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Method for the construction of the high-expression system of Zinc-containing
enzyme with the coldshock vector in Esherichia coli.
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Summary

We purified the guanidinobutyrase (GBase, guanidinobutyrate amidinohydrolase, EC 3.5.3.7), which catalyzes the
hydrolysis of 4-guanidinobutyrate (4-GB), a in Arthrobacter sp. KUJ 8602, and characterized it enzymologically.
However, its structure has not been studied at all.

To elucidate the three-dimensional structure of GBase, we need the high expression system of the enzyme in
Escherichia coli, but SDS-PAGE analysis showed that the most of GBase was expressed into the insoluble fractions
with the general expression system used, and the enzyme was not able to refold by the dilution additive method
with urea or guanidine hydrochloride. We succeeded to express GBase with the co-expression of chaperone and

pCold plasmid, and this method would be applicable for other metal-containing proteins.
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pET3b, pET11, pET17b, KUpQE30% HWTgbh 2 5B S E72L 25, WTFNOFEBRITHBWTH VAR 512
BUFHIEEIZKA2 572, L2 L, SDSPAGED#R, T XTOFEBHRIIBWTH AEEEGI2E, KEICHEB Y ¥o8
PEPHEHAMERE L THEL TSI ERHLNE o7 (Fig 1)o

OB AKE SMIRFCEMR, BBWBIEY ICX ) 74— V71 v 7 & RA72H, HHM 5 28 r Bz
LN olze KiZTable 1075 AI FEHWT, M) H—7 727 %—, groEL, groES, dnaK, dna] % & D513 %
ROy EDWBEHREME L 720 AMBHRTIIpET3b, pQE30FHHLR L AT, DR TIED 50 W EEICARE 2%
W3 5HZ LA T&E7 (Table 2),

—7Ji, pCold X2 & —F%%& M\ /¥4, pET3b (JLift: : 0046 U/mg), pQE30 (JLiEME : 0229 U/mg) X0 &EwWw
WEERL72 ISy vy Ru v Ry ¥ — 0GR E W24, pGKIE-8 (Jkidtk © 7055 U/mg), pTf-16 (Jkif
P 03998 U/mg), pGro-7 (Wit : 2494 U/mg) KU PpKJE-7 (MifME : 2199 U/mg) &40, WEMhiEE L (¥
ML7 (Table 3).

«— 116.0 kDa
<+ 66.2 kDa Fig. 1 SDS-PAGE 1 (10% polyacrylamide gel)
Almost all GBase was expressed into
45.0 kDa insoluble fractions in E.coli. Lane I:

35 kDa BL21 (DE3) pET3b-gbh insoluble cell
< extract, lane 2: M15 pQE-30-gbh insol-
<« 25 kDa uble cell extract, lane 3: BL21 (DE3)
pET3b-gbh soluble extract, lane 4:
M15 pQE-30-gbh soluble cell extract,
- 14 kDa lane 5: protein molecular weight.

Table 1 Various chaperone plasmids

Plasmid Chaperone
pGkJE-8 dnaK-dnaJ-grpE

groES-groEL
pGro-7 groES-groEL
pKJE-7 dnaK-dna]J-grpE
pGTf-2 groES-groEL-tig
pTf-16 tig

Table 2 Comparison of the specific activities of T7 type
plasmid with chaperone plasmid

Plasmid Specific activity (U/mg)
Arthrobacter (Control) 1.030
pET-3b 0.046
pQE30 0.229
pET3b-pGKJE-8 0.452
pET3b-pGro-7 1.020
pET3b-pKJE-7 0.091
pET3b-pGT-2 0.343
pET3b-pT-f16 0.620
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Table 3 Comparison of the specific activities between Cold-
shock systems

Plasmid Specific activity (U/mg)
Arthrobacter (Control) 1.030
pCold4-pGKJE-8 7.055
pCold4-pGro-7 2494
pCold4-pKJE-7 2.199
pCold4-pGT-2 0.643
pCold4-pTf16 3.998

& 512pColdl-pGKJESIZ B W TR ZIRIE, ¥ v X1 ViFEEff, & o7 HFELE N e Mmat Lz 25, K
T15 U/mgDifitk &5 2 LITEI L7ze € 2 TARMAZMCT, fbohaz s v 87 TR L7,

Ni-NTA agarose (QIAGEN) & DEAE-TOYOPEARL (GEv—) o i ioru< 7574 —#HWTENENR
ATy T T A XPFATL D REH L7z (Table 4)o

T AR B L BHEICBWT, EHEICEDS W L BHERT A0, RS ARERENE L 25,
m#HIETE < % L7 (Fig 3, Fig 4).

116.0 kDa
66.2 kDa
45.0 kDa
40 kDa 35 kDa
25 kDa
14 kDa

Fig. 2 SDS-PAGE 2 (10% polyacrylamid gel)
Protein samples were taken at two steps (After Ni-NTA agarose and DEAE-
TOYOPERAL colum chromatographies) during purification of GBase from
soluble fractions of E. coli.
Lane 1, 2: Purified GBase of BL21 (DE3)-pGKJE8-pColdl-gbh, lane 3: protein
molecular weight.

Table 4 Purification of the recombinant GBase

Step Total activity Total protein  Specific activity Yield Purification
©) (mg) (U/mg) (%) (fold)
Crude extract 6469 758.7 15 100 1.0
Ni-NTA 2970 13.6 99 46 6.6
DEAE-TOYOPEARL 811 6.1 133 13 8.8
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Fig. 3 Comparison of optimum temperature of native on the activity of native enzyme
and recombinant enzyme.

After the enzyme solution was incubated at various temperatures for 30 min,
GBase activity was measured.
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Fig. 4 Comparison of thermal stability of native enzyme and recombinant enzyme.
After the enzyme solution was incubated at various pHs at 0 C for 30 min, GBase
activity was measured. The standard assay mixture (0.5 ml) contained 60 mM
CHES-NaOH buffer, pH9.0, 20 mM 4-guanidinobutyrate and an approximate
amount of diluted enzyme solution. After incubation at 37 C for 30 min, 0.5 ml of
125% trichloroacetic acid was added into reaction mixture to stop the reaction.

The precipitate was removed by centrifugation and urea produced was measured
spectrophotometrically.

(GBase activity was measured Thiosemicarbazide-Diacetylmonoxime-Urea method.)

E N al))
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