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pET-29a M T i ¥2, £ RXMAFHE (Escherichia coli) BL21(DE3) ¥ &k ik, ¥ HAFH ATP A4
Aot XAEBe S L-BAABREEH (YWE) KA AL = RS =k (Ala-Gln). ppk2 KE % 810 bp, %
#5270 A& JL B ; SDS-PAGE % £ & 9 PPK2 A Tiat &KL, 4F 54 29.7kDa. * PPK2 ¢4 % &
BRL AR AT T R4k, 4R AIAEAE 22-42 C. pH 7-10 9B A Y TR0, A
37°C.pH A 7. 48 F (Mg™) KRE A 30 mmol/L. &4 ADP 5 < 1h & B840 K Z 5 %] 4 5 mmol/L
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Abstract: Polyphosphate kinase plays an important role in the catalytic synthesis of ATP in vitro. In
order to find a polyphosphate kinase that can efficiently synthesize ATP using short-chain polyphosphate
(polyP) as substrate, the polyphosphate kinase 2 (PPK2) from Sphingobacterium siyangensis was cloned
and expressed in Escherichia coli BL21(DE3). As an enzyme for ATP regeneration, PPK2 was used in
combination with L-amino acid ligase (YWfE) to produce L-alanyl-L-glutamine (Ala-Gln). The length of
ppk2 of S. siyangensis is 810 bp, encoding 270 amino acids. The SDS-PAGE showed that PPK2 was
expressed correctly and its molecular weight was 29.7 kDa as expected. The reaction conditions of PPK2
were optimized. PPK2 could maintain good activity in the range of 22—42 “C and pH 7-10. The highest
enzyme activity was observed at 37 ‘C, pH 7, 30 mmol/L magnesium ion (Mg>"), 5 mmol/L ADP and
10 mmol/L sodium hexametaphosphate, and the yield of ATP reached 60% of the theoretical value in
0.5 hours at this condition. When used in combination with YWfE to produce Ala-Gln, the PPK2 showed
a good applicability as an ATP regeneration system, and the effect was similar to that of direct addition of
ATP. The PPK2 from S. siyangensis shows good performance in a wide range of temperature and pH,
synthesizes ATP with cheap and readily available short chain polyP as substrate. The PPK2 thus provides
a new enzyme source for ATP dependent catalytic reaction system.

Keywords: Sphingobacterium siyangensis; polyphosphate kinase; ATP regeneration; double enzyme

coupling; dipeptide
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WilR B 7 (adenosine diphosphate, ADP) 1,
fik 4 R (acetylphosphate, ACP) N JE ¥ & &
ATP, HBIRRBCREE, HEKY ACP At
GE, Wrkgst, BRE T HAE T AR R N
T 2 VR4 g 2 AR P AR AR ADP ¥R BEAE 0L T~ A
A ATPY, (H BRI 1Ay B 5 LA 5 1%
7 B IR I BE U N B 2 (phosphoenolpyruvate,
PEP), Jf HHAMEML RN =Wy NERRR , ok
PEIE T, K R B0 2 40 i v R 7R 33 e )
VEFTY; B R It L G LR M AR L (inorganic
polyphosphate, polyP) MBS LA, ¥ ADP 4
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k& ATP. T polyP %5 il4& . MA&AK
B, PCT iz AL ATP AR,

LA 1 RBEIR I (polyphosphate kinase,
PPK) F%4r NWFh. PPK1FIPPK2, PPK1, —
Bt 600-700 PN IERAIAL, 7ELL ATP il polyP
VERIEMIRY SN, el 75 1L polyP, EMfE(L
ATP | HIBSREE R4 % polyP |, f5ciifT ATP 1Y
Refr'; PPK2 5 PPKI1 ElIEM:, 29 230 4
FARA L, ARy B, HIRYiEH
1z, FIEHHERR IR (adenosine monophosphate,
AMP), ADP %5012 30/ PPKR2 A LA T HEFI
AMP fifbA: )i ATPY, J6F PPK 1 ATP Hi: &
GEHTAREMEAEYM, . AREH K
D-AHIE-5-BERUY . LA, IR =R
5, (HZHUEHRYZ PPK1 i,

PolyP & —Ff b 85T B0 A IER IR ER 3R
A I R S T R 1T R R E R A KR8
PPK (U FEK A polyP (1) 10 MBERRER L) fATERT
A BHAWE, RS KEE polyP ML, RAAH)
i polyP (/0T 10 MHEIREIE) BA W R HLFH)
Tolkse4 1, Hik, F4kAT LU S SE polyP #¢
RSN AL R G A B ATP 1) PPK R LR,

A SCHESE TR IR T B B A AT R
(Sphingobacterium siyangensis) R % W IR 4 i
(PPK2), 5¢MEE 4L ki i Fa . 8 3k )
MG R, IR TN A K (L-alanyl-
L-glutamine, Ala-Gln) & A F2 1 AY ATP F4f:,
UER T PSS BT I 1Y PPK2 A A% polyP
HIRPIHEAT ATP 45, KA ATP BfEALON
TR R R R AR SR A TORTRE R IR

WEERE

11w
1.1.1  E#¥k. RAFA514
WU PH S S BT (S, siyangensis) 1.6855 .

&B: 010-64807509

KWGFFE (Escherichia coli) DH50., BL21 (DE3)
HIAS S5 % (i ;. FRIBEIA pET-29a(+) HIA S
AR, ABFSE T PCR 51¥0 PPK-f
(5'-TTCCATATGGCAGAGTACGATTTAAATGA
ACTTCAGA-3") #1 PPK-r (5'-TAAAGCGGCCG

CATCGTGTTTTGTGACGAAAGAATCT-3"),
AETAEY TR (B KA RS RS R
1.1.2 SREE T

Jokn g U & . Akl & A
IR AE YR A F] s DNA REGH . FR
Hil Pk NI . T4 DNA ¥ B2 M 4 i 78 A &
1 (bovine serum albumin, BSA) 4 | TaKaRa
AWl SR EE-B-D-BR AR FLBE AT (isopropyl-
beta-D-thiogalactopyranoside, IPTG) #1474
RWAAETAYTRE (L) K ARL
Ay EHS AR (Marker) W H Jb 50
RAKERCARA A @RS (HPLC)
il B TR S5 0 R 34 O B s g ], T A
Sigma /A H] o
1.2 %
1.2.1 EHEREE

DL FH 45 2 BEAT I S. sivangensis 1.6855 1)
PR, Al R S 5 [ 9% PPK-f, PPK-r
ol HAO L ppk2 (NCBI reference sequence:
WP_145326873.1), {58 PCR ¥4tk . #
FHER FIPE NI B (Nde TF1 Nor 1) # H A3
ppk2 FZEAK pET29a XY, Zifk)5FIH T4
DNA JEHR/ET 16 CiEHe 16 h, ¥ A E. coli
DH5o Bz 8410, TRIB%E (kanamycin,
Kana) #iPEFAe Fiiivk, 37 CR:FEAK, 2
J& PRI TR % JEAT T % PCR SGHE . BHPE R B
7% S /N, A RSO AT U D) 56 E
AT E TR pET29a-ppk2, FF45 HEL b A
E. coli BL21(DE3), MMk EAEE E. coli
BL21 pET29a-ppk2.
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1.2.2 BEEAMRIERREEZHML
PRECE 4H # bk E. coli BL21 pET29a-ppk2 Jill

AT 50 ug/mL Kana F/M S EE, 2
JGUL 1% (V/V) BRI B A S A 50 pg/mL
Kana [MFEE P iEATH° 55, 24 ODgp=0.6-0.8
B, WINZRE Ry 0.6 mmol/L 555 IPTG
HTEABFERSE, FHAMURE.OPLLL 4 C
7 000 r/min ()55 fFE5.0 10 min B BK, I
MK Ve B W R— W, Z 5 Bk %
(phosphate-buffered saline, PBS) ZZH (pH 7.5)
SRR AR, NN A AR R T R 7
(phenylmethylsulfonyl fluoride, PMSF) J5 %] H
7 2 L PR A A TR, 4 °C L 7 000 r/min
B30 10 min 75 2 0B AE g . A b
FEBLER N R IR I BEE FL UK (sodium dodecyl
sulfate  polyacrylamide gel electrophoresis,
SDS-PAGE) il 25 1 #Y KA 150 . P 1
SR . JE A, B SRS ImE, RER
Hh AR ) Bl R s R
1.2.3 EgAY4{l

TR H W s RIB A T S M H R H
Fik, LWEGE L HisTrap HP 25 FUZHT Ni f
PEAT AL, A BB iR (20 mmol/L
WKWK, 10 mmol/L #EMR —%(4H, 10 mmol/L #%
2 & 84, 500 mmol/L & fbah) AbFEH: T,
BRI DR 22 iR R A5 A T 5
M4, e HPERZE Pl (300 mmol/L
BEmE 10 mmol/L B§IE & 4N, 10 mmol/L W
FRE 4N, 500 mmol/L ZAAL4M) e HHIE
M, #3430 HNE A5 E SDS-PAGE il
j—:, FIH —=E0] 72 (bicinchonininc acid,
BCA) Y&l HHE
1.2.4 BEBEMNERZE

5 Wl R G A AL S B IR : - ADPH(Pi),—
ATP+(Pi),y, Hilt, WA ATP A
SE WG o ATP Al Al OB 3 (HPLC)

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

W %E, HPLC Kol & & tifb)ah . ki
N Cig (5 pm, 4.6 mmx250 mm), 587K
L, KK A 254 nm, AHEIR 25 °C, HEREE
20 uL, JishAHA 50 mmol/L #ifR — A4 5%
VR, SERREEVER, WA 1 mL/min. LA
RGN 25 A2 F T ATP . ADP A ifE i 25 4 il 1
KIWIF B B4, Pl A MR
I ATP. ADP &, A ZRA 10 mmol/L
] ADP, 15 mmol/L (75 BERAE, 30 mmol/L
) Mg” ) PBS %, ¥ 0.5 mg/mL PPK, ¥
# pH 4 8.0 5, T 37 CHI/KIBHIH Y 3 h,
99 C4JEBININ 5 min £ 11 2%, HPLC ¥
ATP (U, 8B ATP 23, ATP j#=ATP
SEPR =/ ATP B 7= i 100% . S IR 1 it 7
TR R BB A 1 umol ATP 2 1 U,
1.2.5 ERMBEGHMEES ATP K#EiEsEX A

- IR E R YWIE J2—FF ATP {K#i
fitf, ‘©AE ATP fA7E G O T LI -2 R &
R A REYE RN, BN YwTE BT AR &R
(Ala) FIAREBEME (Gln) HKY & AR AR
(Ala-Gln), & 1 FrzR, T Ala-Gln & #¢FH1E
ARG RN 06T 78 R 0 i P07

SIERRIZ PPK2 il 3E M, AEIARSNAIH
L-Z R A (YWIE) 5 R BRI (PPK2)
VE NP R AR R, LL Ala F1 Gln AJEY), H)
H ADP F1 polyP, #EfbAmL Ala-Gln, i
BB LTS TE D 2 7= 42 1 Ala-Gln VR, M
M E YWE 5 PPK2 B [A) /A A% SR . i
KZE K. 30 mmol/L ) Ala, 60 mmol/L
Gln, 10 mmol/L (¥ ADP, 15 mmol/L 71t
BREN, 45 mmol/L iy Mg>", F 27 CHIKIBEH
B, 99 C& RN 5 min &1L, KEE
TSR, BV, SR SRR AR A5 %
M Ala-Gln B9WREE, IFi1H57%, Ala-Gln j~
F=Ala-Gln 3777 B /Ala-Gln BE 5 Hx100%.
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) EEEAN BUUAREE (B 24) o HEIER ppk2 580k
pET29a 2 B il 14 P9 VI i Nde 1 F1 Not 1 XU V)
2.1 E4AFRHL pET29a-ppk2 BIHE T, W FIA R pET29a-ppk2 464k

LLS. siyangensis 1.6855 WM, MEHGIY  popers . & g 5om ol b B0 = 4 2 B 1S
X PPK-f. PPK-r 5 RO MR MG 0 0% 36 IR g i it 437 T 249 810 bp B4 H BRI - B A
ppk2, GINEMEEEIC KM, K129 800 bp 245400 bp M Ek A F B, K 2B firas, IEWIE
(9 H LA (PR R/l 810 bp), K/NS 4Bk i 2t .

OH
0 |C|) ﬁ L-amino acid ligase Os 0
‘ OH + QN ‘ OH
HN NH,
L-alanine L-glutamine | — — — [ T T T T T T 1
| ATP ADP |
I I
I I
I I
| (Pi),. (Pi), |
PPK2
- __ I

ATP-regeneration system

1 L-REREERE (YWE) 5R#SBRME (PPK2) BKASM Ala-Gln [RI2E
Figure 1 Schematic diagram of combined use of L-amino acid ligase (YWfE) and polyphosphate kinase
(PPK2) for biosynthesis of Ala-Gln.

A B

bp M 1 bp
10 000 1

7 000 9 888 pET29a 5 400 bp

4000 4 000

2 000 2 000

1 000 1 000

ppk2 810 bp ppk2 810 bp
500 500
250 250

B 2 FHFRMK pET29a-ppk2 HIHE

Figure 2 Construction of recombinant plasmid pET29A-PPK2. (A) PCR amplification of target gene ppk2.
M: DNA marker DL10000, 1: gene ppk2. (B) Double enzyme digestion verification of recombinant plasmid
pET29a-ppk2. M: DNA marker DL10000, 1: double enzyme digestion product of recombinant plasmid.
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2.2 PPK2 EEMIRIERFIEFHMIL

AW &L /ML . B R . BT
FIkJE, WeHEEIk PPK2 A E MMM .
TH A P DLJE R T SDS-PAGE, & B K/
i 30 kDa W HMET PPK2 (SEPRAK/NEH
29.7 kDa) WIhFE, I HFEMAET LR,
VLR HDARTROIRASAATE , S5 IIE 3 s,

Ak PPK2 8 IR R IA 554, B2 PPK2
PHSEIRE (16 C. 20 C. 25 'C. 30 C.
37 ‘C). WE] (4. 8. 12, 16, 20 h), iFHF5HIHk
B (0. 0.2, 04, 0.6, 0.8 mmol/L), & &M
Boli BS54, Z5RE 4 FR. SR
FHEARKWZIEALK, KRS RE &R
B OESEEAT 12 h EEARSEILTE—
;, BWABHFAEEAARS, YiFESFHHkE
A 0.6 mmol/L LA b i 45 4 8 A ROR i if-,
I H A 1 PPK2 WY feili £k & Eh 16 T
T 12 h, HEFFEE N 0.6 mmol/L,
2.3 PPK2 ER4k

PPK2 /Y C ¥y A3 His #n%s, i R AH &
H LA RS AAAE T B weh, R AR

PPK2 30 kDa

3 HBRIER PPK2 Ri&H) SDS-PAGE 43 #f
Figure 3 SDS-PAGE analysis of the expression of
PPK2. M: protein marker; 1: cell fragmentation
precipitation; 2: cell lysate; 3: whole cell.

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

kba M 1 2 3 4 5

75
63

48

35 PPK2 30 kDa

25

kba M 1 2 3 4 5

75
63

48
35

<— PPK2 30 kDa
25

<— PPK2 30 kDa

4 BWEAREFHBMK

Figure 4 Optimization of the conditions of protein
expression. (A) Effect of induction temperature on
protein expression. M: protein marker; 1: 16 C;
2: 20 C; 3: 25 C; 4: 30 'C; 5: 37 C. (B)
Effect of induction time on protein expression. M:
protein marker; 1: 4 h; 2: 8 h; 3: 12 h; 4: 16 h; 5:
20 h. (C) Effect of inducer concentration on protein
expression. M: protein marker; 1: 0 mmol/L; 2:
0.2 mmol/L; 3: 0.4 mmol/L; 4: 0.6 mmol/L; 5:
0.8 mmol/L.

YR T & BESEN (N FikdfrizE
HAEY B aifk, 258K s i, PPK2E M4l
5 2k BCA e, WREEH 1.2 mg/mL,
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PPK2 30 kDa

E 5 HBrER PPK2 B4k

Figure 5 Purification of target protein PPK2. M:
protein marker; 1: cell lysate; 2: retention of
samples on purification column; 3: purified sample
1; 4: purified sample 2; 5: purified sample 3.

2.4 PPK2 1B1L4E R ATP BY 5 bz FHL 1L
PPK2 R W AR R HE 0.5 mg/mL PPK2,
10 mmol/L Y ADP, 15 mmol/L FJ 71 ik 2
By, 30 mmol/L Y Mg” 1Y) PBS & itk , 1% pH
8.0 )5, T 37 CHIKIEHRN 3 h, 99 C4
JEIEINFA S min 2 1k, RE BERE &G,
VAT R AR g A, ME ATP 1Y
WRE o AN 2, A3 O b R AR
ZPBEE 22 C. 27 C. 32 C. 37 C.
42 C), pH (6. 7. 8. 9. 10), Mg™¥J&E (0.
10, 20, 30. 40 mmol/L) FIZ W JEYHSE (%
# ADP 575 ImERR AN B Sy . S A0, 5N
20, 10 A1 15, 10 120, 15 il 30 mmol/L), H:
AN, FEAT ROV . BERR LA — R B IR4h
M ANAMBEEREN T ATP F=R M b 17 7%
g2, GRME 6 Fin. REN 22-42 CHY,
ATP 8w, BIa N 37 C (K 6A);
4 pH 7E 7-10 B} ATP P&, HIGW
#Z5, HrhioE pH i 7 (K 6B); A Mg™
BN KA N, BEE Mg R i, ATP
FEE W AER N, BEES TR N 30 mmol/L H
20 mmol/L i} /% ATP = & A7 i E e+, B+

&B: 010-64807509

W HE K 30, 40 mmol/L A2 A5 I ATP 7 it fi e
(Kl 6C)o AWTLKY), J5 2N HEEE &+
WelZ M 30 mmol/L; MKl 6D FfsR, % PPK2
ALV EE polyP MR = AL A K ATP, J i
0.5 h, ATP /=R gik 3] THISER 60%L)
L, DI IRBERR AN M KT ATP 1973450
S REERRE NP 3.5 6%, KGRk
7S U W R ANV Sy W R AR 44 Hi 18] 6E-F AJ WL,

24 ADP 5 polyP MV B 43 511 5 Fil 20 mmol/L
B, ATP =i, HEA BB

2.5 PPK2 {1t ATP £ BIF=E

L 0.5 mg/mL PPK2 A, LI PBS 1E %2
M, ADP 575 R BERR MV 53324 5 mmol/L
F120 mmol/L B, TEfi&iRBEE 37 C. pH AT
R T RN, S53RAanE 7 iR, ATP 16
0.5 h W= P e, 76 3 h A fh P ik i
8, M 3.55 mmol/L, EF|HIEMEM 71.0%;

Xf PPK2 MIRETE AT T, DL 0.5 mg/mL
PPK2 NG, LI PBS fENZE W, S ik
N 8 mL, ADP 5752 &l ik B 43 51 ok
10 mmol/L 1 15 mmol/L, 7EJRE Jy 37 C. pH
g 7 W SAE R RO 10 min B, ATP P28 0] LLGA
F| 498 mmol/L, ItHS PPK2 MG LLIGHINE] T
124.5 U/mg.

2.6 PPK2 5 YWfE BXF4% =R

AR, ZRESAEE RSN B2,
BT A 7R A Fh 25 ) A2 o SR e B R R
T S. siyangensis PPK2 W3 1, TEMRSMAIH
- SR (YWIE) 5 BB (PPK2)
W EIVER, 47" Ala-Gln,

LLYWTE Fl PPK2 Sl A RFE, SOVARRA
30 mmol/L 1) Ala, 60 mmol/L 1 Gln, 10 mmol/L
i) ADP, 15 mmol/L FJ/NImBERR4N, 45 mmol/L
) Mg™", PREFPRN G —B0, A% pH
8.0, T 27 CHYKEHN, 99 C4xJam ik

PX: cjb@im.ac.cn
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A B
10 80 =10

Z 9t ] 3 9t
¥ = 1y
E 71 }/l’/‘ S E g1
& 6f 1= 8 6
g 5t 402 B 5¢

£ 4 f30a £ 4t
‘E o< 23

g 2 g 2f

° 110 >l
= 0 0 =0

< 22 27 32 37 42 <

Temperature ('C)

— (PolyP)s (PolyP)3 —— (PolyP)6 (PolyP)3

C

80 =10 - 80
NS 14 ERE 170
1608 £ 8 60 S
-50% g 6} -50%
1402 3 i: 40 -2
130§ 4 130 &
{20< £ 5[ 120 <

é ! 110

0 0

< 0 10 20 30 40

Magnesium ion concentration (mmol/L)

—

ATP concentration (mmol/L) O
SR WE LU0 0S
ATP concentration (mmol/L) m™
S e TS

"0 05 1 2 3
Time (h)

6 PPK2 {1t ATP 4 B S Bz &A1

0
5:10 5:20 10:1510:20 15:30
ADP: PolyP concentration (mmol/L)

F

80 = 5— 80

170 _ g 170 _

160 & 84»1/\,\_1_6()@3

-50% 5 3 -50%

1402 B 140 =,

130~ £ 2t 130 &

= 5}

20< g, 120 <
£1l

10 & 4 -(1)0
<7 10 20 30 40 50

Substrate concentration (mmol/L)

Figure 6 Optimization of reaction conditions for ATP production catalyzed by PPK2. (A) Effect of
temperature. (B) Effect of pH. (C) Effect of magnesium ion. (D) Effect of phosphate donor in reaction
substrate. (E) Effect of substrate concentration. (F) Effect of polyphosphate concentration. *: P<0.05; **:

P<0.01.
as 80
S 70
E 4
g 60 9
g 3 ]
% , 40 2
5 308
§ | 20 <
e 10
<

0
0.00 0.08 0.16 0.33 0.50 1.00 1.50 2.00 3.00 4.00 5.00 6.00
Time (h)

7 PPK2 1k ATP =%
Figure 7 Yield of ATP catalyzed by PPK2.

5 min ZabS . HARA IO A5, 43l R
YwfE Fl PPK2 WAL (101, 1:2, 115,
1:10). PREGECH AIESE (PPK2 SER N 0.
1. 2. 3, 4h 515 YWE BH). PIEGEEE
PPK2 HYWFH YU (5 F1 10, 5 A1 20, 10

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

M 15, 10 #1120, 15 F1 30 mmol/L), S I &
(27. 32, 37 C) FMIRNAZR pH (6. 7. 8.

9. 10), HAZMAAE, #ATRN, S5 RmE
8 Fi/n. WK 8A T/, 4 YwfE Fll PPK2 Mk
JEHh 105 B, Ala-Gln 8 R3S TREk s
b1 26F, MK 8B, Al UL PPK2 JE) i 3—4 h
J6 5 YWwE BcH & L Ala-Gln B, F24r=
WA PR, (HEEIRE R EME2ZS, PPK2
1) il 22 5 e T R O AR AT DAfE s ATP 1Y
TEARFABE, MWMiHEsl YWE #E1bA %
Ala-Gln; 4il¥l 8C ml L, 7& YwfE 5 PPK2
F R HIBF, PPK2 HYJIKY) ADP FI7S i 5 2 4
() e & W 43 B0 10 A 15 mmol/L, i
Ala-Gln 7= & ey, H B E & TR E N
5 F11 20 mmol/L . 10 F1 20 mmol/L F}fi¥) Ala-Gln
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FriEs Wi 8D AT WL, MR AE 27-37 CHY
HAEEYE, BN 27 CHE, Ala-Gln j= i
i, BERT 32 CHIA/~&; WE 8E 1]
W, PEGEEHAE pH b 7-8 B HA KA IE
Horr pH A 8 B Ala-Gln P 85 .

AU LS, HRTHRAZMET BN
fitg B¢ FH B Ala-GIn B9 7= & . P 0.3 mg/mL
YwfE #1 0.9 mg/mL PPK2 NG, ik %
M. 30 mmol/L A Ala, 60 mmol/L i Gln,
10 mmol/L i) ADP, 15 mmol/L F7SImmEi4n,
45 mmol/L i Mg™", B5ek PPK2 IS {K
R, 737 C., pH RN TWE&M TR 3 h, ZJ5
¥ YWEE A RN AR R, JF HAE IR A
27 ‘C. pH N 8 WM NI, BUREHEATHT,

ERANE 9 fifn, PPK2 Al YWfE fE 7 h 24
A= 1 Ala-Gln [ 77 & 5% &, 4 19.23 mmol/L,
PERIRF IS 64.1%, S5 EBERM ATP
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Figure 8 Optimization of reaction conditions for the synthesis of Ala-Gln by combine use of PPK2 and
Ywf{E. (A) Effect of YWfE and PPK2 enzyme ratio. (B) Effect of PPK2 first reaction time. (C) Effect of
substrate concentration. (D) Effect of temperature. (E) Effect of pH. *: P<0.05; **: P<0.01.
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== YWE+PPK YWIE+ATP — YwfE+PPK YWfE+ATP
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9 PPK2 5 YWIE BKAEMAA R
Figure 9 Ala-Gln synthesized by combined use of
PPK?2 and YwfE.

ATP U #& B B, TLEEAE BN s 2 R s 2 4
A, RS AATREs, LRI ATP
P RGIEIA A ATP R BRAR S I R AR 1Y
— PR RO . BRSO T T R K
LTRIGEE T T ATP BN, (HLEAHEIRY
k) X SR = Wi sl 7/
#, PPK 20 &S Mk £, T B Al
) PPK fiiZ N PPK1, LIRAE>10 1IRBER

F1 FFERIEPPK 3Lt
Table 1 Comparison of PPK from different sources

EONIEY, I HAERL ATP TEPEIS AR .

AT v B JF BB 235 1R U5 T B A
AT TE R BN (PPK2), i 5C
i PPK RUBHWEXT L ZBL (58 1), ABMASCH
SKIRT S. siyangensis 1.6855 [ PPK2 W] L) 45 4
polyP MKW & A ATP, HZ¥E 22-42 C. pH
o 7-10 B PRFRRCAFTEME, FERGE AT,
PPK {535 %] T 124.5 U/mg, ATP (7573 5k
BT 71.0%, 2 HETSCHERHGE o R E AR
ATP 7730 5 W R BRI G . JF Hoaz e
oL LA M ad Pk, AT DA By 4 B8 A S I I
pH [, W 55IEFKARFI ATP 4 B
HRSERE ATP M FADEIR . 7RI PPK2 #4 A% ATP
MAERSS L-AAEMREEM (YWE) BT,
LU Ala-Gln (2B, H Ala-Gln R 5 H
FEUSIN ATP AR, & T HARRIER 0 2R 4=
FERLEE 20% 25T o ARWESE S Dy AR R A
T At T 2% 1) v R In L 1 905 k0 5 %) A = B A
TARLFIY ATP 1R R Ge i U

PPK  Strain source Protein PolyP degree of Maintain good enzyme  ADP conversion Enzyme References
type size polymerization activity specific
(kDa) Temperature pH activity
(U/mg)
PPK1 Thermus thermophilus — 65.0 60.0-80.0 5.0-6.0 - 1.2x107* [26]
PPK2 Meiothermus ruber 31.6 65.0 60.0-72.0 7.0 - 2.7 [27]
NBRC 106122
PPK1 E. coli MG1655 77.0 6.0 42.0-48.0 7.5-8.5 15.4% 0.5 [24]
PPK2 Rhodobacter 38.2 6.0 42.0-48.0 7.5-8.5  20.1% 0.7 [24]
sphaeroides 3.0 B B B No
PPK2 Hydrogenophilaceae  44.0 6.0 25.0-35.0 6.0-7.0 - 189.0£13.0  [1]
bacterium
PPK2 Nocardioides 41.0 6.0 25.0-35.0 6.0-7.0 - 124.0£20.0  [1]
dokdonensis
PPK2 Sphingobacterium 29.7 6.0 22.0-42.0 7.0-10.0  71.0%+2.6% 124.5+6.2 This study
siyangensis (1.6855) 3.0 220420  7.0-10.0 20.0% -

—: no such data in relevant literature.
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