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Analveic of the thermal unfolding of bovine serum amine oxidase

by  differential scanning zalerimetry reveals for  the dimeric
protein & four domain structure consisting of twoe csets  of
domains., FEach €et contains two domains of similar size. The two
smaller domaing, in contrast with the larger ones, greatly differ
iv thermostability. Removal of copper changes the calorimetric
pattern dramatically. The AFindings confirm  that the metxl
cofatonr plave & structural role. Since the enzyme contains two
capper atoms and  only one  titratable carbonyl group, the

caltorimetric pattern suggests that the difference in
thermostability of the two emall domains might be due to the
oresence of & single organic cofactor. ® 1988 Academic Press, Inc.

Copper amine oxidases (800 are enzymes which catalrze the
oxidative deamination of primary amino groups of biogenic amines.
These enzymes are composed of btwo subunite containing anly one
titratalle wrganic  cofactor, prerolquinolinequinane  CFRERDY or a
clocely cimylar derivative 1,20,

The enzyme molecules alszo contain two copper atans both necessary
for xctivity. &t least one copper cegems to ke in the netghborhood
of  POR, byt pet very olase to the carbonyl group €3,4). Recentiy

the poztible involement of POQ ring nitrogens in the coordination

ot copper seens to have been roled oyt (53,

The copper =ites are not igentical (4,7,8), Cutll) may play 3
rale  in the oxidation of the caduyced Fterm of these enzymes
{7,8,5,10,11,12y, and appears to be invelved in the reaction

with oxrgen. # role of copper in mantaining the correct
conformation of the enzwmes has been suggested (4,3,10,13),
In order toa gain  further information on the relatienship among

PG, copper and protein, the thermal unfolding of bovine serum

Abbreviations used : Esal, bovine cerum amine oxidase; FOO,
prrrolquinolinequinoney DSC, differential scanning calaorimetry.
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amine oxidase (BGAOY has been investigated by differential
scanning calorimetry (DSCY of the native and copper free enzyme.

DSC hxs hbeen wused as & too) for obtaining informaxtion about
structure in several proteins (14,15,146,12). Resolution of
coamplex  thermograms tntce Gxussian functions (deconvclutian? has
jead to the definition of structural domains in & number of

=3

m

ee, even when 1ittle structural information was availabled1g),

Materiale and Methods

A1 reagents were of analytical grade

ESAD was prepared  az  x  homogeneous protein  as  previpusly
described (197, PFrotain caacentration was  delermined
spectrophctometrically vsing E mo/ml = 1.74 at 280 amii0s.

Cuo 11 content was determined by the biquinol»l method {200, by
€, -pectrﬁ\ and by  atomic abszorpticn spectrophotomeiry. A
vatus  of A goatoms of  Cu (112 per mel of protein was always
abhtzined,

FRE content waxs checked measuring the band at 445 nm formed by
reaction  of the protein with stoichiometric phenylhyvdrazine 217,
One mol of adduct per mol of protein was alwave found,

Enzvine  activity was  assayed specirophotometrically according to
Tabor et mples used had aliwars a specific activity of
24 umalAnin g or meore.

Copper  depleted enzyme waz prepared according o Suzuki et
al i10% . The preparations contained 2% resicdual copper.,
Catorimediric mezzurements were performed using x high resclutian

L1 g
At LE2Y.

M2 anping  catarimeber  Microcal, dmher WY equipped i th

. - s s . . . 5 _ o3
the Dn-2 digital dats zcquisition sysfem, 2t a heating rate of &0
CAm

Enzrme  colutrone of  zhout 2 omo'm) in 0.1 W phosphate boffer, pH
.2y were rontinely emploved, except when otherwise stated,
Thermograms  were always corrected by zubtracting the instromentzl
base line cotained by filling both cells with the buffer used.
Integration and deconvolution procedures were carrsed ot using
sofbware  provided by Micracal Co. after normalizing the data for
protein concentration  and  subtrzcting &z chemical baceline the
straight  Ting FunHFFfXﬁu the initial and final temperatures of
the oversll transitiond

& typical pattern for the thermally induced unfolding of native
B3AG is shown in Fig.t.

Mo precipitation was observed after heating the sampie fo #7°C,
Mo endotherm was noticed upon reheating the sample.

Yaluez of Tm Ctemperature at which heat capscity exhibite 2 local
max imum? , At tcalorimetric denaturation enthalpy change},éﬁHuH

Coan’t  Hoff denaturation eothalpy change? and[ﬁtp theat capacity

67



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

150

II

100 |

III
50 |

Excess heat capacity - kcal/mol°C

0 | l |
20 40 60 80 100

Temperature - °C

Fig.l. Temperature dependence of molar partial heat capacity of BSAO.

change wupon denaturation estimated for the averall process? are
given in Table 1.
The temperature dependence of partial heat capacity does not vary

with protein concentration, since thermograms obtained on the

i

ame cample before and after tenfold dilution are related purely
by a tenfold scaling factor., The aggregation state of the protein
chould not therefore change during denaturation.

The calorimetric behavior of native B3AD 15 not appreciably
altered by reaction of its cofactors with small ligands (e.q.
phenylhydrazine for the prasthetic group and

diethyidithiocarbamate for copperd,

TABLE 1

Calorimetric values for BSAQ denaturation

Tm D Hc A HuH ADcp

°C Kcal/mal Kcal/mol°C
overall B79 9% B.2%10%
peak I 57.4%0.1 149+ 11% 122%9Y,
peak II 69.3%0.3 542%15y 20644,
peak 111 77.8%0.5 1857, 12748y,

Yalues are the average of three independent determi-
nations. Error is expressed as average deviation for Tm
and as percent average deviation fordAH andZSCp.
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A denaturation curve with three distinct peaks, as the one chown
in Fig.l, wusually indicates the precence of different structural
domains in the protein. The ratio ofODHvH tadHe calculated on
the basie of the <cubunit molecular weight ie much higher than
unity {e.g.1.8) for peaks 1 and IIl: this means that the
molecular weight of  the cooperative unit iz necessarily greater
than that of a single monomer (24)., The values in Tahle I were
consequently calculxted on  the bacie of the molecular weight of
the dimer. The data show that in this case the ratin ofQHuH to
ZXHc, which <chould approximate unmity for & two-ztate trancition
{28y, is .8 for peaks I and III and .4 for peak II, This suggests
that peake P oand 111, witnin the VYimite of experimentsl
uncertainty, represent two-state transitions of structural
domains, Feak 11, instead, represents & more complex procecs,
presumably the denaturation of more than nne folding domain in a

cingle cooperative unit,

The thermograme  were analyzed by different deconvolution
proceduresz: the best it which accounts for their shape requires
& minimum  of four two-state independent transziticns. The
thermodynamic wvalues derived for the component transitions are
given in Takle 11, and the chape of the four individual curves
and of the resulting one are shown in Fig.2.

When the copper—free derivative of BEAD was heated in  the
differential scanning calorimeter only one broad peak was
oheerved (Fig.3) which is not amenable to deconuvolution with less
than eight two-state component transitions. Table III gives the
calorimetric wvalues relative tao copper-depleted BSAD: the data
must be taKen with caution, since they are greatly influenced by

the choice of the chemical baseline.

TABLE 11

Thermodynamic parameters for fitting the calorimetric
data of native BSAD to the sum of four independent
two-state transitions

peak Tm Al Zb
°¢ Kcal/mol

I 37.6 139 17

1la 468.1 233 29

11b 4%9.8 280 35

111 76.8 153 19

) DHe=AHvH
b)> percent of totalAH.
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Fig.2. Deconvolution of BSAO excess heat capacity function.
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Fig.2. Temperature dependence of molar partial heat capacity of
copper—depleted BSAQ.
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TABLE 111

Calorimetric values for copper—depleted BSAD denatuyration

Tm D He JAN S ACp
°c Kcal/mal kcal/mol®C
43.4%0.2 105424% 412 7% 5412y

Values are the average of three independent determi-
nations. Error is expressed as average deviation for Tm
and as percent average devation forA\H andZSCp.

The thermal denzxturation pattern of native EBEZA0 chows three
separated endotherms, whose «calorimetric enthalpies are roughly
in proportion 1:4:1, The total  depaturation enthalpy and heat
capacity of BSAD  are around the average that has been found for
compact globular proteinzd2Gy,

The compiex  thermxl unfolding behavior of native BSAQ gives zome
Lives on the structural  organization of the protein. The
thermodynamic  data rewveal that the dimer ¢ the fundamental
cooperative unit. At Teast four diffecent domaine may  be

recoghized: taking the trancitions enthalpy change as  an

-y

{243, we can define two sets of domains

indication of dossin size
zimitar  in pairs, The two large doamains differ in thermostabidity
by only 1-Z degrees, while the melting temperatures of the two
emaller domaine differ by twenty degrees,

Femoval of copper displaces at teast the two transitions with
pigher =tability, and produces & broad peak, characterized Ly a
qreater increase  in heat capacity than narmally  found for
globular proteins (230,

The dramxtic change in the endotherm after the removal of copper

confirms an important steructural role for the metal cofactor,

B2a0  is & dimer contxining twoe copper  atome  xnd only one

titratable organic cofactor. It is tempting to speculate that
each moncmer, in  the precence of copper, folds in two different
domains, comprising zbout 40 and 40M of the polypeptide
respectively, The areat ditference in hext-stability
characterizing the two small domains might then be tentatively
zzcribed to  the presence of & single covxlently bound organic

cofactor.,
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