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Isolation and Identification of an Endophytic Bacterium from
Cymbopogon Citrates (DC.) Stapf and Its Optimal

Flavor-producing Conditions
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MA Jiangshan,SHI Xiaowei, YUAN Shanshan,ZHU Yonghua'
(College of Biology, Hunan University,Changsha 410082 ,China)

Abstract: An endophytic bacteria strain CcSh-1 that produced obvious fragrance was successfully isola-
ted from the sheath of Cymbopogon citrates (DC.)Stapf. CcSh-1 strain was identified as Pantoea ananatis
by the morphological observation, physiological and biochemical characterization and 16S rRNA sequence
analysis. Headspace gas chromatography-mass spectrometry detection showed that the volatile organic
components of CcSh-1 were terpenoid and mainly contained citral, which were similar to those of C.
citrates and their essential oil. The factors involved in the flavor productivity and the growth status of
CcSh-1 were also investigated,and the optimal liquid culture conditions for CsSh-1 were confirmed by tak-
ing beef extract as carbon source,and the peptone as nitrogen source,under the temperature of 30°C and
pH 7.0. In addition,it was discovered that the addition of 1% (w/v) abrasive of host plant as substrate can
promote the flavor production of CcSh-1,which indicated the interaction between endophyte and its host.
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HFEH [ Cymbopogon citrates (DC.) Stapf], X
AR A RA R R 2 A R A Y, R —
il o 2 B B ORHE S M2 A /P B
TEBTFT AR L4317 LUl 0 26 O 3, v Ay
BRI o B W AT AR A OIS UK B
Lo A IR 5 W ) T XA T TR HC R A Y 2R 7 ik
Bz as R TR B A R AT AR R AR
HARHE R FE R Z —, B RO AR A P B
TE AN BE W 2 DR R B A R Tl K

AP P9 AR TR R A G AR T SR Y 4 B B B s T
3 B B Ak T i B AR 49 4 0 A0 ) Bt 0 D I Y
WA YN AETE SR B AR E S A HAE
KA, FE R B A JE R W A= 11 SR A ) B LA
T A 0 A AR 7 0 A A R A AR
PN i S N AR R B BAT B A T N AR R
RE A% 5 | B i 2 0 1 A 352N [ B i A e
S N AR T AR AR E R A A R R R
SRARIE 7 W %k PN A T A T 5 1 58 8y R R
AT A 2 L THEED T 0 & P55 AR
B BRI A EE B G P AR A 5T
ikt T2 1.

AR SO A 5 vy i o — kB ]
16 A R 1 A BT L i 4% O CeShe1, JF %858 3k %
2 & (Pantoea ananatis). N | i€ B RS B WP
FAF A SRRV T IR R IR EE  pH S A
FA CeSh-1 T8 Bk 7 7 K Az 1 B 52 0[] i, A A6z I
TIMAFFFAE N CeSh-1 K 77 56 1 43 % H ™= & 2L
R T AN A5 TR W b P9 AR AR R A
HARE TS £ L At

1 #MHERIE

1.1 ##
L1.1 XRS5 6 £k

H A 52 56 38 DA S AR 55 R S L 03 O Ok T A
W Pantoea ananatis CcSh-1, 2T 2014 4 1 A
26 H th b [ 2R W T R DR R0 B R DA 2l R
Py bt (CGMCO) A= W O 8 P85 2 CGMCC No.,
8715, %1401 44 M iZ Wl Pantoea sp.CcSh-1. 7% 3 ¥
[Cymbopogon citrates (DC.) Stapf], 118 &4 MK
SRR R T R A KU T I R DT R R 2 OR
£ 112.95°, 84 28.18 °).
1.1.2 A%

oy B IR AR K B B IR B (WA BUIE # 18

g/L,pH7.2 4+ 0.2,1X10° Pa K 25 min; ¥ F:12
BB E B 32 2 (TWYE) « B R 4R LY 0.25 g/L,
K, HPO,0.5 g/L.Bif§# 18 g¢/L.pH7.2 + 0.2,1X
10° Pa K 25 min; HEEE K GBS 75 (MS) .
H & w20 g/L, R K 20 g/L, BiJlg By 20 g/L,
pH7.2 £ 0.2,1X10° Pa K 25 min; K & & EH
TR R (TSA) JRE AR 15 o/ L R A K 5
g/L.NaCl 5 g/L,Bg# 15 g/L.pH7.3 £ 0.2,1X
10° Pa K # 25 min.

EREFENA RT3 g/L. EAM 10 g/
L,NaCl 5 g/L,pH 7.3 &+ 0.2,1X10° Pa K H#
25 min.

FPE R FRIE L NA B3 LRl A 1%
(w/v)it 40 B i & 5 Fk K.

1.2 FHi&
1.2.1 @@es B L5sik

P AT 5 FORE B R DR R R 2R AR
MRS, TR TS R IH T 124 mM Na,
HPO, , A PE% 1 min; 90% Z 2,321 1 min;4%
NaCl, &1 6 min; 90 % LB HPE 30 s, L K WL 2
W;35% Na, S, O, , 17 5 min; LKWk 2 k. If
B T OB A SURE A L BT 1 em /NBE L B B B B S
BT 27 CH 37 °CREFRA BE IR O U6 Uk 2 TH IH
BRI A L AR A O R AR T T R R S
— PR JC T K B 200 pl BB R T NA R 5%
3,27 CHig% 24 h Ko il NA B3R B B A MUEY
AR B R AS I TR R B B SR BIR  R A E R
DLIBIARAS TR bR 4l 85 35 ) R FHIERCE PR X0 7= N 4R
T R AT I 7 O
1.2.2 AA%EZ

AR Ak S BT 3 BT A TR RR 25 R L
TR VR IE S UEE s 5 22 R 1 - RO A, 46
pn AT Y 1 min, JC B K WV, W T BRI G 1
min, JC R K Wk, T, 95 %0 S BEML A 30 s, TERK
e /A E YL 2 min, WK bk, T, WAEE T
W 5 FH L 2T 3R 56 . B 9% 48 h K Z BE 2 mL,
TN LT 48R 7 1~ 2 7%, ULES 1 (2 A8 4k s 3 B /K
il i N TR R T U M K R S SR AR SN 2 g/ L
FER RS FRBUIR B F23E) .30 “CRER 48 h, i e (1
J& UGBS IR 6 AL s e U SR 48 h I
KR W 2 mL HA Kovacs [Gi ] 2~3 % . 52 4%
B0 A8 Ak 5 A7 A TR £ 1 00 - O TR PR 22 Bl 2 A A
T R A TG 37 2, 30 “CHE 3R 48 h, W BI85 1k s V-
P 5 OF R R R B V-P R IR B 3R 8L 30 CHE S
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48 h, L 2.5 mL KW, eI o ZE W1 99 %0 L B%
W 0.6 mL,BEJG A 40% KOH 0.2 mL, W25
A5 1k,

16S rRNA FF5 53 H7 & HI 40 T B P 20 DNA $2
BOR ) & RS R 8 TR BR A | L 2 3 Bk
R4 DNA, PLiZ DNA #8040 5 16S
rRNA GBS (27F, 1492R) ¥ B B bk 16S rRNA
R R Bt 2 Ll AR W) TR B w7 52 s » 5
NCBI #: 2 048 13 7547 [ I P L X (www. nebi.nlm.,
nih.gov/Blast) . | K/ MEGAG6.0, ffi AR IT 45 &
#: (neighbor-joining method) #47 1 000 &K # K it
B HIE CeSh-1 IR G R B M.
1.2.3 BAWFHhowke

K FHACH €8 3% - 7 3% 6 H {X ( Thermo-Finnigan
Trace GC,Polaris Q, Tri plus RSH =& — H 3 i#
FEER X NISTOS8 i P2 ) X N 2B B R & 58 745 & P Al
Gy AT A

Rt T < K 4 R T8 AR BN R s Y T Pk Al
BT WK, B TIRgaiEmd. 5 Ash
T zs HEAE BRI 42 . 2 B Barbosa 2519 BF 5% 77 10, %t
B 2 BB BERE SR AT B T AR B A KRR B N A
P R A3 1 A8 % S TR) B A i R 8 B K L A
SO, BF S 45 1 W 4% A G35, Ff 2 T2 A 2
AR,

T8 HERE 50 - T2 N ARGRBE 40 °C , SF i B i)
5 min, T2 PEAE ST IELEE 60 °C L gERER 1 mL, FH w54l
SUHE BRI PRI ZS HEARE EE L W5 BER I 5 min, TR
= MEA SR T1M 0.8 bar.

a5 & F . DB-5 A 9% B 4 FE, 30 m X 0.25
mm X 0.25 pm, R M 5P, 946 16 B 60
CL A4 F 2 min, RJ5LL 5 °C/min FF & 130 °C, f#4F
2 min, H LA 5 C/min 7+ & 180°C )5, A 20 °C/min
B TR R T 2 220 °C L IR FF 5 ming SFFE 1R BE
220 C.EA R i 2 (BEEER T 99.999 %) , i i - 1.
0 mL/min, /3 #EAE A LA 10 ¢ 1.

Bk B TR G R EE, BT RAERE 70
eV LR E 230 C5 ¥ HI LR 3 min, 3~ 25
min R & T/ 2 H#EFE 25~250 amu,
25~30 min, Fil/Delay.
1.2.4  CcSh-1 #9 = & & k4L

BRI AL - PR DAY 6 Rl I L 43 i 2 R R
I UM 2R R R S g/ AR
Sy HEB M 10 g/L,NaCl 5 g/L,pH:7.3£0.2, /&
&4 30 °C,CeSh-1 # Ik B AR BE ODgo, Ky 0.02, 4

i 10 h Bi R 4 A Kol L B A A IS
DA Bl 58 o 436 o L e VA C LA #6000 5 vk AH TRDD

R AL PE 35 LAY 6 R &R 40 B 2 e R R
B OIRE PR R R B R AL LR AR (10 g/
L) HA oy M Ak 5 (3 g/1) . NaCl 5 g/L,pH:
7.340.2, 7@ 30 C.

P pH H 3 £ . 8B S AR R L ZUUR L TR
30 “C.pH 4355 E K 6,7,8.

T R ¢ 3 B e AR A IR L ZUUR DA M 3E pH
{8 JRLEE 23 W5 E Ol 25 °C L 30 °C L35 C.

1.2.5 &% #i#FF CcSh-1 =&

RAEF S H N 5, vk BT R RS AT
PENLIERE , 1 40 BB A LA 1% (w/v) H il FR
BUIRA NA B 3258, F 30 °C & F 85 CeSh-1,
24 h J5  WIICE S RE S g A B AR KW A TR
TR TGS Y T TR K b AR TR A AOR 0 BT
0 PR ASCRS: 0 442 % M A 4

2 HRE5SH

21 FEANEAENRKESSS

XF A 3P B 2 BTE 4 By B R R
24 h B R ML, SL B il 36 bR A AR Al b
I WA B3R 5670 B 10 BR A0 TE L B 3R TR 2
27 Csilad TWYE RigR B 00 85 14 #RA0 T, A 27
CHI 37 “CAr AR 9 BN 5 BRIAT ;5 MS B 57
SYES 9 BRANE N 27 “C ORI 37 °C 43 B 3RAS 8 MR AN
1 BREA ;3 TSA B Fe 5600 B9 i1 3 BRA0 B L 1 77 IR
JEXHy 27 °C B AL BUE VEAE L I 36 k7 7 4 T
Ve — R B A BTV Rt B A Ok 0 o R AT
CeSh-1, R IR T AR 50 . 7 B A 27
T, WA B33k,
22 HEWMEE

CcSh-1 B R AR J8 T8 22 IR B 1k g, WY 3
ZLEAYE , V-P B, vl mk BE M, AT DL b L LB
T2 ) F U By BEJK ik B RC . BE R P A A TR 41 55 (5%
D) AR IR A T 40 1 48 7 T 00 ) % 42 74 T8 A= BRIk
MR, 3 B 5 Pantoea ananatis & B A L.
CcSh-1 9 16S rRNA P 5 51 5 NCBI #% IR % 4
PEE A7 [a) U5 b xd, WIE 1R Bk B Wl
ClustalX (Version 1.83) il MEGA 6 4 & , 5 B4 4
H e e R TR M A LR 3 BUER T CeSh-1 5
Rz RS B 1 RUE 58 E T E
FNE Pantoea ananatis LMG20103 B 16S rRNA
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SR8 B A R PE IR E] 99.9% . 5 A Bk I
E N Pantoea ananatis CeSh-1.3¢ B 7Z BAE N N 4
T B % 12 % B It A ) R XL R 400 X 7 20 A
BHBULA B 9 A= < B AT B2 A 2R AR T (R I
07 BAE 9 5B X AR AR R BT 2
RTEN HE AR 1k, MR R IOC T B2 W
A AH SR I
F1 CShl 5ZHEAENERENHELR
Tab. 1 The comparison of physiological and biochemical

characterization of CcSh-1 with bacteria from genus Pantoea

A A AR AT CcSh-1 J Az T W

JEAR FEAR FRAR LERIN

BRI B I [
T & + + +
TR & T + + +
X5 2R K iRt - - —
V-P ik 5 + + +
Tyt R kP + + +
7S + — +

+BHME; — (B, positive; — :negative

94 CcSh-1
57 Pantoea sp.S99
100 63 Pantoea ananatis LMG20103

Pantoea ananatisPA13

Pantoe avagans C9-1
Pantoea sp.At-9b

-
L

0.005

-Enterobacter lignolyticus SCF1
y kazakii ATCC BAA-894

B 1  CcSh-1#9 16S rRNA # &% 4 F #.

Fig.1 Phylogenetic tree of Pantoea sp.CcSh-1.
23 WEECSh1 RBEEEFEELZERS D

T 25 AR €838 57 35 36 F A3 20 301 % 4 5
K H AT CeSh-1 #EAT#5 K 1 o3 0 B A8 5 7 3k
Ky 7 FP A s o VR I Ls-a- TR Mo 385 M. S
fik .2, 2- 7 W BE-3, 4-2F 0 18 AR T RN A ot (IR
2A 3R 2). 0] WA R K v A LA A6 2 £
Horp R I 5 kG O £ R 4, X 5 Barbosa',
Carbajal-" 4§ J¢ T 7 3¢ B 32 22 5L 4 9 DF 50 45 2 —
O A SCHERHGE ¢ T 7 50 BRI 09 #8318
20 Z 30 Fpt1TH HACHESE R DI 7 RS 4y, T
RE A JEL DR 2 FR AT A A R B2k B T A B TS R
s B o0 LA Y s kA S W LLdE T B AR R
PR A H Bl T 2 E A a8 v, S B AR D 0 K P
U, R A TOU 25 S R i 1 8 Ak 3 o B, 3 B8 R M
WA 58 A B, Tk 538 i & R R BT 28R
1530 B 50 FORS IIAR L, RO RE RS A F2 S n #5 k 1E
G

K}
A

i L Bt S 5 NI (oL

CeSh-1 3645 6 Fi 4 S Pk 1l (1 2B) , 32 280 2
MR, S R AN X 2F Y ST RPN
FURRAE SN o0 1 BT 58 45 A DL CeSh-1 5 i F2 4
B A 5 e U AT B A P R WD 00 O YK VRS AE
i R A It (3R 2 e R A I A I R A O A7 A
T 1) P [ 0 S A A, 5 T v K 7 o 4L 0 30 o R
PR ity %ot B — 2B A5 2 T 3R (& 20).

T B AR LA B CeSh-1 [ #8 & R Lo v o b i
T 1) 5 ek A A B TR AR T AR SR S Y B
DA e G s DA A TR A 5 R LA R O e A T
PR AT & 0 e il P 6 22l RS G R i
e (MVA) | S5 B B2 ik 42 (MEP) 1 it 48 A il -
S-BERR B4R (DXP) 4L A I MVA iR 12 i 1 &
BT 20 AR P T EL 2 B R R S A B 2K B R
A W Fe B TR 5 I i (TPP) LA B — I T 5 £ 1ol
i (DMAPP) , [ 1t P4 25 40 B8 5 7 32 4 4 A 7T fi
A FEARL AR A 7 R R A 0 DR A L B R A 1Y
DL AL 7™ B B2 W B 7™ A 25 1 1 e L 2 B
ORI A AT TR AR AR A AR R R B
J Bk

®2 EFEMCSh1 ERERS R
Tab.2  Volatile organic chemicals obtained from

Cymbopogon citrates (DC.) Stapf and CcSh-1

s 4 B2 1 )

L/l L) TR FFHE CeSh-l
/min
1 6.33 73700 CioHis - +
2 7.31 o PRI CiroHis + +
3 8.03 WA = CioHis - +
4 8.59 Is-a-JR M CiHis + -
5 10.46 3B I CioHis + -
6 10.67 I ik CioHis0 + -
7o CECTER im0+ -
A3 0
8 14.38 RS L1 CioHi50 + +
9 15.21 g CiHisO  + +
10 18.51 AT 9 CisH200O  — +

+ BRI — R . + i detected; — :undetected.
2.4 CcSh-1 =HE G

Phelan""" S& (W55 8 ), T F2 B8 5 6 1k & 0 19
PR S TR I AE KA B %Y R A AR
VI A SR AT A R T AR 0 7 B ORI )
TE 6 B A [l ik 5 Y 355 5% 25 1 B i AR it e 45 2R on
LI 3. CeSh-1 HIA AL ODgoo K 0,02, 15 77 i
[k 10 h. Bl 3A 1Y 2514 2k < B IR 43 1) Sk R L A %
Wi MR 22 205 S DL B AR I R B R
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A2 HFFEA.CSSh-1BBELERDEAEBRFRF(OZ2BFIMEHFRKE . BT AMEERERER
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Fig.2

Total ion chromatogram for volatile organic chemicals of Cymbopogon citrates (DC.) Stapf (A) and

CcSh-1(B) and citral (C) by automatic headspace sampler and gas chromatograph mass spectrometer.1. cam-

phene; 2. a-pinene; 3. santolina triene; 4. ls-a-pinene; 5. 3-carene; 6. artemiseole; 7. 2,2-dimethylocta-3,4-

9. geranial; 10. a-santalol.

pH7 T 30 “CLE 3B M 454 - SR 4 Sl Sy e B
B IRE R RS R N L B R B TR AR A
E’,pH%‘ﬁmE 30 C. B 3C M40 . pH 43514 6,
7.8 BRI A R, AR R IR 30 °CL A
3D WA R IR EE R 25 °C L 30 °C L35 °CLBRIE b4
AE R UR N AR, pHT, L E 30 °CXFTF CeSh-1
M AERAR DL 24 R = 0 > UM > 22 28 p >
S0 = A0 R IR R T, X T CeSh-1 E@F?’ﬁ
MH 4 RE = FU0 > 0 = 22 208 > b =1

dienal; 8. neral;

R AR T H e R 255 5 R R A R E AR B
e . [ R AR 4 CeSh-1 1 4= KR A (B 3B) L %
PR PR AR AE A B AR AR AE 30 C L pHT.
0 4T ,CeSh-1 W AE R ARBL 47 (B 3C,3D) . [7A]
B & B, A A pH 23520 CeSh-1 (1977 F 208, I
t pH7.0 Al pHS.0 B 1 7= FF 2 A A7 L, L T pHE.
0 o RS2 I 35 %o L 7 B RO 5 R KL 25 B TR L W) 45
i 1 DL AR AR Ol B R L B TR O AUUR L pH7. 0, TR
FER 30 °C A8 37 S R 3% CeSh-1, Hid% & M A ik

Bl I 54 A E A FLBE AR S i IR, CeSh-1 E’Jfﬁﬁxﬁl B AR AR B B i
20 20 +
15 + 15 +
—&— yeast extract
—=&— carbamid
£10 + 210 —&— tryptone
8 8 —=—NaNO3
—u— (NH4)2S04
05 L 05 | —#&— peptone
00 - oo B iy
A 5 :Is Alt é é ; é sla 1|o B z 3 2 5 G 7 8 s 70

Time/h
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Fig.3 Growth curves of CcSh-1 under different growth conditions

2.5 FFEI} CeSh-1 F=F B 8400

CeSh-1 7EH A W6 5010 B Z Yy BE b A F 75 56
HAN B THAERSE EHEERERNEAEXR,
B 20w e A B i o A W A AT RE S T A
BEE I TRIE L ABEBEEFEFHEH KLU 1Y
(w/v) LR A CeSh-1 85 35 3, LA N 58 52
Ky AR B 37 5 O X B K 5% 48 h, WG FR AR R W
A0 TR 4 R ) GlRE B 8% 95 55 0 T80 A T G 7 e

/T:356-2000

Y

J1 B AA N AB R RN E NGRS RS L 7R A [E]
PR R, &R 7= A TR AR R o L H TR — R B
T80 JIF 6T IO 1) G B T 0O 22 5 (B 4O In T &%
B A 55 R ) CeSh-1 19 BB F 3 A0t K T R
M.z 45 R R WL LU 3P R0 R R W vl LR T
CeSh-1 # K& P 8oy h i A7 g B & 1, OF FLRS R 7= &
WA T 5 e E R AE — 8 AR BAE ] LA
T i — 2 b B

8

e, . w0
= e =
meacise
4ccal =
: 1 — =
= =
™ s
n ©
e e
= Ee
T = =
) 2=
2= ie
= =
= =
= =
= =
5 i
. 0
B B
G TT
Y : s e s s ] Y : H 2 s e :
A e (e B rme (me)
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Fig.4 Total ion chromatogram of CcSh-1 volatile organic chemicals with(A) and without adding 1% (w/v)
C. citrates in culture medium by automatic headspace sampler and gas chromatograph mass spectrometer,
and their citral concentration comparison (C)

1. 48308, 2.4t 8 .1:neral. 2:geranial.
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Sy ESH BRSP4 B Pantoea
ananatis CcSh-1, BB = ARG E LT B 000 DL 7 1k
FUHAR 2 M By DAy 6 T (R AR T 5 A ) 1
A 5T R R AR A S R A R AR L D AR
B B IR 8 B R AR pH 7.0 3R 30 C
M5 35 45 85 3% CeSh-1, Ho¥ & M/ ok /el 2k K
ARG S5 g TR] BsF 5 250 OBy AR A Ry I A 5 3% Bk Bk
F& CcSh-1, et 42 T+ CeSh-1 P A EE & = M)
PALAE TR DR 1 T 5 R E A B R S A 5T A A
S22 — R HRENS 7= A 45 K e F R R A 1 R
BB P B T BT R, S AL RE 6% Ik Ah A RHE 4 R
705 T AN 2 TR s, o o A TR S T R A A BLAR
PLEE AL T B 5% LAtk

£ % Uk
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