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Effect of osmolytes on refolding of E. coli malate dehydrogenase

LIU Jianhua, DONG Xiaoyan, FU Minling, SUN Yan
(School of Chemical Engineering and Technology . Tianjin University, Tianjin 300072, China)

Abstract: Recombinant E. coli malate dehydrogenase (eMDH) was expressed as inclusion bodies (IBs),
and the eMDH IBs was used as a real oligomeric protein to study protein refolding from IBs assisted by two
major osmolytes, betaine and trehalose. It was observed that the specific activity of eMDH was enhanced
by increasing betaine concentration, while there was an optimal trehalose concentration at which the
protein was favorably renatured. Furthermore, the renaturation could be improved even at high
guanidinium chloride concentrations (up to 0.4 mol «+ L™') in the presence of betaine or trehalose. It was
shown by binding of 1l-anilino-8-napthalene sulfonic acid (ANS) to eMDH as a function of osmolyte
concentration at different guanidinium chloride concentrations that the hydrophobic residue exposure on
eMDH surface was reduced in the presence of osmolyte. Circular dichroism (CD) spectra indicated that

osmolyte could promote the formation of a-helical in eMDH.
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D 75 I 200 PR W AL 175 3 8GR S 0 R IR AR
Bk EMAE . T 4CF 12000 r « min ' B0 15
min YA TUIE. K T0IE 20 A & 1 mmol « L7
EDTAY 20 mmol « L™' Na, HPO,-NaH, PO, &
WZE (pH 7.2), 2 mol « L'RZHME 10 mmol -
L' EDTA (¥ 0. 5% Triton X-100 J & ¥t i% 5 1% £
eMDH & 1A, il SDS-2R 14 4 Pk e 58 i L Uk K
W, B E s kS MDH W5 4 + & — 3
(32000) ,

LI 8 mol « LT'EERAK. 20 mmol « L' DTT
B 100 mmol « L' Tris-HCl (pH 7.6) ZZ i fE
AL E RIS T v . IR — & T eMDH £
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[6] 5 A — Tk 18 S B T AR 1Y O M % b
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Fig. 1 Effect of GdnCl on refolding of eMDH
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2.2 BEFIX eMDH £ 1R #E1E A

RT3 A S RN U BERE 7R eMDH & M ik
FIER . BT ARMEERIEE T, EEZHR
HAr BRI 0. 05~2.0 mol « L™ E3EH % 0. 05~
1.0 mol « L "¥g M, 4 C&EM 24 hJ5 eMDH 1y
P, 25 RAF £ 1. I &8 E R 0.05

mg * ml ',
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Table 1 Effect of osmolyte on eMDH refolding

at different GdnCl concentrations

Cancl Crehalose Specific activity Chetaine Specific activity
/mol « L™ /mol « L7} /U« mg ! /mol« L™ /Usmg!
0.1 0 226.35+5.35 0 226.35+5.35
0. 05 264.52+6. 88 0. 05 262.19+4.73
0.1 304.87+6.06 0.1 291.78+3.87
0.2 331.60+4. 43 0.5 336.06+5.16
0.5 399.11+7. 27 1.0 381.77+6. 44
1.0 355.86+10. 10 2.0 394.40+8. 31
0.2 0 280. 63+3.08 0 280.63+3.08
0. 05 304.34+5. 41 0. 05 288.31+3.99
0.1 327.15+5.72 0.1 290.57+7.47
0.2 356.40+7.39 0.5 355.48+2. 66
0.5 416.65+2.73 1.0 400.07£9. 25
1.0 363.45+8. 36 2.0 427.50+14.53
0.3 0 155.44+2. 31 0 155.4442. 31
0. 05 200. 12+4. 48 0. 05 158.8345.45
0.1 243.26+9. 25 0.1 175.4147.11
0.2 265.33+3.74 0.5 250. 36+3. 68
0.5 369.20+6.18 1.0 318.42+5. 66
1.0 323.06+8. 22 2.0 375.544+11.85
0.4 0 91.13+7. 36 0 91.13+7. 36
0. 05 119.074+6.03 0.05 116.3546.07
0.1 151.4144.99 0.1 131.2543. 94
0.2 223.92+5.11 0.5 240.18+5.73
0.5 355.15+5. 26 1.0 272.39+7.92
1.0 301.13+8.78 2.0 358.44410. 32
0.6 0 10.98+2. 10 0 10. 98+2. 10
0. 05 15.45+3.03 0. 05 11.58+3.01
0.1 22.0344.13 0.1 16.124+3.79
0.2 46.18+4. 00 0.5 31.4445. 81
0.5 88.7843. 86 1.0 66.05+6. 24
1.0 58.25+3.86 2.0 91.3148.57
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WV B (1 B W T . eMDH FLIE e iE Wi ok, Y
VB R B AA F) 1 mol « Lo i S R Js/)

35 % 28 1 30 T I35 A 1) O O 5 b ) R R
B, AETE S 0 SO T L M R R m .
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R . RO B Y5 FE R 0. 1~0. 4 mol -
Lo, A 38 0 I SR v o v A R A M S
eMDH (&£ %) 350 U » mg ' Vi b, B & T
TGN 70 Bef d5 3 R AR IRV ¥ (0.2 mol « L™ F
eMDH % (280 U+ mg 1),

FEH R B G R R MO 2 (0. 2 mol -
LD F (&2, M2 mol « L' #3Eak 0.5
mol « L' Ea ks, VS eMDH fy HL TG ] 3k 420
U-mg ', BAKEWHEHE (280 U-mg ) &
T50%,

MR R NS & R RE, BRIk B R T 0.2
mol « L™}, eMDH {4 N #8 J 54K 2 8] g K 7
AHEAE A A . (e R R AT
JEH 0.4 mol « L EF, WS & 38 W A HE % 0 a0
U SRR AT AR IIE e MDH 52 1% J5 35 15 41 X 19 3 HL g
(F 2) o 3K — 455 0 7t I 58 0 5 1 8 W 7 O Vs
;T eMDH & 1 # Toolk Ak B A A5 380 i&
VR B RS R B R, T DATE R R 1 R IV
BE AR B BT E RO . R e A 7 ok A T LA
Ul /N S A R TR A A5 IS BRI A 8 AT A P S
F 2R I TR AR, DT R A E — 26 43 g 4l b 2
FRODRHB AL 3, ARSI b, 3E B B )
Je o I8 BB AE B M R 0 R R IR vk B AT 0.2
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Fig. 2 Effect of osmolyte on eMDH refolding

in the presence of GdnCl
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Fig. 3 Fluorescent intensity of ANS bound to eMDH
refolded at different GdnCl and betaine concentration

betaine concentration/mol « L1,

1—0; 2—0.5; 3—2; 4—native sMDH

B, XHE 3. B 4, RISINBERE, 7E 0.1
mol « L™'f1 0. 4 mol « L' EhBRINAE R H ANS 45
JOLMREH BT, HAE 0.4 mol « LT M AHE
WP ANS SR DO 5 B B R 3k Ul B 7R X PR AR
BRI B2 R . eMDH 1Y 2 T i K P % Jk 7% 8% 72 )
HBUA T RARA, H 0.4 mol « L' Eh iR A
g K PR R L ) B R R B R, X Y Sanyal
XF sMDH By#F5E 45 R — 3. it eMDH & ¥ 9)
PR 235 R RHOE FA IG5 o] ot 244 R TR Ik A v (0. 4
mol « L") i, i F B AAD il eMDH W7 X Py 35
FI AL 2 1) ) i K PEAE ELAE T, IR A 5 4 &
G 7K R P R o S O B . R BLRR — R AR
ERRZER YR G R 0 PR S AR i L0 (3R
Do H 3% 8 7 E S mi s e s (& 3,
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(b) Ciaper=0.4 mol « L1
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Fig. 4 Fluorescent intensity of ANS bound to eMDH
refolded at different GdnCl and trehalose concentration
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