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The thermal unfolding of insulin was studied at various pHs by an adiabatic DSC. The
involvement of self-association of insulin in both folded and unfolded sates caused complex
profiles in DSC curves. The exothermic heat effect due to the aggregation of the unfolded mol-
ecule was found to be associated with the endothermic heat effect due to the unfolding of na-
tive insulin at neutral pH and at pHs below 2. At a pH range from 2 to 4.5, the unfolding was
quantitatively reversible. DSC curves observed in acetic acid solution where the molecular as-
sociation is negligible showed a broad peak indicating that the monomeric insulin has a rela-
tively loose structure in the aspect of thermodynamic cooperativity.
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Fig.1 DSC curves of insulin observed for the thermal
transition at various pHs. Insulin concentration
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Fig.2 DSC curves of insulin observed for the thermal
transition at pH 4.5. Insulin consentrations were
2.5(a), 1.0(b) and 0.5 (c) mg mi~' The dot-
ted lines are reheating curves of a and c. The
broken line was drawn with AH =100 kJ mol-!
and AC,=0.6 k] K~ 'mol~! on the basis of

van't Hoff equation.
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Fig.3 DSC curves of insulin observed for the thermal

transition at pH 2.5. Insulin concentrations were
4.1(a), 3.0(b) and 2.0 (c) mg ml~'. The bro-
ken line was drawn with AH =110 kJ mol"! and
AC,=0.6 k] K~'mol~! on the basis of van't
Hoff equation.
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Fig.4 DSC curves of insulin observed for the thermal

transition in 10 % acetic acid. Insulin concentra-
tions were 6.9(a), 3.5(b) and 2.3(c) mg ml-L.
The broken line was drawn with AH =125 kJ
mol ~! and AC,=0.6 kJ] K !'mol~' on the ba-

sis of van't Hoff equation.



]

CERIMRE ORBIORIEENS,

42 A1) Y OREERDEAIESREOENL LT
ZBTENTE, KECLVHEAMERTHEASKE R
LELLUEBEELB (D LBbND, EIE, pH 4.5
~2 OFEHTPpHAEL R BT L E— 7 BEIEREA~BY
LDy —TRERERT LIRS Figl). LAL, —
7, HBET VL) DA IEBRBEHBNT—Erd
LZ0RG LANSL R B2BERANR NG, HERTHEET
BIgE, BVERBIIEEMHICHRTE A5, BHED
SEEICEBERARE L RETE L (O THMEER R
STNBTZDIZAH DN ENEEZ NS,

I

DASM-IMI{Z X 2l % &4 TIEV 72 KE Yale K%
Sturtevant #dZ 2 EZHH L 3,

X ®

1) T.L. Blundell, G.G. Dodson, D.C. Hodgkin and
D.A. Mercola, Adv. Protein Chem. 26, 279-402
1972) .

2) E.N. Baker, T.L. Blundell, J.F. Cutfield, S.M. Cut-
field, E.J. Dodson, G.G. Dodson, D.M. Hodgkin,
R.E. Hubbard, N.-W. Isaacs, D.D. Reynolds, K. Sak-
abe, N. Sakabe and N.M. Vijayan, Philos. Trans.
R. Soc. London B. Biol. Sci. 319, 369-456 (1988).

3) M.A. Weiss, Q.-X. Hua, C.S. Lynch, B.H. Frank
and S.E. Shoelson, Biochemistry 30, 7373-7389
(1991) .

4) Q.-H. Hua and M.A. Weiss, Biochemistry 30, 5505-
5515 (1991) .

5) S. Ludvigsen, M. Roy, H. Thoegersen and N.C.

Kaarsholm, Biochemistry 33, 7998-8006 (1994) .

C. Bryant, D.B. Spencer, A. Miller, D.L. Bakaysa,

K.S. McCune, S.R. Maple, A.H. Pekar and D.N.

Brems, Biochemistry 32, 8075-8082 (1993) .

7) M.A. Weiss, D.T. Nguyen, I. Khait, K. Inouye, B.H.

Frank, M. Beckage, E. O'Shea, S.E. Shoelson, M.

Karplus and L.J. Neuringer, Biochemistry 28, 9855-

9873 (1989) .

E. Fredericq, Arch. Biochem. Biophys. 65, 218-228

(1956) .

9) W. Kadima, L. Oegendal, R. Bauer, N. Kaarsholm,
K. Brodersen, J.F. Hansen and P. Porting, Biopoly-

=
-

o0
~

110

mers 33, 1643-1657 (1993) .

10) D.D. Jeffrey and J.H. Coates, Biochemistry 5, 489-
498 (1966) .

11) H. Pekar and B.H. Frank, Biochemistry 11, 4013-
4016 (1972) .

12) S. Hvidt, Biophys. Chem. 39, 205-213 (1991) .

13) L.W. Cunningham, R.L. Fisher and C.S. Vestling,
J. Am. Chem. Soc. 11, 5703-5707 (1955) .

14) B.H. Frank and J. Veros, Biochem. Biophys. Res.
Commun. 32, 155-160 (1968) .

15) P.L. Privalov and S.A. Potekhin, Methods Enzymol.
131, 4-51 (1986) .

16) P.L. Privalov, V.V. Plotnikov and V.V. Filimonov,
J. Chem. Thermodyn. 7, 41-47 (1975) .

17) A.E. Mark, L.W. Nichol and P.D. Jeffrey, Biophys.
Chem. 27, 103-117 (1987) .

18) P.L. Privalov and N.N. Khechinashvili, J. Mol. Bi-
ol. 86, 665-684 (1974) .

19) R.S. Lord, F. Gubensek and J.A. Rupley, Bio-
chemistry 12, 4385-4392 (1973) .

20) Q.-X. Hua, M. Kochoyan and M.A. Weiss, Proc.
Natl. Acad. Sci. USA 89, 2379-2383 (1992) .

21) R. Boelens, M.L. Ganadu, P. Verheyden and R.
Kaptein, Eur. J. Biochem. 191, 147-153 (1990) .

22) Q.-X. Hua, J.E. Ladbury and M.A. Weiss, Bio-
chemistry 32, 1433-1442 (1993) .

23) K.L. Williamson and R.J.P. Williams, Biochemistry
18, 5966-5972 (1979) .

24) R.L. Millican and D.N. Brems, Biochemistry 33,
1116-1124 (1994) .

€ F

KEHEPIEBTDA R > OBEOBES % R
DSC % iV CHA D pH TRz, 4 ¥ AN VIFEEILR
HLRTL, TORKFIREDREVATDSC M S R
ENTwi, BEpH B L UpH 2 LT CIZEHEIC & B3
Yo OB L FEHIEBHROGEEIINE D) BRE— 7 P8
FEN, pH 2 ~4.5 TIRIFITHOER L~ 7 LN,
FFEEVH RS CIIIEEIC 70— N i
L0, HEEOIRKETIIA VR Y Y SFOBPENRIEE
R DRV EATRIE SR,

Netsu Sokutei 23 (3) 1996



