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Anal ys i c of the thermal unfolding of bovine serum amine ox idase 
by differential scann i n&J caio~‘imetr:~ I-Cv@al5 for the dimeprc 
p r 0 t e i n EC f CIIJ r doma in structure c 0 n 5 i 5. t i n g 0 f two se t 5 of 
dom J. i n s . Each “,c’ t contains two domains o-f similar size. The two 
ma1 1 er doma i nc., in contram.t with the lsroer one:., greatly differ 
i I) thermostabi 1 i tr. Removal of copper changes the calor imetric 
pattern dramat i cal 1 ;*I. The findings cnnf irm that the metal 
COfdi.trli. ,:t 1 3 y ‘E a ‘2. t r u c t II I* d i I- o 1 e . Since the enzyme contains tl.go 
c 0 p p e r a t cm 5. 3nd QYlil 1 ); one titratable 8: a r t6 0 i-1 y 1 gr ou p , t h e 
8: d 1 or i rnr t I-’ i c pattern ‘5 1, ‘4 g e s t s t h ? t the d i f f e r e n 11 e in 
thermos.tabi 1 ; ?: of t he two 5.m d 1 1 dcrra i n5 rrl 1 g h t be du e t o t he 
p I- I? 5 e n c c 0 f 3 ‘5. i 1 i g 1 Q 0 r (3 a I1 i C 5 0 f L7 c t o li . B 1988 Academic me**, Inc. 

At&rev i at i on:. ------- &J-J : 8SA0, bov i n e serum amine ox i dase ; F’oo, 
pyrrolquinol inequinone; DSC, differential scanning calorimetry. 
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am i n e ox i dase IESAU) has been invest i gated by differential 

scanninq calorimetry <DSCI of the native and copper free enzyme. 

[! s c. has been used as a tool for obtain i ng i nf or-mat ion about 

structure in several proteins I14,15,16,171. Resolution of 

complex ther-mcqrams i n t 0 Gauss i an f uric t i on5 ldeconvolut i on> has 

lead to the definition of structural doma i ns in a. number of 

c a -I. e E. , even when !  ittle st, ructural information was auailablell6~. 

Platfir i i!c. and Methods _--. 1.1---..1.2. ___. _____-_ 

6-i typIca pattern for the thermaJl:i i rl d?r r e d u n f o 1 d i ri 9 CI f rl $ t i v r 

B’GW i ‘3 SiimQn i li Fi 9, 1 . 

L IO p r e c I p i t 2. t i 0 n 1: a 5 observed after heating the sampie tc, 97Oc:. 

N 0 e n d n t )i e r in I.* .3 iI n r) t i c e d u p on r e he a t i n q t h e s amp 1 e . 

i’ a 1 u e f. of Tm <temperature a.t which heat capacity exhibi tc a local 

mdximumf, nI?l: ~calorimetric deilaturat :on enthalpy change) ,~IivH 

< 8.~ a r, ,’ t Hoff denaturatron enthalpy change. j an&Q <hea? capacity 
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Fig.1. Temperature dependence of molar partial heat capacity of BSAO. 

chanqe upon denaturat I Oil es,timated for the over.31 1 process,) are 

given in Table I. 

-r h e trmperature dependence of partial heat cape i ty does not vary 

w i t h p r 0 t e i n concentfat ion, since thermograms obtalned on the 

sane sample before and after tenfold dilutiun are related purely 

br a tenfold scaling factor. The aggreqation state of the protein 

should not therefore change during denaturat ion. 

The calorimetric behauior nf liatiue BSAU is ngt appreciably 

al tered by react i clrl of i ts cofactors lwi th vr~al 1 1 igands (e.g. 

phenyl hrdraz i ne for the prasthet i c qroup and 

diethrldithiocarbanlatr for copper). 

TABLE I 

Calorimetric values for BSAO denaturation 

Tm AHC AHVH 
OC kcal/mol 

ACP 
ltcal/mol°C 

overal 1 879-+9x 8.2+10X 
peak I 57.420.1 148511% 122+9x 
peak II 69.3kO.3 542*15X 206*4X 
peak III 77.8tO.5 165fi2 127-+8% 

Values are the average of three independent determi- 
nations. Error is expressed as avera e deviation for Tm 
and as percent auerage deviation for B H and&p. 
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A denaturat ion cufue lwi th three distinct peaks, as the one shown 

in Fig.1, usually indicates the precence of different structural 

dorna i n 5 i 11 t iie protein. The ratio ofAHvIi to&c Icalculated on 

the basis of t h e s.ubun i t molecular weight is much higher than 

uni tr (e.g.1 .A:) for peak.;. I and III: this means that the 

mol ecu1 ar weight of the cooperative unit is nececs.arily greater 

t h an that of a sing1 e monomer; f24j. The values in Table !  were 

consequent 1 :’ calculated 0 n the bas.is of the rriolecular weight of 

the dimer. The data sshow thdt in this case the ratio of&vIi to 

~Hc , which shou 1 d approximate un i ty for a two-state trbnsi?iori 

(25), is .8 for peaks I and III and .4 for peak II, Th i II- suggests 

that peaks I and I 1 1 , (>,I i t n i n the 1 imi ts of experimental 

uncertainty, represent two--state trans.i t i on5 of structural 

doma i ns . Peak 11, i n s t e .a d , represents a more complex process! 

presumably the denatura,t ion of more than one folding dornain in a 

single cooperative unit. 

1 h e tt~ermc~gran~s were analyzed by different decc~r~volutior~ 

procedures: the best fit iwhich accounts for their shape reiluires 

a m i n imum of four two-s.tate i ndepertden t transit ions. The 

thermodynamic values derived for the component transitions are 

g i v e n in Table II! and the shape of the four individual curves 

and of the resulting one are shown in Fig.2. 

14 h e n the copper-free derivative of E:SfSCi iwas heated i n the 

differential scanning cal or irne ter on 1 :/ one broad peak iwas 

observed iF ig.31 which is not amenable to deconvolut ion with lers 

than eight two.-state component transitions. Table III gives the 

calorimetric values relative to copper-depleted BSAO: the data 

must be taken with caution, s.inse they are greatly influenced by 

the choice of the chemical base1 inc. 

TABLE II 

Thermodynamic parameters for fitting the calorimetric 
data of native l3%0 to the sum of four independent 

two-state transit ions 

peak Tm OHa 
OC Kcal/mol 

xb 

I 57.6 139 17 
Ila 68.1 233 29 
IIb 69.0 280 35 
111 76.6 153 19 

a)AHc=nHvH 
b) percent of totalAH. 

69 



Vol. 154, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

70 

Temperature - ‘C 

Fig.2. Deconvolution of BSAO excess heat capacity function. 
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Fig.3. Temperature dependence of molar partial heat capacity of 
copper-depleted SSAO. 
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TABLE III 

Calorimetric values for copper-depleted BSAO denaturation 

Tm AHC AHVH 
Oc 

ACP 
Kcal/mol kcal/mol’C 

63.4tO.2 1054w 41:7x 54212% 

Values are the average of three independent determi- 
nations. Error is expressed as average deviation for Tm 
and as percent average devation forAH andnCp. 

-r tI e ?tiermal denaturat ion pat tern of native I EC’fql shows three 

separated endo tiirrrrl5 ( w h 0 5 e calo~irnetric enthalpirs are roughly 

i n p r 0 p 0 r t i 0 rl 1:4:1. The total denatu;at icbn enthalpy and heat 

! I  3 p a I: i t Y of RSAO are around the +.veragP that has been found for 

compact globular proteinri25:i. 

The c o!x p i Y ;< thermal unfcllding behavic~r of nat ive E:%O gives ~c~rne 

:. 1 ,,c’c on t h I? 5 t r ” r: t I, r $1 oryanization IOf the prote in . The 

ttlerrilc~d~rlarriic data r e I’ e a 1 that the dimer is the fundamental 

cr3Gpers? i ?‘e ?J 11 I t , n t 1 f? a 5 t .frjfdl- 14 i f f e (1 r n ,t d UT, 6. i n s may be 

reccqri;::ed: taking ? he tr-an5 i t ions enthalpy change a5 an 

i 0 d i c 2 t i 131i Of dotnairi size I115’i! Iwe can define two sets of Idam4ains 

.5. i m i i a r lri pa ir.5.. Tile tWc1 large dc~rnains differ iin ?herrrtc+tat~i\ ity 

by o,-, 1 ?’ i -2 deqreos, I,Y ii i 1 c’ t h c if! e i t i il g t emp e r- a t u r e ‘5 13 f t h e i w 0 

z.rrc.31 1 er dc~rna i nz dif.fcr, t:,. twenty degrees. 

Removsl of copper tj i 'jp 1 3f(?i at 1 e ,15 k t he two t I* an 5 i t i on s 1.‘~ I t /I 

ii i gher s t a b i 1 i t ;y , and prclduces i broad peak! character i zed by a 

y r r a t e 1% i n c f e 3.5 e Ill heat capdc i ty than normal 1 y found .f or 

gl cltlu 1 lr pr:rtte ins 115) , 

T  h e drama t i c change in the endotherm after the r-rmaval of ccqper 

conf irm’s dn impor tent stl~IJ~:turai role for the metal cofac tol’ . 

8 SA Cl i 5. a dinier containing two copper atoms and only one 

t i tradable or yan i c cofactor. ! t  is tempting to .jpeculate that 

each rnon CUie v ! i n the presence of copper, .foIds in two different 

domiiilis, c r3m p r i 5 i 0 rj about 40 and 60X of the polypeptide 

respectively. -r he great difference i n heat-stabi 1 i ty 

1 y 

iC 

character i z i ng the two smal 1 domains might then be ten 

3zcr- i terj to the presence of a single covalently bound 

cofactor. 

71 



Vol. 154, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

ficknowl edQemen.fz 

This work lwas partially financed by M.P.1 ., A.1 .R.C. and C.N.R. 
Special project on oncology,contract N.B70136844. 

1. &neyama,M., Hayashi,M., Matsushita,K., Shinagawa,E.,and 
Adachi ,O. 118843 Agric.Biol .Chem. 48,561-565. 
2. Lobenstein-Ve~beek,C.L., Jongejan,J.A., Fral-ik,J. ,and 
Duine,J.A. il9B4i FEBS Lett. 170,305-309. 
5; c . Will iamc;r.J. ,and FalK!M,i:. II 986j J .Bi al .Chem. 261 , 
15949-15954. 
4 . Mondou i ’ , B Morpurso,L., Agost inrl! i ?E.? Befani ,U., 
McCr~.cken, J. ,k:d Peisach,J. 11937) Eur.~J.B~oche~;~. 168,5fi3.-ljO7. 
5. Lamkir1,M.S.. W11l iams,r.J.,artd Falk!M.C:. ii?%) 
~~rch.Biochern.Biophrs. 261 ,72,-79. 
6. Mondov I ’ ,B. ,and C:al at1reg.e ,L , , (1973) ;;gentz. and Actions 3,187. 
7. Barker,R., Roden,N., Cayley!G., Chariton,S.C.! lienson!R., 

Holmes,M.C:. I Kelly,J.D.,and KnowIes,P.F, <I9791 Biochrm.J. 177, 
289-302 a 
8, Morpurgo,L., Agostinelli,E., Befani,D.,and Monduvi’,B. (1987’i 
Bi0chem.J. 248,865-870. 

Suzuki ,S.! Sakurai ,T. ,and Nakahara,A. 
;:j I 338.-34 1 . 

<198L:I Biochemistry 

10. Suzuki ,S,, Sakurai,T., Nakahara,A., Manabr ,T. , and Okuyamb !T, 
Cl?831 Biochemistry 22,1630-1635. 
$1. Mondovi’,B., Finazzi-Ayro’,A., Rotilio,G.,and Sabatini C-; FL. 
(1986) in Frontiers in Bioinorganic Chernistr:~,Xaltiel;,A.!.,.!ed.,UCH 
pub1 , ,Ve i nhe im CFRG) ) 604-61 1 . 
12. Lindstrom,A.! Olsson,H.,and Pettersson,G., Cl9741 J.BirJchem. 
48,237-243. 
13. Mondovi”,B., (iviqliano,L., rlgostinell i!E.,and Morpuroo,L. 
C 1987) liecue i 1 de5 Trauaux Chimiques des Pays-Has 106,353. 
14. Nouokhatny,V.V., Kudinov,S.A.,and Privalau!P.L. Il984) 
J.Plol .Hiol. 179,215-232. 
15. Tsalkoua,T.N.,and Privalov,P.L. 11985) J.Mol .Kiol. lK1, 
533-544, 
16,. Pfeil,W.,and Uhlsson,P.I. II9861 Biochim.E:iophys.Acta 
872,?2-75. 
17. Fukada,H., Takahashi ,K. ,and Sturtevant ,J.M. (1987) 
Biochemistry 26,4063-4068. 
18. Privalov,P.L. ClYB21 Adv.Protein Chem. 35,1-104. 
19. Turini,P., Sabatini,S., Befani,ll., Chimenti,F.,Casanova,C., 
Riccio,P.L., and Mondoui’!B. (19821 Anal .Biochem. 125,294-298. 
20. Brumby,P.E.,and Massey,V. 119671 Methods Enzymol. 10,473-474. 
21. Rinaldi,A., Floris,G., Sabatini,S., Finazzi-Agro’, 
A.,Giartosio, A.,Rotilio,G.,and Mondovi’,B. (1983) 
Biochern.Biophys.Res.Cc4nm. 115,841-848. 
22. Tabor ,C.W., Tabor!H.,and Rosenthal ,S.M. 11954) J.Biol .Chem. 
208,645-661. 
23. E”=e,V., Allewell,N.M.,and Sturtevant,J.M. (1985) 
Biochemiitry 24,5899-5906. 
24. Chlebowski ,J.F.,and Mabrey,S. 119771 J.Biol .Chem. 252, 
7042-7052. 
25. Privalov,P.L. /,1979) Adv,Ppotein Chem, 33,167-242. 
26. Privalov,P.L.,and Khechinashvili,N.N., (19741 J.Mol.Biol. 
86,665~684. 

72 


