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1. Intrsdnetion

An abnormal prothrombin induced by diconmarod
adminisiration has been purified from bovine plasima
[2, 2], This abnormal prothrombin has the same main
antigenic determinants as normal prothrombin, bt no
prothrombin activity {1, 2]. While normal prothrom-
bin has three to four high-affinity binding sites for cal-
ginm ions per molecule, the abnormal protein binds
at most one caleinim jon ]3, 4], Furthermore Ca®™ in-
doces a conformationgl change i normat, but not in
abnormsal, prothrombin, as shown with immumoshers-
iczl methods and suggested by sguilibrium dialysis
3. 51. Since norma Ca®* binding is necessary for the
physiclogical activaiion of prothrombin, a more de-
tailed investigation of the conformation of the two
prothrombins in the absence and presence of Ca?*
seemed warranied. This paper reports such a sindy
with the use of optical rotatory dispersion {ORD) and
girctflar dichroism {CD),

2. Materials and methods

Normal as well a5 dicoumarol-induced prothrombin
was purified as described earlier [1]. Protein concen-
trations were mezsured from the absoi%)anses at 280
1m with z2n extinction coefficient (E at 280 nm)
of 14.5 for both prothrombins [5],

Optical rotatory dispersion and cirenlar dichroism -
specira were measured with a Jasco ! Model 320 spec-

{ropolarimeisr (Japan Spectroscopic Company, Tokyo,
fapan). The profeins studied were dissolved in 0.02 M
Tns-fHCl “buffer; pH 7; 2 mntammg 0 1M NaCl and ’

*Noﬂh Hoflarsé‘l‘uu?;s} ing Gmrpnﬂ 'y — Ams,terdam R

* rotation is at'aboni 220 nm in the spectrum Df"lpgxya}i

0.002 M EDTA, They were then diaiysed against the
samne buffer without EDTA for about 16 hr before nse,
This was necessary o reduce the lighs absa:@técn a1
lower wavelengths caused by the EDTA. In some ex-
periments CalCly was added to a final conceniration
of 0.005 M, The spectra were recorded at room temp.
{25°-27%), with protein concentrations of 0.4-0.8
mg per m! and cells having 10—0.5 mm pathlength.
The ressits are given as plots of reduced mean residus
rotation, [#2']. or rednced mean resiflue ellisticity.
[8"], against wavzlength. The parameters [’} and
18" were computed in the usual manner [6, 7). The
mean residue weight of the two prothrombins was
caleulated from the amine acid compositon [5) and
was found to be 114 for both of them.

3. Resulis

Thre gonferrnmtion of normsal and distuniarol-in.
guced prothrembin in the absence and presence of
caleivm ions w.s investigated by optical rotatory dis.
persion and civoular dichroism, It is clear from fig, 1

that, in the absznee of Ca??, the ORD specira showed

no conformaticonal differences between the two pro-
teing that canrot be acconnted for by expemnemai
error. Both zarves have minima at 232 nm with [»’]
values zbout —2000, and both have a shoulder around
220 nm. The two spectra agree well with the spectrum
of mormal pristhrombin measured by Ingyrail and -~
Scheragd [8], but only down io a wavelengih of about
230 nm; 'i?:)r unknowsn reasons scme differences are”
evideniat lower wavelengths. Notably, the point ofzéro
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Fig, 1. Optical rotatory dispersion specira of normald (——)

and dicoumarcl-induced (- - <) prothrembin in the absence of
caleinm ioms,

and Scheraga [8], but at 206 nm in ovr curves. The
through at 232 nm iz mdicative of some o-helix in
both normal snd abnoymal prothrombin [9], but the
low magnitude means that the o-helix content must

be very small,.and calculations of percentage a1e there-
fore meaningless, A low n-helix content of nermal pro-
thrombin was also suggested by Ingwall and Scheragzs
8] on the basis of analyses of itheir ORD-datz by the
Muoffiti-Yang equation,

Like the ORD results, studies hy €I in the absencge
of Ca® ¢id not show any conformationsl differences
outside experimental error between normal and abnox-
mal prothrombin, either ifn the aromatic region {fig.
2AD or in the peptide bond region (fig, 2ZB). In the
Iatter region the two gurves have minima between 202
and 204 nm with reduced mean residue e)ipticities of
around —3000, and also have broad shonlders betwesn
220 and 230 nm, These features are not compatible
with any of the spectra of the three model conforma.
tions for protgin strusture or combinations thersof
19, 10]; specifically no minima characteristic of the
c-helix were found, which alse sugpests that the con-
teni of this structure in prothrombin is very low.
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Fig. 2. Circular dichroism spectra of normsl prothrombin in
the abgences (—) and presence {. . . . .} of calcium ions, and
of dicowmarol-indueed preithrombie also in the absence (- =)
and presenee (.- . -) Os colelum ions, AY Aromatic region;

B) peptide-bond region.

Fhe conformation of the two proteins in the pre-
senee of Ca® was studied only by CD {fig, 2). Nor-
mal prothrombin exhibits a marked change in the
aromatic ~egion of the spectom on binding of calcl-
urm ions {fig. 2A), whereas no such conforsational
changes was found in the case of the dicoumearol-in-
duced protein. In contrast, no difference in the pep-
tide bond segion of the spactra were found to accom-
pany calcium-binding by neither protein (fig. 2B).
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4, Disexssion

Earlier investipaiions have shown thai the proper-
ties of normal and dicoumarol-induced prothrombin
in the sbsence of calcium ions are very similar, al-
though not identical. The abnormal protein has o
somgwhat Jower elecirophoretic mobility than nor-
mal prothrombin [3, 11], and the {wo proieins can
also be distingpished by quantitative immunoprecipi-
tation {5, 2}. 1t has been suggested that these differ-
ences are due te a mino? structural difference. e.g. in
disulfide pairing, in 2 prostheiic group or in conforma-
tion, Attempis to reveal a conformational difference
by titration of phenolic grovps and by determinaiion
of flnorescence emission spectra failed in that identi-
cal results were ohtained for both proteins [5). Neither
did the conformational probes used in the present in-
vestigation, i.e, ORD and CD analyses, produce evi-
dence of any difference in the conformation of cal-
clum-free, normal and abnonnal prothrombin, The
inference of these results is that the structural differ
ence beltween the Iwo proteins, of whetever kind i1
may be, must be so small that neithey of the latter
methods is capable of detecting it. A resvlt pertinent
to this conclusion is that recent experiments, whers
peptide maps were prepared from NH, -terminal frag-
ments, which constitnte approximately one third of
the intact prothrombins, revealed clear differences
between the prothrombins. On the other hand the C-
terminal fragmenis had identical elesirophoretic and
Immunochemical properities [11}, Furthermosze,
Nelsestuen and Suttic have esizblished that activation
of normal and abnormal prothrombin by trypsin gives
rise to the same amounts of thrombin {21, indicating
that the major paris of the two moleenles are identical.

When ealeium is added, normal and dicoumarol-in-
duced prothrombin behaves dilferently. The normal
prothrombin molecule binds three to fonr calchrm
ions with high affinity, while the sbnormal protein
binds ai most one calcinrg ion with comparable bing-
ing strength {3, 4], Shmultaneonsly, a change oeeurs
in the antigenic struciure of normmal prothrombin but
not in that of the abnormal protein [3, 5]. This has
been interpreted as reflecting 2 conformational change
indnced by the binding of calcium, a conclusion forther
supporied by the anomalous shape of the Scatehard
plots obtained i equilibrivin dialysis experiments {3],
Our circular dichrofsm data corroborrate these resulis.
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The CD specira obizined with and without Ca** indicate
that this ion induces a conformationa transition in nor
mal prothrombin but not in the abnoimal protein, The
change Is expressed only in the aromatic region of the
gpectrum and is therefore presumably only 2 local cher
ge in the meighbourhood of some aromatic amino acid,
This is In accordance with earlier vesults, which indicate
ihat the calcism-birding groups of high aifinity reside
only in the NH; -terminal part of the mclesule {111,
However, the experiments do not permit any concle-
sion about the exact nature of the conformational
change.

In conclusion, all available dats indicate that the
main functional difference between normal and di-
counmerol-inénced prothrombin is in thelr calcinm-
binding and 1 the properties iduced by this ion.
Normal prothrombin binds an optimal amount of cal-
cinm fons, which canses the protein to assume a con-
formation that allows its physiologica! acitvation o
thrombin 1o take plice. Abnormal prothrombin, now-
gver, lacks the abitity to bind a comparable amount of
colcivra and il srefore cannct be activaied in the nor-
mat way. Ho wever, vnuder physiological conditions the
caicium level is such that the active confermation of
normal prothrowbin is presumably always maintained
in the circulating blood

Acknowiedgements

This irvestigation was sopporied by grants from the
Swedish Natural Science Research Council (Project No.
3065-1) and the Swedish Medical Research Council
{Project No. B72-13X-581-08A).

References

t3] 1. Stenfio and PO, Ganrot, ). Biol. Chem. 247 (1972}
B164,

§2) L. Nelsestoen and 1.W, Suitie, J. Biok Chem. 247
{19722 8176.

131 1. Sienflo and P,O. Gantoi, Biochem, Biophys. Res,
Comurmma, 50 {19733 OR,

141 G,L, Nelesstuen and LW, Suttie, Biochemistry 11 {1972)
4061,

15] 1. Btenflp, J. Biol, Chem. 247 {1972) 8167.

18] K.3. Dorrington, M. Zarlengo and C. Tuaford, Pror,
Nafl, Acad, Sci. U.5. 38 {1967) 995,

345



Volnme 32, number 2 FEBS LETTERS r June 1973

173 R.E. Cathon, A. Kulezyeki, Jx. and E, Haber, Biochemis-
ry 7 {1968) 3938,

18} 3.5, Inpwall and H.A. Scheraga, Biochemistry 8 {1969)
18690,

{91 N, Greenfield, B. Davidson and (G.D. Fasman, Biochem-
istey 6 {1967 153N,
110] M. Greenfield and G.D, Fasman, Biochemistzy 8 (1969)
4108, .
1113 1., Stenflo, 1o be yoblished, )



