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Table 1 Information of tested strains
E it 4 A H KIEAEY) RN .
NFM NBRIP Mongina's
A TZ/MY Jii 48 55 Medicago ruthenica 49 19 19
B TZ/MY ToTE4E & Bromus inermis 51 20 19
C TZ/MY T L1 B Kobresia pygmaea 56 8 25
D TZ/MY AL Oxyiropis ochrocephala 34 24 17
E TZ/MY e FEPE 60 ELymus nutans 37 24 26
F TZ/MY R ZEZ Polygonum viviparum 44 9 20
G TZ/MY M Avena sativa 58 23 21
H TZ/MY Z2W2 3% Potentilla chinensis 35 12 11
1 TZ/MY Z&JL Gentiana macrophylla 34 17 16
J TZ/MY T R BOR Poa pratensis 51 20 22

TE - NFM K7 3% 5553 3 8 %078 , NBRIP 55 55 5 53 B i TOHLBE 18k , Mongina's B 3% 56 43 89 7 47 DL 78 1k

1.2 EHFE

K H DF F1 ADF 55 3% 36 2 A ACC i 2 1t 1%
PE A B PR, ADF K5 92 3 B A ACC(3. 0 mmol/L, i3 3§
KB DF K 7% 3 (1 (NH4),SO,. Hogland's #
I S B SCHRL T T ) o
1.3 FERXAEEE

S5 TR R RN 45 R« ACC Ml o T B R (43 #7
4l [ Sigma/Z~ 7 ;MDA .SOD .POD #l CAT &l it
R & T a R ERHECA A A 5 40 B B 41 DNA
P HBGAF B (OMEGA , USA) 5 8 4k 1] W23 5 % B i1
(TU-1901, b 5% 38 dr i JHAL 85 A BRTTAE A 1)) G IR KR
FR46 (SPX-GB-300F , I i BRF B2y 7 25 AT BRA #1) o
1.4 7= ACC B S5 & ¥ 1 i it

% 8 Penrose %55 ik, LA A vk 0 3 R Bk 40
J4E R % DF R ADF 55258 |, 15 ‘CHi 9% 3~5d, B R
WS T A KAB I . AR LR 3G ARG SR v
ADF 8 3756 bR 3% A= KON LW 8 47 T DF 85 57 5

U 3 B 2 B B i A0 L ACC g M — 0T8I, BVBE A B
ACC B2 .

SE 43 BT 8 PR M T PR 2 A5 mL IR LB B 3R
B, 15 °C . 180 r/min ¥ 3% 36 h, 8 000X g. 4 C & >
10 min 3¢ B o PUIES A& (NH,) SO, 1Y DF W14 Bk
H2WEEE T 7.5mL B ADF &, 15 C |
180 r/min 5 3% 36 h,8 000X g4 ‘CE.L> 10 min 3 b %
o VITEFHZ 0.1 mol/L TrissHCI(pHA{H 7. 6) % 2
U, A 600 pL 45 0. 1 mol/L TrissHCI(pH { 8. 5) &
TR ARTURE A 30 pL B R 5 IR BE IR 3% 30 s DL 2L fi
PR . HC100 pll H 2R Ak 9 1 W8 3 Bradford 325 ) 5
PR R A A . BRMHF R HR S R
Glick %" 7 iL I & ACC B BT PE o 43 5 LUAF i i
F1RE A o T R O B o 2 A v R O T bk
ACC JIE 2B 5 o il 16 T 2 48 27 B 8] P, IR 2 1
AL ACC it 2 20 % o a- T i 12 1) 60 B8 JR 480, BT
pmol/(mg-h) .
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B, PCR =¥ 3% A% 2 K BB A YR A IR W) 56
B I 25 SR 4R 32 http s //ezbiocloud. net/ %4 4
et 20 M7, B MEGA 7. 0 % LLAB T ¥ (Neighbor—
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1.6 HEYRESXE

e FH A 1 111 R T8 B M N TR K T R R —
T P50 5 (Elymus nutans) KA Y, #0855 97 R
PR P28 1% 19 NaClO % ¥ 2% 1fi 7 # 5 min, T
KR 33k S 38 A R R T SR AR (A2 9.5 em X IR
2 6. Ocm X AR 85 13 cm, B AR %6 24 500 g K #¥») , &
TR FRAERE IR (25 °C O 14 h 2R IE 10 h, 1B h
60%~70% , YGHEFE R 4 000 1x) o L5 4372 F Ab BE (22
Fift 7= ACC Jiit % i B8 bk ) X B8 (B2 JC 1 LB WA ) .
FRgh A K & 14 d R AT e Ao RUIR IR Wt . IR
PR G 2 LB W MR KE 37 3 F 15 °C L 180 r/min 5 3% 36~
A8 h, P4 B 55 IR WK Disoo e TH 4 0. 8 (4 L W 24 1< 107
CFU/mL) . 4 & # Fp & & 3 mL/#8 , & A & £ F 5
o W 25.18,12.8 .4 CH 54 BB B, K W) I
B b R A8 h R HURE i S i 7R G 00 R A R L
25 bR E E B A AL (SOD L CAT Fl POD) 7 ¥ %
MDA & 4, L JE 7K & B i 1 B3k ) o i 4 6 3% &t

S A R WK A B BURLRR TR BE AL M5 Bk R
FH A RO E Bk 5 AT A RO 2508 5 R T AR &
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MM R, HR AR RERIA PR R AR
BB 5 o K R B b B R R R e AR, T
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BT - 000 7 b b T AR
1.7 HEHRITHH

K SPSS 25. 0 F1 Origin 2021 % {4 % 52 56 % 4
HATG 4 Hr A2 [ 38 3 One Way ANOV A il Dun-
can V& JEAT J5 2 03 B M2 E L8 («=0.05) . KR 4L
R RO Ry TN

2 HER5HMW

2.1 7= ACC it SBg B R B 07 i

M HE ADF 5 DF 85 98 2 b o % A2 K 00, A 821
R A BR AR b ) 0 A5 31 19 B = ACC B 2 it T ik (&1
1), ek 2 o0 A7 B Pk ACC I Ui 36 M, )42 B8 Pen-
rose Fl Glick 19 & 8, L ACC Ji & i 1% M A K F 20
nmol/ (mg-h) 1 2 1 P B AR 07 18 bk o, B 4445 31 11 #k
it 15 PR B R B T R (3R 2) o Hoh TZnG2 & B 09 i %
PR i, 3k 3.4240. 12 pmol/(mg-h) , {H i % 1 K F
1 pmol/(mg-h) BB R A 4 5% .

2.2 FACCHREBEKRREZLEOW
£ 16S rRNA LR P AR 58 & T b, 1L Bk =

R2 NHFKTACCHRABREKMEEEES 5L MM

Table 2 Enzyme activity and classification status of 11 ACC deaminase—producing strains

Tt 1% A3/

Tk Gt L S ERPRTERY S FALEE/ %
(pmolemg **h ')

TZnG2 3.42+0.12° Pseudomonas kairouanensis KC12"(1.LR031357) 99. 50
MYnl4 2.75+0.09" Flavobacterium pectinovorum DSM 6368"(NR114994) 98.93
MYnD11 2.14+0.25° Variovorarboronicum ulans BAM—48"( AB300597) 98. 68
TZnFn7 1.3140.06° Pseudomonas vancouverensis ATCC 700688"( AJ0O11507) 99. 10
MYpJIn8 0.37+0.13° Erwinia rhapontici ATCC 29283 (U80206) 99. 65
TZnH12 0.28+0. 02" Erwinia rhapontici ATCC 29283"(U80206) 99.58
MYpAnl 0.25+0.07¢ Erwinia persicina NBRC102418"(BCTNO01000053) 99. 23
MYpJnl 0.2340. 02 Flavobacterium psychroterrae CCM 8827 (MH100901) 98. 26
MYpEn7 0.23-+0.03 Acinetobacter guillouiae CIP63. 46" (APOS01000028) 98.68
MYpB7 0.2140. 02 Erwinia rhapontici ATCC 29283"(U80206) 99.58
MYmF1 0.1740. 08" Pseudomonas silesiensis A3"(KX276592) 99. 31

TE R 2 P S R R SR AR L TZ R MY 4301 3R KA AT TR 5 55 34 T BRAR R A B 35 77 op Ml m 43 AR SR NFM
NBRIP il Mongina's 5 37 5 5 85 4 > 7 RHACREE M S 55 58 5 A/ NE PR n RERIR N G )
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producing strains
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Fig. 2 Phylogenetic analysis of ACC deaminase—producing strains
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Table 3 Growth states of E. nutans inoculated with ACC deaminase—producing strains under low temperature stress
LR i /cm B R U ZM/mm WK E/Y M ETtE/mg HMEKE/YN O WTTE/mg WEKR/%
TZnG2 29.67+1.53" 20. 25 1.424+0.03a 29.09 53.20+5.31a 126. 38 11.47+1.71a 186. 67
TZnFn7 27.67+1.15b 12.15 1.2340.02b 11.82 32.30=£0. 35b 37.45 6.03+1.48bc 50. 83
MYnDI1 28.334+1.15" 14.85 1.2040. 06b 9.09 38.27+2.50b 62. 84 6.17+0. 21bc 54. 17
MYnl4 30.33+0. 58" 22.96 1.26+0.06b 14.55 37.47+3.30b 59.43 9.234+2.40ab 130. 83
CK 24.67+1.53° / 1.10£0. 03¢ / 23.50+1.78¢ / 4.00+£1.47c /
F4 REMETEMSACCHEMAKERKEBEENRRELZBERRL
Table 4 Root growth states of E. nutans inoculated with ACC deaminase—producing strains under low temperature stress
iy 1%‘1'\ E ~ F J"/" 7N & S Y
BHAS  BRK/om  BKER/Y BE ey TIRR wpsow mam mkau
M/ cm HAE/mm
TZnG2 59.4142.52" 23.64 6.4240.83" 42.79 0.3540.06® 24.79 264.33436. 02" 6.59
TZnFn7 51.68+4. 40" 7.55 5.0340.48° 11. 84 0.29+0.01" 4. 81 148.67+41. 48" —40. 05
MYnD11  58.44+4, 42" 21.63 5.24+0. 64" 16. 53 0.31£0.02" 10. 23 279.67440. 20° 12.77
MYnl4 77.63+10.12° 61.57 8.6340. 81" 91. 89 0.3840.01% 35.50 296. 334-40. 05 19.49
CK 48. 054 3. 24¢ / 4.50+0. 50° / 0.28+0.02° / 248. 004 30. 05 /

2.4 EEMF ACC Bt S E AR X R B ME T 2
HEKHEEEENEM

W T o I, T R AR R I P 3R a A U
Wl (& 3-A) A HE 25 CAb R, 4 °CHF N T 30.27% o
(20 7= ACC B 220 B TR IS, 4 3% a 22 00 o1 B O B2
TR R ERRARE T E e, B IREE AR /N, AR
ZFEER TZnFn7 HOR & W% A 25 °C, P4 R a
TEEACIUTRET 2.08%,

CLE S Fl SRR, £ B TR AR, X
MRZL 4 38 b it B /0 (181 3-B) o MH&gE b & it
TE 4CRF A L 25 ‘C R RE T 47.82% . {H %Rl TZnFn7
Ja SRR b AR B B R AR S T, A
12°CH 5 e MK, A 25 “CH Y 84. 55 % , it J 32 #i 7
5,4 CI AT 42 R b & ik 8] 25 “CIF Y 93. 79% . H
B Rl Ak B R B B i R b
R YA S T N R (B SN NI N 5 S 3

i T R G, X B 2R 8 N R A R N R
AL 25 °CL7E4 CI R R 1 18.65%0 0 {HIEFP A
Pk TZnFn7 fMYnl4 J5 2 80 H 56 F %5 T M a4, 78
4 °CIF, 2R 3R A& & 0 5 o 25 “CI A9 96. 6406 il
105.01% (& 3-C) . #Fl TZnG2 A1 MYnD11 J5 # ¥k
KEAEE S AR U S X AR L (A B R
R R AT 22

A L i
& AT

2.5 B ACCH B E & XHRIR A IE T ERHE
EHi L ERE AR

2.5.1 PARE WA T H 4k SOD 8 F v SOD 2
Yy A 9 ik L Y R AL T B IR R AL, 4% b 3
HE R 25 it T SOD il 1 M 247 52 30 3 32 0 T v i 4 ([ 4-
A) o {3 FR B R AL B, SOD W% 1 2 B — 2 M
R s AL . A TZnG2 F1 TZnFn7 J5 1 25 C#|
12 °Ciy SOD i i #4328 A0 TH & BTE 8 “CIf B AIL , 4 “CIif
MR T . MiEAM MYnD11 F MYnl4 78 18 CH i
T Tk B I, i Bl O B R A1 T 3 26

2.5.2 SHAKIRME T AR POD 8 %o Bl 5 IR R
1%, JC I8 X HEA J& 42 A AL B POD I 4 B A 52 B
Thim G AR BT g (1 4-B) o B FP TZnG2 J5
1E 8 ‘CHf POD 1 14 35 3] fe i {8, AH L 25 CIF 4 & 1
42.98% . #% F TZnFn7. MYnD11 fl MYnl4 J5 7¢
25 “CH| 12°CHf POD 7 1 1% i 7 #5 , 8 “CH R F , i 7¢
4 °Ciy 3Tt Bk B g5l A B 25 Car il i s T
9.48% .74.27% F142.55% . AMHILZ T, X B4 A5 fk
il B T K, POD ¥ P 7E 12 “CRH A, 1 HE 25 “CH R &
T 21.97% ,8 CHt fe i , AH TG 25 CHE 2 R 1 35. 93 %06
2.5.3 KB FAHAN CAT# ¥wm  BHERE
R AT, 32 Fh T bk 5 0) IR PR 25 i v CAT 16 M3 2 30
e FIHE R R R S, Bk shig ¥ AR K (B 4-C) .
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Fig. 3 Chlorophyll content of E. nutans inoculated with ACC deaminase—producing strains

under low temperature stress
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Fig. 4 Antioxidant enzyme activity of Elymus nutans inoculated with ACC deaminase—producing strains

under low temperature stress
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Screening of ACC deaminase producing bacteria and
their effects on the growth of Elymus nutans under
low—temperature stress

LI Ming-yuan"?*, WANG Ji-lian"*, YAO Tuo",WANG Zhen-long',ZHANG Hui-
rong', CHAT Jia-li', LTU Xiao-ting', LT Qing-pu'
(1. College of Grassland Science , Gansu Agricultural University/ Key Laboratory of Grassland Ecosystem of
Ministry of Education, Lanzhou 730070, China;2. Department of Biologic and Geographic Sciences,
Key Laboratory of Biological Resources and Ecology of Pamirs Plateau in Xinjiang Uygur
Autonomous Region ,Kashi University, Kashgar 844006, China)

Abstract: To screen plant growth-promoting bacteria (PGPB) with ACC deaminase activity and verify their ef-
fects on forage growth under low temperature conditions, a total of 821 PGPB strains were used to identify the ACC
(1-aminocyclopropane-1-carboxylic acid) deaminase activity in DF and ADF medium. These PGPB strains were all
isolated from the dominant forage species in alpine grassland of the Qilian Mountains. 16S rRNA gene sequences
coupled with phylogenetic analysis were used to determine the taxonomic status of ACC deaminase producing bacte-
ria. Moreover, the growth— promoting effects of 4 strains with high enzyme activity on the growth of Elymus nutans
seedlings were verified by a seedling sand culture experiment under low —temperature stress. A total of 11 strains
with high ACC deaminase activity were identified and divided into 5 genera. The inoculation of ACC deaminase
strains could increase the stem height, stem diameter, stem dry weight and root dry weight. It also affected the root de-
velopment, inhibited the decrease of chlorophyll content. Moreover, the activity of superoxide dismutase (SOD) , per-
oxidase (POD) , and catalase (CAT) in the seedlings were enhanced. These ACC deaminase producing bacteria can
effectively promote the growth of E. nutans at low temperature and enhance the stress resistance. These bacteria
have potential for the further development of biological fertilizer suitable for alpine grassland.

Key words: ACC deaminase ; plant growth-promoting bacteria;low temperature stress; Elymus nutans



