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FRIFBENE RN EREFRES MR XEERER
ﬁf‘ifﬂlﬂ 3R
I EW ORAE EE

(DU)NFET22Be AEY TARARBE DU AT 643000)

o ZE: (86 55 4R LR P LR BRA AR IE 12 09 —AF K ARBe K B AT U5 A

AR, [k RARDEFENERET 2B ANAT, A SHEORAR & (HPLC) AR A & 18-
/;’rwnﬂf\)ﬂ (LC-MS) 5t # 5 = 4L R BRI A, JLME. R XA AR AR EILBE(HAL)F
ATEEE N . [ R] MBI 5B 3| —# 5 a‘z/? BReGA A mE RP1, RN AZAEARL
BER P A B T R BRI MARER. 2t RP1 ¢90 T AR EAEZAA R AREFRMTE
(Bacillus subtilis). ¥ RP1 9 HAL 3 B #4714 Fo R AZ AL, B7E M & £ %88 A HAL #= PAL
CR AR BRI RN B ) N ) 46, H- PAL FH = A6 MARBR S LC-MS Al a9 4 R —20. [4448] 380
ZN AR TRAR L HAL 69K A 2B Z A E MR R 2B AT = 4 AR -F AR AR g
&, i AEGRER,

Isolation of chlorogenic acid-producing endophyte and cloning
of a key gene of chlorogenic acid synthetic pathway

WANG Chuan LILi WEIPi-Wei HUANG Fei
(College of Bioengineering, Sichuan University of Science & Engineering, Zigong, Sichuan 643000, China)

Abstract: [Objective] To isolate a chlorogenic acid (CGA)-producing endophyte, and to study the
function of a key gene of the CGA synthetic pathway from the endophyte. [Methods] Endophytes were
isolated from Flos Lonicerae japonicae by surface sterilization. The endophytic bacterium producing
CGA was screened and confirmed by HPLC and LC-MS. Histidine ammonia lyase (HAL) gene of the
endophytic bacterium was cloned and expressed in Escherichia coli and enzyme activity of the
recombinant HAL was determined. [Results] An endophytic bacterium RP1 isolated from the root
of Flos Lonicerae japonicae was confirmed to produce CGA. Moreover, cinnamate, an intermediate of
CGA synthetic pathway, was detected from RP1 fermentation broth. RP1 was identified as Bacillus
subtilis through 16S rRNA gene sequence analysis. The recombination HAL protein had dual function
of HAL and PAL (phenylalanine ammonia lyase). Cinnamate produced by PAL activity of
recombination protein agreed with the result of LC-MS. [Conclusion] Presumably endophytic RP1

EE&WA: WIEHFTHTAE S0 H®No. 14ZA0211)
*BIEE: 04 watpc57944@163.com
Ueis BEA: 2014-12-15; #EZ HE: 2015-03-19; &L H R B H(www.cnkinet): 2015-04-10
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leaded cinnamate, produced from phenylalanine by the PAL activity of HAL, to the phenylpropanoid

metabolic pathway to produce CGA.

Keywords: Chlorogenic acid, Endophyte, Isolation, HAL gene, Activity

TEHRG T, 25 FHHE Y s Y B 2 k)
WAEARE ™Y, 31X 6T M Ao — AR A ) A 12
B, Hpm e e g2 2 R et . Ak
S WO ) B s R s i A R R g . AR
WA T IV Ay, R0, AR ™
A 57 AR SR B TS Y S P 2R T
B BOAE S T A B AR IR A T . H AT
A BRI S A TR e 43 S DA RS 1 J T
XA B R ARIE AR S DGR RGBSR AL
ERELG 2y, HA R %8R R (Chlorogenic
acid, CGAYAPIR . YUWTE . PUIE . BT,
B E RS T v TEEEZS . H R T A
Bb AT . SRR SEAT Y () 8 A 42 5 R
R e Y, H R T 42 R A% 4 I (Phenylalanine
ammonia-lyase, PAL)JE:ZE H [R5 725 — 4 By BR
fit}, PAL J VZAFAE TR S M — e B, i H
RIZEANE FPif A PAL HORE™), ARF5E M 444E
T — R SRR R N AE A, TR NN AR TR
HsEkEtl PAL AYIA TREGIE, JEXNZ N 73R
ik SRR S, SN AR TR R — 2D R 42
HERS LA

1 #HR5FE
1.1 ##

1.1.1 &Rl S8 AE(Flos Lonicerae japonicae)
RHWNADT, wEEK 5-10 45 4 FAE6-9
JDR R HRACRE, RIS SHRAERIR . 25
mt, fETRELET ) 24 h NI T N AR R4 B S0
112 EFRE: FNFHEC RIS, PDA BiFrdk,
LB Hi#R

113 FERF: brfERSRER . ANER . A
FR. EERR . IRTIMR, W9 H Sigma /37 ; Escherichia
coli IM109 | E. coli BL21, W4 H Transgen Biotech 2
Al; WVIEE Hind 11, BamH 1. T4 #4ZHE, WA
Fermentas 2\ ] ; pMDI19-T, pET28a, ExTag. PCR
RF], W H TaKaRa AF]; A NHRER. RIFEER.

IPTG, M4 H Amresco A ] ; RIS & . 4w 5L
K20 DNA 2GR & . Fob e Badi e . %
B, BCA fEH =i &, WH Tiangen A H];
BESEFI RN A 1.5 mL, W H Merk 2475 5149
i e R (Invitrogen) A 7 & R T i
HEFA Y A A TE R Ha bR o o ot
1.1.4 {2 £ . Waters Breeze2 =0 HH LHE{X .
Waters Acquity UPLC-Quattro Premier XE JFii{¥ .
PCR 1%, Bio-Rad /A,

1.2 7%

1.2.1 REFEMSBEMEEL: RALSEEEN
AW, BB EMRIK UL 75%B9RT . 10%IK 5
FREAALFE 2 min, JCRIZKEERECRG LATCHSY 157
B 2-3 em A4HEE, 4300l & T4 RE i PDA st
SR, PASRIR — UK BRI AKORT K B A SE B AR R AT R
FXTHE, T 28 °C (PDA K;3#3) M 37 °C (4 NS
FRIREFE 3-7 do MK MM EE Tk g
FIRAT

122 FREBNEREITGIE: KBS wbriE
FiF 100 mL AHRIE AR FRFEH, 28 °C 5 37 °C.
150 r/min &8 7 do DARFRERE A BER 30 min, 25
O, BUEHRINA 1:1 1 75% . BEFE S h, BasSik
4% 10 mL, ## pH Jy 2.0-3.0, IIAHFEIA 2/
ZERAEW, R R OERIZ B2 WA 2T,
A 3 mL A5 BEE RS 530 LR SOR AR 15
(HPLC)FI& AH (135 B ik 15 H (LC-MS) i ik -

HPLC 1. Waters Cg JXAHOIEHAE(150 mmx
4.6 mm, 5 pum), FEIE 35 °C, B EE K (AR
)=15:85, #FER 10 uL, i 0.5 mL/min, 0
W 324.8 nm.

LC-MS TAEZAF: Waters Acquity BEH Cj5 {f,
TEFE(50 mm>2.1 mm, 1.7 um), FWEIAHONE: 1%
FR(ZRJFR 90:10, PAEERR 70:30), itk 0.25 mL/min;
Fik o5 EST M5 LS, g PR i, £
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VWS (MRM)ZE . TAESBOH BANE R
2.8 kV, HEFLHEE 20 V, ZHHEFLHIES V, BT
TR E 100 °C, i 0 <R BE 350 °C, HESL AU
40 L/h, BEIEFM 700 L/h, fffERERE 156V,
123 FRFEBAEEKRS FEE: & LC-MS X
SEFELRIFIR I N A BRI 16S tRNA JE[H 43T %
FE, YEIESE R[], 16S rRNA LRI 744
RAEESE GenBank 4/, 2% CHR[8-91 7 kT2
TP HINT HR2 i R GE AR .

124 HNEEHALEETE: NAREFL4DNA
FEICR FIDNA SRR S 2, AR R 2R AT 147 1)
HAL & K hutH 3668, 35101 F : sense:

5'-GGATCCATGGTGACTTTAGACGGTTCTTCAT-
3" (BamH 1); anti sense: 5-AAGCTTTCATATGTTC

ATCCCCCTTAGTTCT-3' (Hind 111, ¥ 147 My4: 35
M I H ARG e T iRl s Tk el
BrfEfzpMDI19-THEUAR, &3 WHEALE. coli IM109
AN, DIMI35 [ TR S PCRIFIBE, FHYE
Tk AR E Y A wl T

1.2.5 HAL ERERFRIEFLEL : TR RG] &
FEIPHPE TR, B ok 5 2544 pET28a LA BamH 1
1 Hind ISR UL T4 RS, R
WAk E. coli IM109 B2, FAM: i1k E.
coli BL2I(DE3)fifl, #ALTFHFT LB Wik
3, 30 °C. 140 r/min 555 % ODgyy H 0.4-0.6, Tl
A 250 umol/L IPTG L 20 °C , 160 r/min 5 S: 155575
W, BZ 1 mol/L Tris-HCI (pH 9.0)Z% i H 2 )5
DLV B R % 30 min, B 3547 SDS-PAGE HL ik
For N e 40 2 1 RGA TR L

FHE A DR RZ T 4k, Rk B

BREEVEML(10, 20, 50, 100, 200 mmol/L), #lifk7E
M SDS-PAGE #iilll/5 LA pH 7.5, 20 mmol/L
Tris-HC1 /il 5% HiliE 7%, DL BCA 8 A& ik
F &I i

1.2.6 EHEERBFEMNE: HAL G SCER[ 1014
17, W AR AR 2 3L 5 1 =W PR PIRRTE 277 nm
TR, 2 mL AR ZRLTT : 100 mmol/L pH
9.3 HEWER4MN(t9FE 10 pmol/L ZnCl, F1 2 mmol/L 4+
BEHAK), 25 mmol/L ZHZFR, 10 pL ZlifkiE, LU
10 uL 7K Ry 25 OO R i 5 22 R AE 30 °C Tk
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5 min, JIAJEHYESLEINNE ODyy7 fH, 30 °C
30 min J5IUAE ODyy7 (H. MEARFRRPIEER. 5.
10, 20. 25, 35. 50 mmol/L) FAYMGI% J1. LA
AR 22 SOV Y Ko THF Vinaxo

PAL &I E HOSCHR111E4 7, DEFRNE R
i 2 B 5 7 W) I R FERR AE 290 nm B A IROG(E
2mL KW RZRUT: 50 mmol/L Tris-HCI (pH 8.5),
40 mmol/L L-ZENE MR, 10 uL 2lifkEH, LU 10 uL
K RZS TR, ARG SE BRI ODa fH, 37 °C
SR 30 min JSIE ODooo 1B I RE APk &
(10, 20, 40, 60, 80. 100 mmol/L)~ HYMEEHTE /1,
DIBUSIESAE R 2 SOV ) Ko I Vinao

2 ZR54H
21 HREFEMSE

MR . 25 BN AT 96 1k,
Hr AR AR S8 Bk, WAL 38 Kk, AR fEAFh
KRR B, NAERITESARAERIAR(S1 BR)FI
ZEG1 BB AT, MAER(10 #R)FIIE4 1)
D o Ko B Al A P9 AR B R B 2 L
EHIFEIBL IS, 3667 HPLC R, 4558 iR
— MRS A SRR N A AN RP1 9 & IR AL
B W) 5 g S R A i H A A [R] 9 £ 8 B[] FRRAIE
WK, %F RP1 #E—2 1% LC-MS SuFZs %0,
AR R RP1 5 2R b it E A AR ] 9 F2 B e ]
1.57 min (& 1A, B), JFEEEFEIEE L EAH
[F) (1) 43 SR B 5 T4 E m/z (- 353.22 FIF- B 1[4
Jemz-H] $#+1F m/z 8 : 191 (K 1C, D), [FRf, LC-MS
SRR, RP1 MR BE -5 PRI B A R ) £ 7
Al 0.96 min (K] 2), 1M R RR & 2% R A BT
) —Fprp e =8, DL E25 SRR, N4 RP1 REA
P = A RN R A A ARAE AR [R] A TGP T 4 D TR o
22 AEEMSTFEE

PL RP1 20 DNA Mt , FIH 16S rRNA
L BT PCR 338, X388 =4 s FH
BLAST 7£ GenBank "ifffT—EH8 %R, 450 ER
RP1 1) 16S rRNA %:[K 5 Bacillus subtilis YE S
100% , PEPES Fh ZEFIFT B i — 2D AR i E A S A
B, WAER RP1 5 Bacillus subtilis J& T —#HE,
1755 LA™ ZEFAT IR A B 19 e B % R AR Rz (1]
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95 95
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3 80 S 80
&75 a2 13
o 70 S 170
3 65 g 65
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< 55 g 55
g 50 2 50
S 45 < 45
S 40 L 40
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83 s
o
& %g — 4 [caffelc acld-H]-
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B 1 ZRIFEERFRGR(A). RP1IZEWI(B)A MRM &L E f14R[RE FRSRHT ESI-MS, ESI-MS/MS [Ri%E(C. D)
Figure1 MRM chromatogram of standard chlorogenic acid (A) and RP1 extracts (B), ESI-MS, ESI-MS/MS mass spectra of
standard chlorogenic acid (C, D)
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Figure 2 MRM chromatogram of RP1 extracts (A) and cinnamic acid (B)
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3)o LREATRESR, W LIENATE RPLJE T
M ZEHUFT I (Bacillus subtilis), W4T RP1 Y 168
rRNA 3t A F %1 /£ GenBank 1 9 & 5 K
KF053071,
2.3 M4 E RP1 A HAL EEAY5EHE . RikF0ls
EMNZE

KN A MR % & ¥ (Phenylalanine ammonia-
lyase, PAL), JEHYIA MERIFIR I ZE ARG AE 1Y K
SRR PR E G , TEAN R ZF FAT IR TP PAL JE Y
fiRiE, MTFEL4HE Y PAL 5 2H W2 fif 2 1 (Hisdine
ammonia-lyase, HAL)YA 7R # i EITRPES, PR LIAG
FZFHUAT I HAL M EERIEITHS 4, i) PCR 474

88 RP1

AT WAEMT R ZEAIAT R R RP1 1Y HAL L (&
4), MFLE L HAYEPK 2K 1626 bp, GenBank
Ho xF 25 B R B % 3£ [H 5 Bacillus subtilis  str.
RO-NN-1 ¥ Histidine ammonia-lyase (HAL)H 99%
AR, ZRBH H I SE R soRe il , BN ZE B HAL
5538k pET28a 4 A 1 4 26308 SO 22 BV I I0AIE
E 9 53K pET28a FIFER H B/ IMHAT 1)
et (18 4), 28] HAL JEH Fr Bt 5 335844 pET28a
PR o

SHH IR pET28a-HAL i E. coli BL21
PLIPTG 53356, 458 BRI IPTG iR
W T 510 15(57.5 kDY K /h—EU 4 i

4N Bacillus subtilis subsp. subtilis Ba3 (JF732748)

100

39

Bacillus amyloliquefaciens Rx-34 (JN086146)

Bacillus subtilis subsp. subtilis DDKRC2 (JN641290)

Thermoactinomyces sp. 60X-8 (JN578486)

Amphibacillus sp. IW/BP-GSL-WA (HM057163)

31 591 [ Halobacillus sp. S4B (2010) (HQ433444)

100 L Falobacillus sp. OMO8 (JN791401)
77 Bacillus horikoshiii sp. MB9 (JN215492)
[ Bacillus cereus NBSL24 (JN624919)
% Anoxybacillus gonesis P89 (FI808726)
46- Lysinibacillus fusiformis H3 (JN416567)
97 100 |; Lysinibacillus fusiformis VASB-NB (JN426807)

Marinilactibacillus sp. A3 (2010) (HQ433474)

Clostridium ghonii ASP-NB (JN426806)

94

Chryseobacterium marinum IMCC3228 (EF554366)

Lentisphaera sp. IMCC11369 (JN175275)

100

Pyrococcus yayanosii CH1 (EU682399)

0.05

Nitrosopumilaceae archaeon MY1 (HQ331116)

3 MAEHE RP1 B RGH LA
Figure 3 Phylogenetic tree of the endophytic bacterium RP1
T SR RS RS 203 ERBCT R AR SRR A RO IR .

Note: The numbers in the brackets are gene sequence accession numbers in GenBank. The number on the branch is bootstrap value. Scale

0.05 is the substitutions per nucleotide position.
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EINIPS YAOE | 7 S TSk S e = L SN IR S
ML HWEAE A 5), XRVFEHEARBN
i, HAL BB H T aEtERk . dt—2%
HAL FA 3R E H TR MZralife, 4598

2 000 R
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250— 500—
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4 RP1 B9 HAL &R 1E=¥)F1=ELH pET28a-HAL
[U=3IE

Figure 4 The PCR product of HAL gene and the BamH I
and Hind III digest products of pET28a-HAL

. M: DNA Xf/&; 1. PCR “¥J; 2: pET28a-HAL f% BamH I
1 Hind TTXUEELI 4.

Note: M: DNA marker; 1: PCR product; 2: BamH 1 and Hind [l
digest products of pET28a-HAL.

1 5 3 4 M kD
T *—116.0

‘-" m ”-“"-‘
N —66.2

E

..... - 50
b —35.0
- —250

El5 E{ HAL ZEEMIESRIEFLEL
Figure 5 Inducible expression and purification of
recombinant HAL protein
e M: fRER AN 1.
4. itk
Note: M: Protein molecular weight marker; 1: BL21/pET28a; 2:
Non-induced BL21/pET28a-HAL; 3: BL21/pET28a-HAL induced
by IPTG; 4: Purified recombinant HAL protein.

ZH#; 20 KiET; 3: IPTGIES;

S) gtk I, BCA A E &
F4) 25 11 P b 0 2 S

il 15 I A2 25 SRR BB AL B 1 2 A PAL
HAL WD REREHS T , 18 5 %A [R5 46 B XU P k1 7 it
I, 455G DERLIEZRR NEYN Knld N
6.9 mmol/L, K. H 20.12s ", MiLIZERNEIR NIKY)
() K 64 64 mmol/L, Kol 7.4, XEHAHA
FEAMBIE YA AR, FehZEAWEELR N
RN

J 236 mg/L, 4fifk

=1 EiA HAL EARESEEN h FER

Table 1 Enzyme kinetic property of recombinant HAL

Vinax Kn Kcat Ko/ Kin
(umol/min) (mmol/L)  (s") (s~ L/mmol)

PAL 514

= 0.874 64.0 7.40 0.1
PAL activity
HAL i 2375 6.9 20.12 3.00
HAL activity
3 4

2R IR AR YO, BA 2R ORE
FAEBE I, B2 Y IR AR E B2V o
AR RIBERS ™ A= A AEMIAH R 01 Qs , R
A2 AR AT 25 . AT 5 7 NG R AE Hh i
W ek IR AR, AR R B ERE , el
FEN A ETERLIAR PRI S, X AT A A R
A FHRBR A EEE T SRIFRRAE 4 AL AL
AP SRR, AT RIZ KLU B,
I FEAR RIS v S Bl AT 5 5 P 2 TR 43 A A
B2, ATRERY SRR TAE ) BN AR TR A 2R SR R A
R E S 5 X R R, Bom s A
THIVIRIINME HRIZANM. X P o e i
AT R RSO R B , g LC-MS 2%
s T —WRor B A AR AE AR Y RE K ™ AR A% R
AINZEANTEE RP1, [RIE RP1 R BER PGS 1 4%
JERRACH ) — PR I EERR . XF RPT Y2145
UL & AN G2 HUAF I8 (Bucillus subtilis), A
AL A e 538 7= SR 10 PR A LA AR, s
e KB 2R IR ) N AR RS R ZE AT, A 2
T T 7™ 2 SR P9 R O A8 32 DX G T T

http://journals.im.ac.cn/wswxtbcn



1894

WA 38R Microbiol. China

2015, Vol.42, No.10

HHCHGE , X AR RP1 AAFGY AT DA i He
SRR A JE R ST

PAL LR &M E iU N R, B2
R RIRAE P SR IR R I 5 — N JCHERG, AHIFST L
Wik 2EAT T HAL MIEREEETE1Y, Teptas
T INAEMEZEAT R ) HAL FEK . DBES I 2 ]
DIE Y, B EA PAL Fl HAL SUNAERHE M,
DA [ e B 4 S R AR TN R M IR A5 2 A T4
B K AR/ NE A E YR A 1 i Y 4L 28R
HAL 1 PAL HA & p8 [RENE, AR )
SR, SN AR R A3, DR — S T R
BErfifl) HAL . HA HAL F1 PAL (X0GRE™, A
TE W5 20 TR FI 5 B 1 (Streptomyces  maritimus) &2 B
(%) PAL H.ZE (79I F K/ NVER S5 40 16 1) HAL 5[]
PR RAE HAL 185 AR A e A7 A
B PAL 7EJRRZHIR D, Hl RAE D BULR RS | 55
B HE N E R IUA PAL feel " %z
M B ZEHIFF I B HAL-PAL S RE R LE F B ZEAIT
EMANEE T, PAL DIREVT BEAL & 7E HAL R DIfE
THERAERONEM:, BE UL, PAL TR
Wi HAL Horfeitisk, W& 434k HAL/PAL
T A B AT SR A 1R DY 1) P A TR A G Y AR AR
RS L7/ i

ASBIFFE I PN AE R B ZE AR R 0 B ) ARARAE
BN [F) 1 5 A —FF 7 A 2 S5 R AN o ] 7= 4 1A e
MR, N4 HAL B PAL i1, figfifbdizd
R FR TN R IR 2 3, 7E RN R BR (Phe) fA7E ST
AT AR A N A R R, AR AR S
LC-MS MRIZs R —2, T PAL ZRAEMEH
REC IR A 1] 288 0 ) B ot IR 24 A ) 6 I P — 1 S e
a5, AR RETREAI T HAL AR &R &
FETE PR IR TN R R 5 A ZR TR Bead £ DA T 7= A R I
FiR o XIS /N IZ A B T REA 5 78 FAE AR R B ¢ R
FR A s, XTI — R R T HAR )
WFFE KA E -

2 % 3 Wk
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