ) Tsiang et P. T. Li. In the former, the order was leaves>>roots>>stems, while in the latter
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the order was leaves™stems_>roots. (2) With the increase of drought stress, the contents of succinic acid in
C. thesioides leaves and roots first increased and then decreased with the highest under moderate drought
stress. (3) The activities of a-ketoglutaric dehydrogenase (o-KGDH) , succinatethiokinase (STK), succi-
nate dehydrogenase (SD) and glutamate decarboxylase (GAD) and contents of y-aminobutyric acid (GA-
BA) in C. thesioides leaves were the highest under severe drought stress. (4) The correlation analysis
showed that there was negative correlation between succinic acid and activities of GABA and SD in leaves.
[Conclusion]) Suitable drought stress improved the accumulation of succinic acid in C. thesioides. Tricar-
boxylic acid cycle (TCA) was the main process for biosynthesis of succinic acid under mild and moderate
drought stress,while GABA shunt dominated under severe drought stress.

Key words: Cynanchum thesioides (Freyn) K. Schum. ; Cynanchum thesioides (Freyn) K. Schum.

var. australe (Maxim. ) Tsiang et P. T. Li. ;drought stress;succinic acid;y-aminobutyric acid

B2 IAMR (succinic acid, SA)J&— i B 4 U Bk
TR E Y B A ] R A Rl A
R RAET RS RN ES L A s B
WHE =B (Tricarboxylic acid cycle, TCA) 1F ¥
Moy-= BT R AL % B ( y-aminobutyric acid
shunt, GABA shunt) ,GABA shunt #2457 TCA [
HE] ) o B S R L O % S A AN AR . BEE R
B, BE IR A v-E & T R (y-aminobutyric acid, GA-
BAD X AR 49y Wi 137 300 358 30 % 1 o A 49 i 6 1 R A R
TEAEY A5 2 BT S0 5 R 9 19 GABA 5 4
BT AW o 1% = B8 B S B (a-ketoglutaric de-
hydro-genase, - KGDH) fig #% % 1 GABA 1) 5=
A=

T 5 e R IR R A K R R Y
BT 22— ©ORCO ) 2 A A A R
Pl g BOR MY E T R B T g
FIE & AR & B IR G i S [l i 5 5
M A ) A P Tk R AR08 A L T 5 S OK I
0T 5k B A Sk 1 2 TR R AE 0 e Y T 2T
W SV R T RE AT RS BB ET
FEET D A IR (Cynanchum thesioides (Freyn) K.
Schum. ) /& % B L % 20 I8 2 4 5 4 H 7k
APV, 48 8 (Cynanchum thesioides (Freyn) K.
Schum. var. australe (Maxim.) Tsiang et P. T.
LiL ) g MRS IR 0 A2 Ffr, — 35 03 A T op [ R B L 52l
A W 45 [ 58, B A L& L 25 1T b Dokt
KERFFFELZE . HET, & F MR R o
I8 R PAER T R BT YIE S S Dy T L fi
Xt AR BN MR JIN AT 1 B R R 7 1 1 LA e
AR ATH

PRI » AS 306 00 4R 35 AN [ R 2 T 5238 T A
B 3% FA R & i K U B 728 AR A L A A R

458 B A A 22 5 R DT S E R BREATR 19 A K
AR LAY O I S0 A - 52 2 52 i DX b A A LA
LB IAMR (4 T A A A B e A

L ORR ik

L1 Ml 5REsE

Hb A I 22 SR R AR B3 % 290 NaClO
M 15 min, B 3% MLAE 28 O & 20 10 Fh 7 55 A%
H2.4kg +HEP - W EFFEFRAEBEL R 75
2) IR A (B 16 em, 42 23 cm, T4 0. 9 kg)
L AR 8 RLF L FRAE MR E W AE K &2 10 X
M1 i HEAT K 3 AR B, R 4 A A B X IR
(CK) J %% fE (Mild) . H i (Moderate) fl # J& (Se-
vere) 5 38 % 7 - 38 55 K 43 0l 4 ) A R R
[ f5z K FF 7K = (24, 449%0) [ 65% ~T70%, 45% ~
50%,25% ~30% F 5% ~10% , & AL #L 24 4,
VAR KA B — By 4 i e AT vt 5l g, T 6
T 87 A 45 2 1) b B AR T 5 K i A Gk B 4 R
KRG IEREKAR TR R EWTE. BRXTFT
17 : 007 55 F R B Al b 835 /K AR 24 H AR K &
IR o BRI K EEFFLE 5 d 5L I H B
08:00 HEHUEHE 6~8 M7 iy it J 25 i 3= AR i A )
it 5 P A I BR FA R & A [m] IS0 i e AR
K& AR PR 4 W
1.2 MEEERRERZE

M H A X & JK = (relative water content,
RWO IS T5 15 R AR B B i Fy AR i (W 5 8%
H A K ik 5. 2 R 5 AN B Ak I R it e
FBE (W)L 805 80 °C T4 24 h R H T Bt &
W . #FRITHHE RWC,

RWC=W;—W ) /(W,—W) X100%,
BEFAR (Succinic acid, SA) ST EMES B FEFH



%A

G IGEHE L 45 T 5 Bl 2o R TR 3H R 5 B A B R T 139

< ZEU i 7 B, B B R S W (Citrate synthase, CS)
A7 45 R I & 88 (Isocitrate dehydrogenase, IDH)
WEPE I E 2 B Jenner ZE10 Y 7 BE, I 12 Sk R W
(Aconitase, ACO) 7§ 1| & 2 B Navarre 217 iy
I8, o B N R i S B (a-ketoglutaric dehydro-
genase, - KGDH) J Il i€ 2 W Stuart 208 p J5
L BE R B (Succinatethiokinase, STK) 1% ¥
2 IR Kowlum S50 /) J7 1k 35 318 I S0 (Succi-
nate dehydrogenase, SD) & 14 M %€ 2 B Schreiber
L2001 gy ke y- 8 3 T 2 (y-aminobutyric acid, GA-
BA) & & M4 & 1. R 1§ (Glutamate decarboxy-
lase, GAD) 5N E 2 2% Wh AR 5 5 ik -2 3
T & (GABA transaminase, GABA-T) 7§ ¥
W 5E 2 2% Ansari %55 1 5 vk . 3% BB ¥ 9 150 i
(Succinic semialdehyde dehydrogenase, SSADH )
T VR 2 22 22 30 A 0 I ik

L3 HiESH

U Bt R AT Origin 9. 0 BCf 4 BEAIA: &1,
SAS 9. 0 AT RN Tr 2270 H1 - KL Duncan’s i &2
e 22 % O AN [ Ak B ] ) 22 5 35 4

2 R 50
2.1 FEBMEX AR R LB Sk EH

A

HI 2% 1 Al 0. BE % T 5 30 R B R b A TG
AL T R A G 5 7K S 2 2 3 s e 2 i AR Ak
P A R B T SR b Ak PR K B g5 K, X BB R
TR AR 2 T R A AT /. b
A IR 28 B0 AR X 2 K A B T R b B R
5% BEKH BG4 ) R S 2 46,45 Y01 69. 25 %, fE 4%
BET R a3 2w T AL B e T R
[ 36 A B 6 R 2 S OR

®1 TEHETHHRMENHRENSKENER

Table 1 The leaf relative water content in the leaves of C. thesioides under drought stress
# R AR KR %
Name X R CK #2735 Mild 15 Moderate T JiF Severe
HiAEJK C. thesioides (Freyn) K. Schum. 60.30£2.53 b 65.04+1.31 a 60.00£3.13 b 32.29£3.01 ¢
Py We ESEI
B C. thesioides (Freyn) K. Schum. 66.484.00 b 71.74%1.52 a 62.92+3.58 b 20.4448.79 ¢

var. australe (Maxim. ) Tsiang et P. T. Li.

TE < [ AT RO 5 AR AN 6] /NG 57 B 3278 Ak B ] 22 5 1 35 (P<<0. 05)

Note: Different lowercase letters indicate significant difference (P<C0.05) between treatments.
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Table 2 Succinic acid content of C. thesioides under drought stress

T 5 ria n . . g ~ 290 Cynanchum thesioides (Freyn) K.
Drought AR Cynanchum thesioides (Freyn) K. Schum. Schum. var. australe (Maxim. ) Tsiang et P. T. Li.
stress M Leaf Z£ Stem # Root M Leaf Z£ Stem R Root
*fiE CK 558.60+18.16 Bb 268.67+9.51Aa 427.44+16.10 Bb 593.46+7.87 Bb 368.69+25.9 Aa 141.08+6.06 Aa
23 Mild 666.08+20.55 ABa 197.76+17.1 Bb 466.80+7.55 Bb  825.52+57.78 Aa 287.20+15.49 Bb 148.90+7.89 Aa
?Zﬁcrm 839.46410.97 Aa  185.87+15.6 Bb 612.65+11.86 Aa 828.82+12.29 Aa 291.3547.74 Bb  160. 06410, 78 Aa

HJ¥ Severe 375.53+6.88 Cc

215.944+17.74 Bb 208.22416.06 Cc 345.46+12.21 Cc 304.32+8.66 Bb 155.55+5.61 Aa

T« [ SNBSS /NG BRI TE P<<0. 05 KPP T 257 8% SRR KT FERRTE P<0. 01 KFEFEREE.

Note: Different lowercase letters show significant difference at P<Z0. 05 level and different capital letters show significant difference at P<C

0. 01 level.
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indicate significant difference for same organ and species at P<C0. 05 level among treatments, while different capital

letters indicate extremely significant difference at P<C0. 01 level. The same for Fig. 2
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Fig. 2 Changes of GABA.GAD,GABA-T and SSADH in C. thesioides under drought stress
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Table 3 The correlation analysis of index related succinic acid synthesis in leaves of C. thesioides (Freyn) K.

Schum (upper right) and C. thesioides (Freyn) K. Schum. var. australe (Maxim) Tsiang et P. T. Li (lower left)

1845 Index SA CS IDH ACO o KGDH STK SD GABA GAD GABA-T SSADH
SA 1 0.053 —0.335 0. 469 —0.818 —0.406 —0.784 —0.457 —0.425 —0.634 —0.148
CS —0.495 1 —0.311 0. 885 0.516 0.891 0.566 0.107 0. 447 0.735 0.966 "
IDH 0. 566 0.692 1 —0.584 0.228 —0.141 —0.024 0.902 0.697 0. 049 —0.088

ACO —0.987* 0.582 —0.526 1 0.073 0.599 0.180 —0.272 0.056 0.353 0.738
o« KGDH —0.179  —0.597 —0.124 0.020 1 0. 842 0.966 " 0.565 0.714 0.959" 0.689
STK —0.666 0.948 —0.865 0.706 —0.309 1 0. 875 0.299 0.595 0.960" 0.950"
SD —0.978* 0.663 —0.674 0.983* 0.033 0. 806 1 0.333 0.526 0.957* 0.689
GABA —0.966* 0.725 —0.659 0.979* —0.074 0.837 0.994*>* 1 0.937 0.453 0.343
GAD —0.976* 0.673 —0.641 0.989" —0.010 0. 800 0.998**  0.997" 1 0.686 0.650
GABA-T —0.947 0.729 —0.758 0.951* 0.004 0. 870 0.992**  0.989" 0.986 " 1 0.856
SSADH 0.711  —0.494 —0.942 —0.634 —0.400 —0.743 —0.751 —0.707 —0.714 —0.803 1

I« FRTE P<0.05 KFERFMK. » + KR P<0. 01 KF ERFMK. TER.,

Note: * indicates a significant correlation at the P<C0. 05 level. * * indicates a significant correlation at the P<C0. 01 level. The following tables are the same.

B 4 nl L RS R 2E SA 5 STK ) 8 3 i
X ,GAD 5 SD & g # i 41 &, SSADH 5 o KG-
DHERBFEIFMK, £ SA 5 STK 2§ #1F

x4

5,5 GABA £ 18 % il K« KGDH 45 SD £
B UK GAD 5 SSADH & B IEAMK.
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Table 4 The correlation analysis of index related succinic acid synthesis in stems of C. thesioides (Freyn) K.

Schum (upper right) and C. thesioides (Freyn) K. Schum. var. australe (Maxim) Tsiang et P. T. Li (lower left)

#6845 Index SA CS IDH ACO o«KGDH STK SD GABA GAD GABA-T SSADH
SA 1 —0.216 —0.667 0.769 —0.913  —0.994"~ 0.382 —0.041 —0.276 0. 490 —0.80
CS —0.808 1 0.709 —0.373 —0.064 0.171 —0.719 0.693 0.524  —0.888 —0.178
IDH 0.824 —0.417 1 —0.919 0.310 0.683 —0.324 0.767 0.067  —0.630 0. 100
ACO 0.018 —0.583 —0.293 1 —0.460  —0.813 0.036 —0.610 0.191 0.339 —0.249

o«KGDH —0.297 0.601 —0.261 —0.791 1 0. 890 —0.375 —0.369 0.382  —0.339 0.974*
STK 0.979*  —0.905 0.749 0.220 —0.453 1 —0.286 0.079 0.171  —0.417 0.765
SD 0. 141 —0.421 0.213 0.728 —0.977%  0.289 1 —0.006 —0.963" 0.934 —0.385
GABA —0.967* 0.666 —0.817 0.215 0.046  —0.899 0.106 1 —0.251  —0.337 —0.561
GAD —0.401 —0.050 —0. 349 0.779 —0.754  —0.230 0.831 0.621 1 —0.803 0.451
GABA-T —0.533 0.588 —0.024 —0.055 —0.265  —0.525 0.461 0.596 0.575 1 —0.269
SSADH —0.581 0.216 —0.399 0.586 —0.597  —0.444 0.724 0.760 0.962* 0.750 1

M5 Al A KR SA 5 oo KGDH & #
FEHMAK,.SD 5 ACO 2B EFME., EEHEK

STK 5 SSADH & & 3 iF /1 3¢, IDH 5 GABA-T
2 BFIEHRE.
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Table 5

The correlation analysis of index related succinic acid synthesis in roots of C. thesioides (Freyn) K.

Schum (upper right) and C. thesioides (Freyn) K. Schum. var. australe (Maxim) Tsiang et P. T. Li (lower left)

847 Index SA CS IDH ACO o-KGDH STK SD GABA GAD GABA-T ~ SSADH
SA 1 0.224 0.192 —0.323 —0.996* ~ —0.419 —0.072 0.348 —0.021 —0.916 —0.682
CS —0.069 1 0.347 —0.694  —0.303 —0.942 —0.643  —0.781 0.439 —0.585 0.045
IDH 0.916  —0.457 1 —0.912 —0.181 —0.109 —0.924 0.091 —0.690 —0.384 —0.721
ACO 0.268  —0.801 0.515 1 0. 347 0.507 0.967" 0.223 0.339 0.609 0.582
o«KGDH —0.757 0.307 —0.751 —0.740 1 0.499 0.095  —0.262 —0.051 0.941 0.636
STK 0.428 0.871 0.039 —0.616 —0.069 1 0.391 0.704 —0.620 0.697 —0.074
SD —0.248 0.481 —0.472 0.043  —0.204 0. 280 1 0.297 0.387 0.388 0.454
GABA 0.825 0.505 0.537 —0.245  —0.455 0. 864 0.022 1 —0.694 —0.005 —0.642
GAD —0.686  —0.089 —0.626 0.326 0.055 —0.446 0.713  —0.674 1 —0.076 0.732
GABA-T 0.861  —0.529 0.988* 0.492 —0.656 —0.048 —0.596 0. 454 —0.665 1 0.611
SSADH 0.323 0. 863 —0.031 —0.794 0.181 0.953 0. 054 0.780 —0.577 —0.077 1
5 WSy oW WA STK AL FIE IR 41

A 1 U AE AR P AE s ] 1) 22 5 5 G iy
BT RE 7 % D) AR G, Ah IR 85 k02 n] 2 SO ) 1R
PR AR = i A B R R as A fk . o, K
3 %o R A A O A AR R e A L Y, AR
B WY R JTCORD 22 BIAS ) 265 B b 35 B R 2 1 1 78
AT W i BRFA IR 3 K 25 FIAR L [ B 3 B T
STl 3 R B e FAR Hh ) SR FR 5 i R R BE T
SRR N S R 0 S D X5 R ER AR Lk
SR SEUE RS AT AR ALY RIBR AR T B B g 45
SRRl H AT T 3 A0 25 5 e B R 1Y 1 A
BT E AR A2 45 5, 3 B3R IR A6 A W)
TE A R B i R BT AR LA A X ST M

FE DA N 35 AR 32 22 1 5 % 42 2 TCA i 34
M y-E T R (GABA) S gg=  Hoh B8 FR & TCA
PEFR 0 G g b A, GABA & — R 30 ] 2w 25
W, EE S 5 YA K R E MmN as
GABA 1 GAD 1k 23 2 8 B R % i L 48 )5 il
it GABA-T By fb¥s GABA 5P B IR F1 o B 1 —
2 ) AR R BR R R P R, B 5 3RO R Ok M A
SSADH fi#t {b F J& ) B% ¥ R . fx & ¥k A TCA 1§
TR ARG B B 9T 3 WL R R R A B R o
KGDH.STK.SD.GAD /&£ 5 GABA % & ¥ 7F &
JEF S0 A BN & K. oo KGDH i 1 38 5 i 5
GABA shunt B BR, — &4 o M 1R % 1k o 4%
SR . [F i T R W38 515 GAD & o4 1 5% 1F i 5 2
GABA FUZ . 5 Shelp 55 () BF 53 25 A0 21, 7T fE
JE T UM P H Ok B SR B i A B K e T
GAD % . 3 GABA W B, X Z2H K
SSADH & ¥ 8/N B AUA 2 & 1) GABA 4k ok
BEIIRR - 1 K GABA I T T 52388, 95—

PRI T S A AN 22 B h BRI R & i GA-
BA &8 M SD & ¥ 2 A0 . GABA & & 145 SD i
PEREIEA G . GABA BUR 5 SD i PR3 53 . BY HAITR
18 SD HEAL T Az BIE W R - 3 T 5 i B B
TF R 1) 73 ffp A FH ORI S BOBR B TR 5 &
fiX. BESHETREIET .2 55 MmRa 8 L
WAL G CS,ACO . IDH,o-KGDH Fl SD J§ 4 15 44
56 » R FATR 1 A AT R T o0 A DRt A ) 1
BRI & AW AR R . AT LB AR 195 BUR AR AE
AN TR L G B AR b S A s AN [R5 i Ak BER
M A TR S0P B A PR 5 B B A AN [ A JEE o
TR T IR AR G E L TCA g3 0 £, &
JET 53 T L GABA shunt yF . 5 id T i
RN BR B R (4 AR 42 2 — S = 2R mad e Al 5
AU AR B 7 T AT TR0 BESE . 56 T B MR 1Y
AR A P 5 TRAWTIE
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