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Abstract: Exopolysaccharides produced by Paenibacillus mucilaginous as flocculants have attracted much atention from wastewater
treatment in the food industry because of their better performance over traditional industrial flocculants. Phosphoglucomutase (PGM, EC
5.4.2.2), which is responsible for the transformation of glucose 6-phosphate (G6P) into glucose 1-phosphate (G1P), was considered to be the key
enzyme involved in the biosynthesis of polysaccharides. In this article, a pgm gene encoding PGM from P. mucilaginous GIM1.16 was cloned.
Sequence analysis showed tha the pgm contained a 1710 bp open reading frame (ORF). Subsequently, the pgm gene was expressed in
Escherichia oli, and SDS-PAGE analysis demonstrated that the molecular weight of the recombined protein was 63 kDa The optimum
temperature for the recombined PGM activity was 40 °C, but the enzyme became inactive once the incubation temperature exceeded 55 C.
The recombined PGM showed low activity in acidic conditions (pH 4.0~6.0) and alkaline conditions (pH 8.5~10.0), and the optimum pH for the
activity of this enzyme was 7.5. The K and K, values of PGM were 684 min™ and 024 mM™ on G1P, respectively. This work lays a solid

foundation forthe construction of genetically engineered strains and metabolic engineering research.
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Sphingomonas sanxanigenens i % 1A pgmG 3 [l fi
SR B 7%, X3 T 125 g/L e 8l

AT T T IR0 SFAAT B KNP414 (14 LR 40
7% (GenBank Accession No. NC_015690.1) &,
AT —AF N 1710 bp KIEGE pgm FE A Sl #
THRE RS, I HEERAS pgm 2R FPA, FRAER AT
BL21 (DE3) i THARIAE. FHFMIREE. pH LK
B 17545 7T X EE 2K PGM B3t AT 221k 5T 7T
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1.1.1 #Af

SCE M B R B il AT ( Paenibacillus
mucilaginous) GIML1.16 JE3E-T-/~ &8 A Yt e A,
A EH S8 =R AE
1.1.2 =F1XH/

FikfE EW N BL21 (DE3), wlEH LN
PET23a-CBD, HS:%: = fRfE; Primer Star HS. Mark.
DNA &3, FREIE A I Kpnl F1 Xhol JE3K T
Takara A9 TFA IR 7 RO & EZNATM
Gel Extraction Kit. Jiifi$gHGRA & EZNATM
Plasmid Mini Kit, 3K T M RZED TR FRA =5
T NE-1- TR . AT HE-1,6- IR . 6- TR T8l A HE M
ZH. NADP, ysigma F=fh; BCAEAHRA &, W
H T ra s U A HAA 0B 2 i 3 A 48,
B T N A B A A TR A ] .

113 %A

(D LBF;FRHEE: HEMR10g/L, BEEK 5 g/L,
NaCl 10 g/L.

(2) HEREFRHEE: B 10 gL, NH,CI1g/L,
Na,HPO, 1 g/L, MgS0O, 0.2 g/L, CaCO;0.5g/L, FeCl;
5 mg/L.
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1.2.2 pgm & B &%

HE 4 IS 4 f kT B KNP414 (GenBank Accession
No. NC_015690.1) H A B 2 T ) e 67 Wil B3 o7
Mg A 7 %1 (GenBank  Accession No. YP_004638602.
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PCR ¥ #4 (1) Wi A& % 4 50 uL:  Primer Star HS
25 ul, #5505 pl, FERFH 2 ul, LHK
22 uL, JEAWAIJGHAT PCRY 1. pgm A EL PCR
MNAEF: 98 CHiAE 5 min, 98 ‘CAxtE 10s, 45 C
iBk 15s, 72 ‘CHEfH 100s, 30 MEHF; 72 CHJGIE
il 8 min. K815 200 B K 1L IS R &
E.ZN.ATM Gel Extraction Kit %} PCR =447 a1
afifk, #IEESIBUIA. SEREEIRHE 1
i BOEHE I R ATIN o [ BHIESERY) pom A% R 1
%](1710 bp) 4% % GenBank, FE#15  KF528922.
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Table 1 Primers used in this study (5°-3’)
Primer Primer sequence(5’—3’)
pgmiF1l ATGAACACACAAACACGGGT
pgm1B1 TTATTTCTTATCTACACGG

PGM1F1 TAC GGTACCATGAACACACAAACACGGGT
PGM1B1 CGACTCGAGTTTCTTATCTACACGGCTC

i FHPGMIFL TR &4 KpnlBn4z.; PGM1BL T X4
J Xhol BG4 &, .
1.2.3 AW &EFoH

5508 % Blast Software(http://blast.ncbi.nim.
nih.gov). 755 % 5E i) PGM {4 BRAL 221 i 5%
ProParam T H (http:/Avww.expasy.ch/tools/protparam.
htm )3T 54T, 7412 5 Ext R A Clustal X2.0 #44-.
1.2.4 pom i B & KR BARME

MR EAA FHI A B 2R RF FRHE,  evh—Xt
BEUINL A 51 Y PGMIFYBL (R D ¥ iR E 1
pgm H KA BEbET pET23a-CBD #i44k L . % H Kpnl
F1 Xhol [RH BETIZRARF pgm FrBt. 1EXUEFY] A 2
W, B4R EE pgm F Bk 15 L, 10>M buffer 4 L, Kpnl
A1 Xhol % 2uL, K7K*ME 40uL, 37 CHEgY) 12 h,
B U ONZif s, # B BCSEEIE, JF
AL R KT BL21 (DE3) 23S, BT 8 A A
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pET23a-CBD-PGM

1 E4HRHI pET23a-CBD-PGM
Fig.1 The map of the recombinant plasmid pET23a-CBD-PGM
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WRREFR R, 37 CREFRI, 12HR 00 e
NG AMFER R NE SR LB ks - hift AT
i, 37 CIEESFEE ZE ODsyiA# 0.6 J5, MMAZK
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EAALEAEE: K1 LRER EES 1 g%
A EANRE, EERFMHTNHE 30 min, 5FH
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R 20 R R AR A B R S PR IE R &R 2 50 mM
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Fig.2 Hypothetic pgm gene fragments of P. mucilaginosus
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FHEES RN 63 kDa, HUSZEHIAA 4.89. KM
Clustal X2 #4172 EF ALY, FEBE3RA5 1) PGM
REERRT I CATHREYI M PGM 251 751 A
AR ZER (B3 o B FHAH PGM 125 1R
%1 5 Clostridium thermocellum(55%)(gi: 489613052)
F1 Saccharomyces cerevisiae (50%)(gi: 397624) X}
2 HE R T A M LR B &, 5 Xanthomonas
campestris(24%)(gi : 155395) #iI SuLfolobus tokodaii
(24%)(gi: 15621207)5%F 8.1 28 FE0 F7 51 ARCL R Bt
S, S EE AR ST DA T TR A 67 R
&R E T A AN R L BES G4 SR PGM R E45 1
s EOR ST o SRIUET BT EF AT PGM i 1%
HAALT 143 & 152 (iR SR T A2 E, fFE
GVVITASHNP FFHIHFIE, 1X155 C. thermocellum
PGM & 3% A7 s — B, 149 7 228 R g
ZZ HRWEL MR S, BRI
DIIGTDPDCDR <) B 145 G A FRA I RHIE . for
T 406 % 411 M EEERF VI BES 5 5 RYI 45 G
R BN ANCHGERZ PR PGM 751, {HADIT
FiT s B R R AT B 1 PGM R A B e Ik, 32
FH 7 PGM HIFRE,

Species Active site Metal-binding site  Sugar-binding site
p. mucilaginaosus (142) GUW! (302) (406) 'GYBESY
CL. thermocellum (138) GUV: (297) B (401) GFBESY
A. xylinum (142) GVV. (300) 13 (392) IAG
E. coli (140) (298) I (389) AG
Ps. aeruginosa (102) (236) PLGI (324) GH
N. gonorrhoeae (97 GVM: (233) 81 321) GH
S. paucimobilis  (98) GIQ] (233) BFGI (321) GH
P, horikoshii (95) GAY (237) (325) GG
T. kodakarensis ~ (95) GAW. (237) (325) GG
S. tokodaii 1) GVV: (235) (325) GG
S. cerevisiae (114) G (285) (378) FG
X. campestris (95) (231) (319) IAH
H. sapiens (112) - (282) (375) FG
O. cuniculus 112) -I. (282) F (375) FG
V. furnissii (95) SAC: (243) DIGIGTRHG R 632 - [efe]

3 BB GIMT. 16 PGM&E B 5 HAthih PGM & B IR
F Xt EE BT F IR EERT
Fig. 3 Alignment of the obtained PGM with those from other
spediesin the conserved amino acid sequences

JE: iXsk PGM &@ &8 T: Clostridium thermocellum (GI
489613052), Acetobacter xylinum (Gl 438427), Escherichia coli
(GI 473888), Pseudomonas aeruginosa (Gl 12230879), Neisseria
gonorrhoeae (Gl 730309), Sphingomonas paucimobilis (Gl
6103618), Pyrococcus horikoshii (Gl 14590777), Thermococcus
kodakarensis (Gl 51870681), SuLfolobus tokodaii (GI 15621207),
Saccharomyces cerevisiae (Gl 397624), Xanthomonas campestris
(GI 155395), Homo sapiens (Gl 585670), Oryctolagus cuniculus
(G1548497), Vibrio fumnissii (Gl 503970483).

2.3 HFHK G EE S

% pom F: K BGE FESE pET 23a-CBD R A #iAk L
RIS EHFIA MR R. W IPTG 5%, IEFIH

Y RAME ARG, FAFA ) T EHE H ,
SDS-PAGE Ik /MM &5 R iR, HAHR PGM K/NA
63 kDa (& 4) , X5FINFISE LB . gtk
] PGM LS 4 1990 U/mg.

M 1

. —PGM

97.2kDa— «
66.4 kDa—

44.3 kDa —

29.0 kDa—

20.1 kDa — g

14.3 kDa—

4 BSRREFHUT B GIM1. 16 £ZE 4L F PGM 22 HY SDS-PAGE 43 4T,
Fig4 SDS-PAGE analysis of the purified PGM protein from P.
mucilaginosus GIM1.16

E: LaneM: & @ maker; Lanel: #i1té9 PGM.
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Fig.5 Effect of temperature on PGM activity
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i) fodi i e A 2 1K, an kYR AL xylinum, F.
oxysporum £l S. sanxanigenens 25V iR A4 PGM #ix
i S B A 30~40 C ¢ ¥ ik VE T C
thermocellum F1 P. horikoshii 20 A EM () PGM 1]
BB IREAE 70~90 C AP Pl ik, PGM [ EHE 5
£ ] Be5 A A B ) — S8 A PR O

AT FiH A IR 2 FEAT R PGM . (R X i
7E 30~40 CLREFTE 78%0LL I, 5 R THERMAI I
PGM 1) fi il JE O A 7] o 15 e I3 2R A AT B () 0
HE KR 30 °C AE A HHRE AR AL
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2.4.2 pH X BeE M7 oA

FEANIE pH HZZM R I E PGM BB KA &
pH B HyE RS2 (] 6). PGM 1E pH N 7.5
i) (Tris-HCl ZE80Fi) , PGM FRAFIRAEE, TEMR
PR SBE VA H E VEYE . R RO R 43 1)
PGM [fiRi& pH Tk, WkiET C
thermocellum . A. xylinum . F. oxysporum Al S.
sanxanigenens ] PGM #%id& pH 1A 7E 7.0~7.5 2 [i]® 913
Y, TiskE T P horikoshii [f) PGM % i& pH W& &, H
B pHAE Y 9 Bl AT Firs B 5 2 AT 1 PGM
Wi 7% B S pH Y8 L pH 7~8 2 ], X5 i B
4> PGM ) f3d& pH B 1T 2 AR -

100
80
60 -

40

Relative activity / %

20

pH
6 pH Xt PGM g 5ERY 220

Fig.6 Effect of pHon PGM adtivity

2.4.3 PGM #93) /547

PGM X4 B - 1- BRI Koo 1 K H 23 1)
oA 684 min™ A1 0.24 mM. 3t K {3,  HAl A,
XA 2R A K . A EERYER PGM 1 Ky
{25 ARARKI, A i E 20 PGM X i % BE- 1- 1k
FRI1) Ko {8 EL R IE T C. thermocellum (0.41 mM) Al A.
xylinum (26 mM) i BEAL©® BT, 5ok E TS
sanxanigenens (0.21 mM)JE T [F—VERHI[9], 1E#&E T
JPET F. oxysporum (0.1 mM)AI P. horikoshii (0.09
mM) AT 253 TR 2R AT (1) PGM B
FEF PR EENE, A el EE-1-0ERR, TR
F-S. sanxanig enens /% C. thermocellum f] PGM RE[R] i}
1 P T80 - 1 B A H 3 - 1- R 1,

% 2 BT GIM1. 16 PGM BB HFS %

Table 2 Kinetic parameters of PGM from P. mucilaginosus

GIML1.16
JEA Kat/mint  Kp/mM KKy /(mint mMY

F 415 684428 0.2440.02 2850

3 i

YA SE T — b R 25 F0 A 1 3 2l BRI
AR B JE R pgme 2 PR o3 AT, %P 4 A 569
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BRI, E AN TN 63 kDa, B /5N 4.89.
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FEE BTN A B R RT o B T 7T
K, PGM B g TSGR A pH {57 40 C
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