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In this report, we describe that the use of GroEL/GroES-enriched S30 extract remarkably enhances the solubility and
enzymatic activity of cell-free synthesized rPA, which requires the correct formation of 9 disulfide bonds for its biological
activity. We found that the stable maintenance of redox potential is necessary, but not sufficient for the optimal expression
of active rPA. In a control reaction without using additional molecular chaperones, most of the rPA molecules were
aggregated almost instantly after their expression and thus failed to exhibit the enzymatic activity. However, by the use of
GroEL/GroES-enriched extract, combined with IAM-treatment, approximately 30 ug/m¢ of active rPA was expressed in the
cell-free synthesis reaction. This result not only demonstrates the efficient production of complex proteins, but aiso shows the
control and flexibility offered by the cell-free protein synthesis system.

Key Words : rPA, CECF (continuous exchange cell-free protein synthesis), molecular chaperone, 1AM

M B 4oy 344 FAFES A3 AT A3 U

Fero] S8 AFHA Hedl, ole EFom g vy

1) dubAel Wl 3d e 2 wud sy gl AETh Aoz £249 Y el A o) foly
FHAE ZFHAvZo] 22513 o2 AT 2908 & o of upet gl d Bapol whd ¥ £ 4FS vH = e 9
W9 WAL GRS HAE AXNA Gk o v A5 AHAA 2Ho| Bl Wl @Y, AxE
HE T 7 dAle B A =F5E S Qe o FE 58 dld FAVFES o83t A 344
2, 2% §24 N84 Z2AEe) S22 A9 A4 78 2 59 99AS SHSE PAE ol 29Y 34 A
T e w43 E Bud AN Suow ofguy] dAE  MITHCl 2E oY PASL ARHo FRY 4+ Yk
DA 7HAA BTk EW B Bajasd] G5k A B 7P AL 7N glo) FAEAR A0 27 HE ohE v
Ao wof, e G Ao fEA FH) 5 2L vy e 1% YAFdese g8o] 7uEn Yok). AZ
W sztolgks B3 AP oMo gl d FA whgo] &3

t Corresponding Author : Department of Fine Chemical A wkEAa g FAE BE A A dukA el A8l
Engineering and Chemistry, Chungnam National University, W3 vl 7R 2 A E] G A A g A A ueS
Daejeon 305-764, Korea FPNNA Hr g2 vz Foaly A-A) 2HL &
Tel : +82-42-821-5899, Fax : +82-42-823-7692 2 g3 FeEdY a94Q HE B8 galAde 1y

E-mail : dmkim@cnu.ackr

118



Park, C. G., Enhanced synthesis of active rPA in the CECF system

AR udE OMdY 29 AH5E 5 A& Aok
= Sof, HZ Kim3} Swartzy= 3188 0 2 A€ Ax 5
B ALE-S Tt o] ATE X FBT e FEAE
e gAs 84 g o] Fez A d ¢ e —Ev'—*ﬂ
X 0 AL S B3 g ab /IkE). A EA L v
S A EAANR Q5] 29 4 E4 & 93t B ]
FetATE 28R e Tl 49 AEA o Bo)
B7bsotE, FAE Tl A Al2w 9] V)2 H e A
ZA &9 (S30 extract) S B B AL S0 vhil A ghad 7]
o T %oi*}%&ﬂ Hrog o|gslAgte] o] Aoks
H

A =1}, 0] 5L 830 extractZ iodoacetamide (JAM) £ 0 2
e ste] g Ao EAste FUEAE S HBAFAZ
2 HA vl &9 FFEFXE 9% (glutathione buffer) S A&
3o S BUHAE FAToEZN AZF FZI)olA
(recombinant urokinase) 52 BN AL HAFHo 2 HHE ¢
piS =g

T B AT "ol 28 S PAY] FAE BE
e A7, AN A gL AR B
UEE PAS e JMg A0 Z QlE #A4 L Zhe PAY) *é%‘
31 oi WEE A htrh T3, ofof Yate, 7]E e 84
Z gw A Ao S 2 lstel AHA TR Al
2 AR = FAE AT o B =l
g0 Zte wre Aibgd e EAAHE FEFA 9
& I DHAE ) FAE HE A AFlo 9] A
7] Y3 A Yo, B Akw o] H7HE
u) 2

=]

4y
A o

il lo

o

W

14
_>L

A& 5 g olE A 83 A% 7
X oA By A 2w @) A9 A ZF tissue plasminogen
activator (tPA)S] &8 AF}E 7lasta Ut o] HA A,
Kim#} Swartzol] 93] B 315 v} o} 2.8 TAM 32 A E 53 o
o AHE 71We] A&y dild W T x HEE
RS A, w1 g oz A o] b 4ke
AAHE FAs Pe FAE gad wd gl gt
el B AAEE HFFO R Mo 2N %“q PAS} T E
e
Al

2 Hd o o fr X o
-
il
o

.1

—

Fol dA® F7HEE & & AUt )& F

=]

EIAMO.E A5 gk AL AL AE T EE o]
A E BE, Kims} Swartze] o] whe} 752 w-gol
stols BA3 PHE B4 £ Ure] FAFUT. o
A% Fohe TAS BHA BE 290 vg 24 8 g
379 2L Sato] AX WY L TF ) HHE
e aNAEe L0 BHT 5 e AL A
s ok
Mz 3 U
A 27 W BafaniS
PAL wWE G4 0o emplhesd, AZF

plasminogen activator (fPA) &) 22} A do] pIVEX2.4d ¥ H
(Roche Applied Science)2] T7 promoter2} T7 terminator A A}
olo] 22WW Sl pIVEX24d1PAS ALE314T)
BAZH Vg g 44 71FES AFE] 4T Ax
Z9 S30FFN)2 AT FF A9EREH Fdo Baug

of

119

HE)E et AU £, ¥4 A EY E3E A
A8 A=, GroEL/GroES £-& DnaK/Dnal/GrpE 7} #2& &
BL21(DE3) #F 25§ 8§30 F& 4 & A28t (717+E GroE-
$30 &2 o), Dna-$30 20 2 W3 A19 73 £ S30
220 By 30%E A7Etd AEE o

FHE CHE U S

HFEu2- A2 57 mM Hepes-KOH (PH 8.2), 1.2 mM ATP, 1.2
m M ATP, 7} 0.85 mM2] GTP, UTP 2 CTP, 0.64 mM cAMP,
200 mM potassium glutamate, 80 mM ammonium acetate, 12 mM
magnesium acetate, 34 pg/mé folinic acid, 6.7 pg/ué plasmid, 33 g
/m¢ T7 RNA polymerase, Z} 1.5 mM 2] 20% o}v]=4}, 2%
PEG8000, 33 mM phosphoenolpyruvate (PEP), 24% (v/v) S30
extracti FAHReH, o|F3 A FA aTHE

AL AF37) 8t S FEA Y FLSFEAZ

% Ao wet 727 GE HEE ERT SFEA L 45
(glutathione buffer)S HAF¥ 57} 5 mMo| HEE Arlsly F
Aok FAE WG] S AR E P F o g vﬂ?’f}ﬂ
A3 AP $30 FEAL t&g 0“01194 H7E o1l 1
mM 9] iodoacetamide (IAM)~ 718k
o 830 FE Yo 2 FHEL %“" A AG ol
s} ok 0)331 A% isomerization ¥F2-2] 22 & ¢
o] 75 pg/mé &) DsbCE Aol what H7Hst FThS). A&
FAE gl A HJ% (Continuous Exchange Cell-Free
synthesis system, CECF)*= Roche Applied ScienceAl Z K- A Z
o u9.7]9l HES-AX] (ProteoMaster) S o]-8-&}of, Wk-g-of
100 4 2 718338 (Feeding solution) 1 ml &} 7F 22 30T
o4 800 rpme] Wk} 37 AR AT R LA =
Ao wgol o] 23 EYsLE, S30 extract, tRNA, DNAY} |
=] et

WHE rPAS HE U WHEEN

DA o) AFe M E FH(6)9 WS Tet Pt
& 2 BrE Bl F o) 7184 L anti-Histidine tag antibody & ©]
431 Western blot /:1% Eslo] #olstgtt. 1PAY A&
Kim Sof &) 208 ) wet pAg w37)2el
$22889) FHE z}%— S mme) 4 273 3ho] FH 5T

(pIVEX2.4d- rPA), n}:uﬂ F,©
stof gsfalglon, dojl 4%— HEA 44
HHE-of whg-ol Bl ) H A FEH ] 2o 2

Ao A, Epav=Y FEE

o ==

%é}a‘iﬂ 45432}
1 pg/mt AR S7HAF ) o
2ol g HEF A F7HEe & AL, T ol F8
202 Fra e & HstE Hol A FkthFig. 1A). 34, &
g B A de 2 A= PEPY 5 E WA
B 73} Fig. 1Boj| A H.o]&= uhel 2o] 33 mMe] PEP 5 E ol A



120 Korean J. Biotechnol. Bioeng., Vol. 21, No. 2

12000 12000
| E A ® B .
< N |
S 10000 . < 10000
o a
2 o000 | . . . 2 go00 * -
< <
@ &
| 6000 T ~ 6000 - .
i b [}
PR N
@ 4000 o 4000
£ £
S 2000 S 2000
» . ) <
>
| 0 0
0 008 01 015 02 025 0 10 20 30 40 50 60
Concentration of DNA {(ug/mf) Concentration of PEP{mM)
o o - _ e -
|
12000 18000 ‘
.
£ 0000 ¢ E 16000 f D * o
I = s | -
o . Z 14000 |
€ sooo . . € 12000 - \
S T 10000 *
S 6000 * : * o :
b 8000 |
o N
@ 4000 @ 6000 \
£ 2 - |
H £ 4000 |
S 2000 < i
@ ¢ @ 2000
0 0 ‘
0 05 1 15 2 25 3 0 5 10 15 20 25 ‘
Concentration of amino acids{(mM) Concentration of magnesium acetate (mM)

Figure 1. Optimization of the reaction components for the cell-free synthesis of rPA (Panel A, varying amounts of the plasmid pIVEX2.4d-rPA
were added to a reaction mixture containing 10 mM magnesium acetate, 1 mM amino acids, and 24 mM PEP; panel B, varying amounts of
PEP were added to a reaction mixture containing 0.1 ug/m¢ DNA, 1 mM amino acids, and 10 mM magnesium acetate; panel C, varying
amounts of amino acids were added to a reaction mixture containing 0.1 yg/m¢ DNA, 10 mM magnesium acetate, and 33 mM PEP; panel D,
varying amounts of magnesium acetate were added to a reaction mixture containing 0.1 pg/m{ DNA, 1.5 mM amino acids, and 33 mM PEP.
Synthesized protein was quantified by measuring the insoulbe radioactivity of reaction samples as described in the Materials and Methods).
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Figure 3. Effect of molecular chaperones on the solubility of the
cell-free synthesized rPA (GroE-S30 extract, Dna-S30 extract or their
1:1 mixture was mixed with the standard S30 extract and added to a
reaction mixture for the expression of rPA. After 3 hours of
incubation at 30°C, the reaction mixture was centrifuged for 5 min at
12,000 rcf in order to separate the soluble and insoluble fractions.
The resulting supernatant and pellet were analyzed by Wetern blot
for the comparative examination of the product solubility. S, soluble
fraction; P, insoluble pellet fraction).
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Figure 4. Effect of GroEL/GroES on the enzymatic activity of tPA
synthesized during the CECF reaction. Cell-free synthesis of rPA was
carried out in a CECF reactor with 100 ;¢ of the reaction mixture and 1
ml of the feeding solution, respectively. After 24 hours of incubation, 20
i of samples were withdrawn and the rPA activity was measured as
described in the Materials and Methods.
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