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coexpression GroEL/ES chaperone in E. coli
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Abstract

Molecular chaperones prevent the misfolding of newly synthesized polypeptides in the cell. The coexpression of

molecular chaperones could be expected to improve the production of soluble and active recombinant proteins. In this

study, the effect of coexpression of E. coli GroEL/ES chaperone on the active production of Bacillus macerans cyclodextrin

glucanotransferase (CGTase) in E. coli was investigated. Two plasmids, pTCGT1 and pGro7 in which the cgt and the

gtoEL/ES genes are under the control of T7 promoter and araB promoter, respectively, were co-transformed into E. coli.

With a series of cultures of recombinant E. coli cells, the optimal concentrations of IPTG and L-arabinose were found be
1 mM and 0.3 mg/ml, respectively. When IPTG and L-arabinose were added at 0.8~1.0 ODgyw and 0.4~0.5 ODe, active
CGTase production was increased significantly. This coexpression condition resulted in 1.5-fold increased level of soluble
CGTase (0.7~0.73 unit/ml), compared to the level of CGTase in the single expression (0.36~0.56 unit/ml). An
SDS-PAGE analysis revealed that about 33.6% of CGTase in the total CGTase protein was found in the soluble fraction

by coexpression of GroEL/ES chaperone.
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B Aol A8-e target AL Bacillus macerans )
cyclodextrin glucanotrasferase (CGTase)Z °F 70 kDa<] #
Ao R E. colll A vI7HEA BUA HEjz UdEs &
913te] [3,15] GroEL/ES chaperones} FWH< £3) 4
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Az gl eS8 E. coli BL2ZY(DE3)(F, ompT,
B, ms, (DEIE FL2 SFAEXRZ ALY} pET-21
vectordl] B. macerans ] cgt7} subcloning o] Sle
pTCGT1 plasmid W cgt #&2 T7 promoterdl] 9J3] =4
=1 ampicillin WA #3442 A&z Aot [15] 282
pGro7 plasmid W] groEL/ES @&-& araB promoters] 2|3
2453, pACYC1847F 71 plasmidZ chloramphenicol
Ad frddE st Ao [13]

Co-transformation

pGro73} pTCGT1-& E. coli BL21(DE3)9) co-transform-
ation A\ Zth. HAHEH E coli AEE 20 yg/ml ampicillin
(pTCGT19] )37 20 pg/ml chloramphenicol (pGro79]
Md)e] #H7hE LB agar iAol M A¥3lqct pTCGT1gt
&#3 oF= 20 pg/ml ampicilline] 719 LB agarsj A
o4 ddsglct

Bix| 2t vk =74

E. coli ¥i%oll= LB medium (1% Bacto-tryptone, 0.5%
Bacto-yeast extract, 0.5% NaCl)g A3l th gt @& o
#HE A& iAol = 20 pg/ml ampicillino] 3% LB 8} 2|
oM wjFetAiL, groEl/ESS} cgt T wiAE 20 pg/ml
ampicillin®} 20 pg/ml chloramphenicole] 3-4% LB #} 7]
ol M st cgt FEHS 918 0.8~1.0 ODsy & 1) 1
mM IPTGE 3718l groEl/ES S Y8 04~05
ODsx ¢ u] 03 mg L-arabinose/mlS Z7}3}ch. L-ara-
binose?] HAXTZ AA317] $)8) 10 ml LB tubeo] A wjok
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Fig. 1. Activity staining of host and recombinant E. coli
cells without induction (A) and with induction (B).
For the induction of cgt and groEL/ES genes, 1 mM IPTG
and 1 mg/ml L-arabinose were added on the CS medium.
a, BL21 host cell; b, BL21/pTCGT1; ¢, BL21/pTCGT1+

pGro7.
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FAok IPTG #7F 3 4 A7 3¢ A58 & #4418 3¢
stk 1 A3 #AF 48 L-arabinose $%7} F7184
g 239 F7tetela, 7 28 Ae] CGTase 84 &
1.3 mg L-arabinose/mlol| A 7} =& 0.66 unit/ml2 e}
#T+ (Fig. 2A). 18)31 CGTase$} GroEL/ES Tl A o] w3
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A% GroEL/ES chaperone @ d0o] CGTase &4 AES 7}
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Fig. 2. Effect of L-arabinose concentration on the cell gr-

owth () and CGTase activity (ll) in the recom-
binant E. coli BL21(DE3)/pTCGT1+pGro7.
The cell was grown 10 ml LB in which L-arabinose (0~
1.0 mg/ml) was added at the early-exponential phase,
and IPTG (I mM) was added at the mid-exponential
phase.

248 cyclodextrin glucanotransferases] 4§34t &

IPTG &7} Al7]of| 2 soluble CGTase2| A4t
GroEL/ES chaperone®] #2 f% AIZHg 2437 9
8 working volume 80 ml baffled flaskell HE % % 2
A7F A 03 mg L-arabinose/ml& #7138k, o]% 0, 05,
10,15, 20, 25 A7+ o 22 1 mMe] IPTGE A7baeith
1 A#, L-arabinose #H7} & 15 A7 FEA1Z1 3 1 mM
IPTGE #7kske 2lo] 0.73 unit/ml2 71 A Vet
(Fig. 3). Z18)3 CGTase 442 IPTG &7l ¥ 25 ATt 4
(B 6A17F A) EAo] H3 el gk, 1 ol ¥
e 2 B4 2 G BRI ok W 44
o HE 4ol F43) ORIV 647t o] 92
59 AAT wdAA Ha, 39 AAE gl $3
T &2k welxA H97) We]th. L-ArabinoseE
1t 15 Azt 3 IPTG #7be 734, wiek 12 AzE ) 7}
&4 2 H7lgAd 288 A7Y95sla (Fig. 4) CGTase
band (70 kDa)Z Image analyzerZ scanning #43}%t}.
CGTase ©r= dddxe= 7+8A B3 oA CGTase band
&o] 188%=% eVl GroEL/ES FWdo) = 27.9%
2 ‘4 32%7 Z7}8t9 Tt (Table 1). 121 G= LHA
£ CGTase & @A = 208%7} 7184 o2 A3y
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Fig. 3. Effect of L-arabinose induction time on the cell
growth and CGTase activity in the recombinant E.
coli BL21(DE3)/pTCGT1+pGro?7.

Cells were grown on 80 ml LB medium, in which L-
arabinose (0.3 mg/mi) was added at the early-expon-
ential phase (2 h), and 1 mM IPTG at the various time
(0~2.5 h after L-arabinose induction). Arrow indicates
the addition time of L-arabinose.

O0h v,05h[1 10k A, 150 $,20 O, 25h
Closed symbols, Cell growth.

Open symbols, CGTase activity.
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Fig. 4. SDS-PAGE analyses of CGTase expression and
GroEL/ES coexpression system.
Cells were grown on 80 ml LB medium in which L-
arabinose (0.3 mg/ml) was added at the early-expon-
ential phase (2 h), and 1 mM IPTG at 1.5 h after
L-arabinose induction, were harvested, disrupted, and
separated into soluble (S} and insoluble (I) fractions

Table 1. Comparison of cell growth and soluble CGTase
activity between CGTase expression and chape-
rone-coexpression systems

Plasmid Cell growth CGTaseactivity Percentage ofCGTaseprotein (%)
(Induced protein) (ODgp0) (unit/mi) soluble insoluble
T
pTCGTI 4.85 0.56 18.8 714
(CGTase
pTCGT1+pGro7
(CGTase GroEL/ES) 4m 0.72 279 58.6

AAY, Fado|A 33.6%7} 7HA
o] A7+ GroEL/ES chaperone}¢]
CGTaseo] %2 dtol 7184 CGTase

%2 Yehith

CGTase] galx 4 2 S48 Ayito] &
Roz AlgdTh
2 %

Chaperone #2h= AX WA AMZ F4E polypep-

692 / 4w 3+ets)A

HEshe 98¢ Mtk o cha-

tlo

tides®] misfolding

perone #2kote] FuE e Y Az g s
Z7ME 719 & Joh B Aol M E colidlA] B. mac-

erans &2 cyclodextrin glucanotransferase (CGTase)o] &
3% AAbol] GroEL/ES chaperone®}o] Futd 9] g2lo] o
3} ZARSIST) cgto} groEL/ES W AE H#Es= pTCGTL
I} pGro7-¢ 4z} T7 promoters} araB promoterol] 23] =
A7 0|58 E. coli cell¥] co-transformation A|ZAth A %
& E. colio) A IPTG9} L-arabinose?] #3 w5& 2A3s}7]
913 #3 A7 1 mM IPTG, 03 mg L-arabinose/ml o] A}
744 %& CGTase B4S Yepligith. 281 tubed A=
L-arabinose$} IPTGZ 2}2F 0.4~0.5 ODgw} 0.8~1.0 ODgio
oM H713E w E4Y CGTased] AJito] F7HE AT
GroEL/ES 34t8 zAd Mt 7184 CGTase #/4¢] 0.7~
073 unit/mlZ ©= W&l 036~056 unit/mlo] Bla] oF

15 8 A% Z7138 & 4 Adth SDS-PAGE EX A=
GroEL/ES W8 Z7dA % CGTased] 33.6%F =7} 7}
44 Fez AEE ¢ 5 A

ZAle 2
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