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IR S (rel A gppA) 1T 5 K U5 F R T BL21
(XDE3) , yoel Y5 T4l 70 25 AT 7 168 strain, 45
Feakafi ikl B K A AT B BL21 (ADE3) , JFki§ 2 fdi
AR DHS e

1.2 FERFFME

DoarFrike. 5194 By b at DUERHEY)
AR A 58, ANTP 3K T New England Biolabs 23
), Plu il Taq i pi A8 Al K 2B VR it 44 2 R 4 [
AR E Yin Lab 3241, 3558 DNA 747 [ 5
£ (DP204-02) A ks /MR £ (DP103-02) 11
A RMAEARHE (L) A BRAF,

2) B AR o PR T A AR ER SOSUR Js  e
(B546018) . Tris SDS pH 6.8 (B546022) | Tris SDS
pH 8.8(C526033) M [ 4= T4 TR MLy A BRZS ]
Tris(V900866) .NaCl(V900058) . Wk (V900153) Iy
SLF Sigma A #

IMEHTAadH . ATP(A600020) F1 GTP
(A620250) ) T4 T A4 TREREOy A FR 2N 7], Tris
MgCl, NaCl 7| 443K T Sigma 24 v .

4) FEEAUL . E AL (AKTA™ pure 25,
GE Healthcare) | il ¥ % & X B 25 B0 W 40 4 (Jb 52
TRFRHRAGER A FRAF]D .
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T3 A 1 (pp) pGpp H 3 i il 3 PR PR T K A1
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WA E BL21 (\DE3) Flh HL 25 04T 15 (168 strain) T
PR B AG WA Z WY LB FHie, 55 9% 6~8 h; Bl 5
PREZ 7% T 50 pLiB 4K , 100 “C& 5 min B #7400
Ji9BE , 12 000 r/min B5.L> 5 min J&7 , BU5 pL (1) FiEVEN
R EFT PCR UV, 3775 DNA FBE B DNA R Bk
T pET15D 8 pET21b, #E17 18 % PCR S , % B
BEPAE 5 BRI e , A SR PR 471 0 7 A B
1.4 XKBHEEFR

A8 G TR 3 AR T AT 7 BL21 (ADE3 ) Jgk
ZAMM A A 10 mL S A MR PR LB 8 37 5
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1)RelA AL S . RelA LXATP HIGTP M )5
LRI ATP- 5" v () FE W IR Fe #4 3 GTP 19 37 i
b BACR R AL E A U™ ) AMP # pppGpp.

2)GppA WAL LR . GppA LA pppGpp MIEY),
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Table I Messenger molecule synthesis system

il e /(umol /L)

Reagent Concentration
ATP 8 000
GTP 6 000
Tris-HCI(pH 8.0) 25 000
MgCl, 15000
NaCl 100 000
RelA#% 1

RelA™ DL ATP #1 GTP M JEY , T 37 ‘C/ i
30 min J5 fdi ] Source Q 10-100 #4743 85 41k , #5153
G5P. BfiJ5 GppA LA G5P IR WAL A4 il G4P. 4
BSUE Yvel LA G5P Fl GAPYE MR, AL & i G3P,
1.7 &IERMN

T 95 “CL 1k [N, sk G (o FH 2R I S5 0 S 3N
A [] B 2 P il AR M T DTV, BR 25 8 A R o,
Ryt R Al O A%
1.8 {51E5F(pp)pGpp - Bir4h

S G5 TR B, AN ZAE A
BILA TR A8 T, SR O Sl P 22 4 1) O stk AT alifk .
AR 5 I 0 1 ) T A F A S [ 1) Source Q 10-
100 X5 {1 43 F iff — 25 43 g $2 2, o A buffer: 25
mmol/L Tris pH 8.0, B buffer: 25 mmol/L Tris pH
8.0,1 mol/L NaCl,
19 % F

R FH B R A K i I B0 15 1 7 e B T 2 1Y)
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110 RENE .
N BT A B (pp) pGpp 1 3FPEFIEA relA (gppA .
GUERAEN C:ﬁ X0 AR B3 (pp) yucl, )\ E. coli BL.21 (ADE3) 1 Bacillus subtilis 168
pGpp B EE , AP, C W, mmol/Ls M A5 73 5 strain 3k 5 40 vh 52 B 31 pET15b 5 pET21D #4044 I,
(Y BE /R Ui, g/mol, GEP \GAP .G3P 41510 683.14 . EATHR AR A Mk, WA 1R , 2400 % FUZAT
636.16.518.14; : {5 {73 7 BT G R B, MUK 13.6  FNES T34 )2 4T, 3 Pl (s (0 007 A JS G 2 1 4 B 7

(pH 7.5); VA5 50 T HYFE AR, pLo M RRRARE | °T RS 640 T IR AM 4 1
PSF WERM u M 36 38 40
i ] 16.0 2001 — = I
: 6.0 RelA - ‘
gg 150F - e -
5.0 -
g 100F -
A 3.0 5 = .
50F L -
18.0
0 n 1 " 1 i 1 -
13.4 20 40 60 P
100 PEBLAREYmL Elution volume
P MS FWER
1500r Gpph
g 1000F
<
D E 500F =
C e S———] e e 1
20 40 60
BEEAAFY/mL Elution volume
37 39 M
2 000F Yve | g §
—
G H 1 =
——-——
| —
1 -

020 40 ®
VEBEPARmL Elution volume
AT B A C 23502 Rel AL 2R AR T SDS PAGE I B B 732 2 M LR SDS PAGE [l . B D JEE HIETF 3l 7
GppA BAEEAZHT SDS PAGE I B F A HUZ i K A SDS PAGE el G . H A T4 51 Yvel M 32 /12 SDS PAGE Rl (&
TACHIZ M A SDS PAGE IR o P 2R RIGHT I 205 A TLHE 5 S 2Rm KA AT 2R IS A 10 B3 5 F 2R T 20 Uit AR il s W
IRERR AL ER IR AT AORE B s E R TR A 2R FRE Y s R R B A B A9 RE s M 2R 2 (4 marker, Fig.A, B and C are Rel A" nickel col-
umn affinity chromatography SDS PAGE gel image ,ion exchange chromatography peak image and SDS PAGE gel image, respectively.Fig.D,E

and F are GppA nickel column affinity chromatography SDS PAGE gel image, ion exchange chromatography peak image and SDS PAGE gel
image, respectively.Fig.G,H and I are Yvcl nickel column affinity chromatography SDS PAGE gel image , ion exchange chromatography peak
image and SDS PAGE gel image, respectively. P represents the precipitate after lysis of Escherichia coli; S represents the supernatant obtained
after lysis of E. coli; F represents the sample after bacterial liquid flow through; W represents the sample obtained when eluting impurity pro-
teins; E represents the eluted protein sample; R indicates samples in resuspended medium; M indicates protein marker.
1 FEESFARBREINRIZLSN
Fig.1 In vitro expression and purification of messenger molecule synthase

22 EEASTFEREEENE WA # 5rF GSP (] 2A) . GppA 4k G5P Y 5" % y
RelA LLATP#IGTP WUk 16 ATP (5" 3 (UBEER BT Z4 45 h GAP (K] 2B) , Yvel DL G5P 5 G4P Hy
BILBEMRSL AW, B B GTP By 3 U R 3, & IR ML G U™ G3P(E 2B) .
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A:ReI ARG TP AR T G5P; B:Gpp Ak GSPARAF ST GAP, Yvel b GEP {3 IUF AN T~ G3P; C:3FMFE 4T iFA R 1A
A:RelA catalyzes the synthesis of the messenger molecule G5P from GTP. B:GppA catalyzes the synthesis of messenger molecule G4P from G5P,
and Yvcl catalyzes the synthesis of messenger molecule G3P from G5P. C:Schematic diagram of the synthesis of three messenger molecules.

B2 FESFEREEENE

Fig.2 Messenger molecular synthase activity assay
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2.3 AREFGXFHBEMZN

1) pH XHF i 537 G5P & A2 o W 14 %
H ) pHAK IR M Bis-tris pH 6.0, Tris-HCI pH 7.0.8.0.,
9.0, Glycine pH 10.0, Rel A" FH A ] i) pH i B¢ 100
5 W R 1 pmol/L. 4nl&l 3 firzn , GEP & il i fifi pH
Thm iz I, pH=9 i} G5P F= & it i, Rel AT [
TR, pH=10 i} G5P 7= & ) fi A% , Rel AT Ay
T PERER

60~

20~

[pppGppl/( e mol/L)

0% 7 8 5 R
pH
B 3 pHXEESF GoP SRR
Fig.3 The effect of pH on the synthesis of the

messenger molecule G5P

2) & BB A7 GSP & s . a4
Fi7s , 7 Tris-HCI pH 9.0 Rel A™ ¥ £ 4 1 pmol/L
RN AR o R R G B T Ca® (Ba™  Zn®T
Mn*" \Mg”" X5 fifi 50 F G5P & ML . 25 5%
N RelA™OfEE A Ca® \Ba™ Zn* I RNAK & o,
AT VL, A& 1 G5P s Rel A FE Mg® fF7E T,
A HUBCR e , GEP [ P= e fi o

200
= 150-
£
2
= 100
&=
£ so-
0 I n 1
Ca™ Ba* In Mn™ ng
4B F Tons

B4 £BEFMEESFGP AR
Fig.4 Effects of metal ions on the synthesisl|
of messenger G5P

3) J2 S st TRI A5 i 401 GEP A A R . 4 &
58 A Tris-HCL pH 9.0 Z8 T Mg Rel A3k i
1 pmol/L i SR AK F v, 7E 5~120 min B i (8] %E
K GSP 17 S i Wi in .k 4 B N s ) 4 v A
BRCR B CHRE GHP 4 i

4) i BE X E 4> F GOP & U S . 7 Tris-

1500

1 000

500

[pppGppl/( 1 mol/L)

020 "40 60 80 - 100 120 140
AfAl/min Time
B 5 KA EMEESF GSP BRI
Fig.5 The effect of reaction time on the synthesis of
messenger molecule G5P

HCIpH 9.0 780 Mg® " W B8] 4 10 min 4 52 b7 44
Z 5% 1.2.4.6.8 pmol/L i ik B 4 {5 fdi 4> T
GSP A2 m (151 6) . &S5 won , Wik EE 2 .4.6
pmol/L B RelA™ " (13 M fi 8 , GSP 1 bt 3 15 5
it 25 Al B TH i, GOP B P i S TR . AR R
735 U/ s I AR 2R v A R P A 1 T
4l B, YE#E 2 pmol/L 19 Rel A 8 Jy % 4% |2 1 i

e
o
150
T 100
3
=
5
R 50+
=
=
| 1 1 | 1
% 2 4 6 8 10

[RelAJ/(p mol/L)
6 EEMREXHEESF GOP AR
Fig.6 The effect of enzyme concentration
on the synthesis of the messenger molecule G5P

5) 2 B (8] X545 1 401 GAP & B2 IR . A4
e U TE Rel A AL LS 0 10 min J , 3%
A GppA 5 Yvel 4% 2L 2 45 B GAP 5{ G3P. X
B, Rl — L alifbi ] LIARAS H bR =4, e T 3K
iAo B, A FSEAE RelA™ & 1 G5P 1Y
Feail b R R AL S BUE 5> GAP .G3P Y 5 i .
£ Tris-HCI pH 9.0 Z8 I Mg® ™ .2 pmol/L Rel A )
W10 min & , AREEE N 1 pmol/L GppA 25 b, 4
N I ) S A5 1 43 T GAP & R s i (&1 7) . 4%
FAL IR BE B H] FE S {5 A 43 GAP 19 7 52 3% i 7t
o SRR G RUSOR , BEHUS N I [E] 20 min, 48200
1t Gpp A Btk &

6) U 3 X {5 0143 T GAP & LAY R . 7E Tris-
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3 60 _% 60
E B —
< 2 40p~
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&) = 20k
:
20— O 1 1 1 ]
5 10 20 30 60
I [A]/min Time

05— 1|0 210 3|0 /_615
IF]/min Time
B 7 REEEIHMEESF GAP SRR
Fig.7 The effect of reaction time on the synthesis of
messenger molecule G4P

HCI pH 9.0 % 11 Mg®" . 2 pmol/L RelA™ [z i 10
min J& , 4EL N GppA 2 5 K 20 min, 3R/ &R T A A
F4 TR B X 4 43 T GAP & i 52 ma (11 8) o 4%
PR, B8 GppA Mk B2 Tt 5l 73 7 GAP [ i 18
T, N 6 pmol/L GppA KW 20 min, {55 f#i 43 F
GAP 17 i e i o

150

100

[ppGppl/( . mol/L)

| | 1 | |
0 2 4 6 8 10

[GppA /(v mol/L)
B8 EgREREESF GAP S BRI

Fig.8 The effect of enzyme concentration on the

synthesis of messenger G4P

7) SN T) X5 A5 i 43 G3P & IR 2 . 7E
Tris-HCI pH 9.0 7 Mg®" .2 pmol/L. Rel A iz )i
10 min J& , R L2700 1 pmol/L Yvel 25 v, 8K
AT IS BRF ) %45 45 437 G3P & B 4 520 (181 9)
SER R BE S A SE G, f5 6705 G3P iY77 g
Wit e . W1 pmol/L Yvel W 20 min J& , 4 3%
AIHFETE

8) i e o X (55 il 437 G3P & i sl anil 10
iR, 4E Tris-HCL pH 9.0, %8l Mg®" . 2 pmol/L Re-
IA™ )7 1% 10 min J& , 4k 22 %00 Yvel 2 5 ) R 20
min, #RZE A [R] AR 5 {5 507 GAP 45 )8 1 2 i
SRR B Y vel VR EETH , 5 {731~ G3P Y™ i
BT e W 4 pmol/L Yvel 2R 20 min f& , {5 fif
53 F G3P ™ it fie i

9 REZRERHEESF G3P &R EI R
Fig.9 The effect of reaction time on the synthesis of

messenger molecule G3P
150

100

[pGpp)/( . mol/L)

50

1 L | | |
GO 2 4 6 8 10

[Yvel /(e mol/L)
B 10 BEREIMEESF G3P &AM
Fig.10 The effect of enzyme concentration on

the synthesis of messenger G3P

2.4 HIFNGTFHIERERNE

(pp) pGpp f5 i 43 F 2 5 IEIS G G I, 51
B E R EE (Gmk) IFHIHIIRE . E ARG
REAFAEDTT, FrAgifb EH 2R ARMDTT, JFH
Oy TR aiAL;, %M n 10 mmol/L MgClL,( Bl 25 mmol/L.
Tris-HCI pH 8.0, 150 mmol/L. NaCl, 10 mmol/L
MgCl,) , 5 JH R I R T A 45 A 437 AL i A T g i)
SR PR A 43130 5 RN 5 AR 1 19 D7k (20 1) AT
ITC (isothermal titration calorimetry ) 3% . 1TC 3&iiF
TIEM A R 1 (Gmk) 515 150 F (pp) pGpp &
TERFUEARE (& 11, BEWIE 43 (pp) pGpp AT LAY
AT AT
25 ARERNMIL

WM 12 Fros , S E BT EAH L BT &
T3 ¥ U BN SN 7 ) 48 S -SSR i AT 4 B A
1o, B £ Z R MY R, BE SRS 2 A5 53
BB A YRR BRI I ik R LR
NG BATATA TR, LRI R
2.6 BARILESHT

G UE 7 AT g R (R 2) R, 5
[ A A R ST (o e 1< N e Y (o e
(pp)pGpp B RABEAL T 96 % .
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Tiia (L0111
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253 ~1.00F 1
= 5 L0 | ~1.00F 1
~2.00f .
§ & ~2.00F 1 5& 300 i
=T 2300k . ‘ , _ : : : : — = . . . ; .
~ 0.0F 3 .
:g —5‘3‘ 5ok K=(2:2£0.1) mol/. | o 200 K=(52952.4) mol/L 7 é %ﬁ _Z'OjK;(zx'%n'ﬁ) " ]
ER TE L ]
EE a0 : | &F ¢
S :—Ej ,é. —640' -
= 0 i 2 3 4 T 2 3 3 % 0 1 3 3 4

G3PEGmk T &t L
Molar ratio of G3P to Gmk

GAPE Gmk 4 T &k Lb
Molar ratio of G4P to Gmk

GSPEGmkIT 4 JIT 1) it 1L
Molar ratio of G5P to Gmk

11 {E1EHF(pp)pGpp 5 Gmk W EAEIGIE

Fig.11

RNRE Y
Reaction mixture

l

95 C#%S5 min 1E S
Stopping by 95 °C, 5 min

l

SR Source Q 10-100 LA 0.2~0.6 mol/T, NaCl £k
BBIEVRIE , 260 nm AL AW e A A A0 (L
Load onto Source Q 10-100,elute in a liner gradient from

0.2 mol/L to 0.6 mol/I. NaCl as UV absorbance at 260 nm

JBiER A4l
Load onto desalting
AR P
Wash with ultrapure water
260 nm A0 EE A Sy K L

Elute as UV absorbance at 260 nm

|

Dried

12 ARUBEMIL
Fig.12 Synthetic pathway optimization

xR 2 AHEESFRAILLSHT
Table 2 Comparative analysis of the cost of synthetic

messenger molecules

R TAR Wi/mg WY WAk
Name Mass Market price Cost
G5P 0.30 1487.5 53.31
G4P 0.27 1487.5 53.31
G3P 0.23 53.31

TE R T RIZR PR R S [ 1A R A R ) B i £l
43 F 1 #% . Note: The price indicated by the underline in the table
is the price of the messenger molecule sold by Shanghai Yubo Bio-

technology Co., Ltd.

Interaction verification of messenger molecule (pp)pGpp and Gmk

3 i i

PEPEA 18 1) pH F 42 8 B = A5 11 70 15
RAETIRE R OG5, {H At PR 38 A 2 5 e 45 1 43 14
SME M EZERE . KIMEE T4 5 1k
FI2% T, B, A 5 i AR 28 0k OB, S fli 8 1 AR
AN G LA A AT HLI T, B 1k A 4 50 X575 4 73+
SR . A AR SRS B BLRAE 5y F 4
BAIE, AT Lz FHEI TTC 2047 . Takahashi 4 401 g
IE R EUE (50, SR R | H s 2 5 A 5 B8 ol
AEE M YR 2R AT A5 8 2 1 B9 A I, 3 — 2D kAT
HPLC glifb A5 501 S5IAH L, ARBFIE 85 1
WANG BT BT LU R — Rk A, AT
BURR IR A 150 s R JRURHET B T ATP
GTPHI A &5 RN ; = J& T AR vk [l 4 “CH:
1, ZE IR E RIAT 5 DU 527 B ] KR 46
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Efficient preparation of signal molecule (pp)pGpp

in vitro by enzymatic method

CHEN Chuanyu, TAN Fanjie, YIN Ping, ZHANG Delin

National Key Laboratory of Crop Genetic Improvement/ Hubei Hongshan Laboratory/

College of Life Science and Technology , Huazhong Agricultural University, Wuhan 430070, China

In view of the problems of high cost, long time and technical difficulty in the extraction and

synthesis of messenger molecule (pp)pGpp, a new in vitro synthesis technology was established and opti-

mized based on the existing in vitro enzymatic synthesis of (pp)pGpp. This method achieves the goals of

high efficiency, convenience, safety and environmental protection, and low cost. The results showed that

high purity (pp) pGpp can be obtained by reacting (pp) pGpp synthases: RelA, GppA and Yvcl in 25
mmol/L Tris-HCI pH 9.0, 15 mmol/L. MgCl,, 100 mmol/L. NaCl at 37 “C for 30 minutes, and further puri-
fied by anion exchange (pp)pGpp molecule.Compared with the traditional direct extraction from bacteria or

plants and the existing in vitro enzymatic preparation process , this method has the advantages of simple op-

eration, rapidity , low cost, and environmental friendliness, and can meet the needs of downstream biochemi~

cal analysis and structural biology experiments. More importantly, it provides a material basis for microbial

signaling pathways and the development of new antibacterial drugs.
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