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Abstract-The interaction of dill’erent ochratokins with hovinc serum albumin (BSA) has 
been studied by equilibrium dialysis. soluhilit\ and spcctrophotomctrlc anal)scs. Spectro- 

photometric analyses revealed that the absorption maxima ofochratoxln B (OR) and ochra- 
toxin C (OC) shift to longer wavelengths (365 277 nm for OB. i8@ 390 nm l’or OC) as a 

result of interaction. The spectra of ochratoxins Y (Ox) and /I (O/i) wc~c not nltcrcd in the 
prcsencc of BSA Fquilibrium dial!\i\ rc4ult\ indicate that I molt 01‘ BSA binds 1.03. I-02. 
1.9: and 3.21 molt\ o(‘ 0~. O/i. OB and O(‘. \\~th bending c<,n\t.int\ or I 5 * IO” hl ‘. 
5.1 x lOi \I ‘. 7.1 and 8.9 x 10 M ’ I-chpcctIbcI!. Sl~ccti-ol’li~‘tomctric titrations 01‘ the 

1 : I molar ratlo ol’ BSA ochratoxln complexes indlcatc that the pli \nluc\ of OB and OC 
decrease on binding. whereas the pK \,nIucs 01‘01 and O/i remain unaltered. The dissocia- 

tion ol” the phenolic hydroxyl group m the IsocoumarIn ring of ochratouins A. B and C 
appears responsible l’or the hlnding of the second molecule 01‘ thcsc toxins Hith albumin. 

The overall results suggest that both ionic ;Ind hqdrophohlc lorce~ arc Important in the 
binding of ochratoxins with BSA. 

OCHRAlOSI~S are a gl-OLlp Or hcp~~tic :llld llcphrOtO\~c ~ll!C~tO\~llS WhiCh c~~llt~lill ;I 

dihydroisocoumarin ring and arc produced by sc~cral species of ,-1.~~~~~~~~il/1~,s and 
Penicillicrrn.’ a Ochratoxin A (OA). which causes glycogen accumulation in rat liver” 
and inhibition of mitochondrial respiration.” is the most toxic metabolite among this 
group. Ochratoxin C (OC). the ethyl cstcr of OA. has ;I similar toxic effect. However. 
ochratoxin B (OB). the non-chlorine-containing analog of OA, has been found to be 

less toxic.’ The hydrolyzed products of OA and OB. i.e. OS! and O/II. wcrc found to 
nontoxicto test animals.x I0 In a comparative study on the structural requirements for 
ochratoxin intoxication, we found that the dissociation of the phenolic hydrosyl group 
in the dihydroisocoumarin ring appears to bc important.” 

Ochratoxin A has been found to interact \vith albumin both i/i rir~o and irt 
ciro.“~ ” Equilibrium dialysis and Sephadex gel filtration studies revealed that 2 
moles of OA were bound to I mole of bovine serum albumin in a common binding 
site. In an attempt to reveal the mechanism of interaction of ochratoxins with pro- 
teins, we further examined the possibility of the interaction of other ochratoxins with 
bovine serum albumin. The modes of interaction of OB, OC, 0% and O/I with bovine 
serum albumin are compared in this paper. For convenience of discussion. the struc- 
tures of the different ochratoxins used in the present stud) arc shown in Fig. 1. 



II06 F‘. s. C‘HI 

Rl R2 

op. @31~Cti(C00ti)NH- -CL 

and WIT purified be, Adsorbosil-5 column chlomato~ruph! and Sephade~ Lf I ,,, rcl 
filtration as previously described. ’ ‘. ” Ochratoxin C‘ ~V;IS prcparcd from 0;2 througl~ 
esterification with ethanol BF, according to Nesheim,” and was purified bj p;~s.sagc 

through an Adsorbosil-5 column.’ ’ Ochratosins x and /i \vcre prcparcd b> h!tircll;\ 

sis of purified OA and OB. followed by passage through a Sephade\ LH:,, colurn~~ 

The puri$ of these toxins was verified by TLC‘ and spoctrophotomctric anal!~~ ;IS 
well as by analysis of the phenylalanine content in the samples after acid h)dr~~l\s~\. 
Bovine serum albumin was obtained from Sigma (Grade AA. cr>stallircd ant! I!c~~~h- 
lized. essentially free of fatty acid, cat. no. A75 1 I ) and used \vithout furthcl- ~uI-I~Ic;~- 

tion. Other chemicals were either reagent grade or chemically pure. 
Q~rc~ltifafior~ c?f oc~/lr.rr~~.~ir~.v. A combination of spectrophotomutri~ and S~C~~I o- 

photofluorometric methods was used for ochratouin quantitation. !.‘3 A tw~lar 
absorptivity of 6500 was used for quantitation of OB (at 31X ntn). O/i (a( :22 IIIIII 

and OC (at 333 nm) when the concentration \vas greater than I x IO = VI. l-or- ( )Y. 
a molar absorptivity of 5800 (at 33X nni) was used. At lower concentrations 
(I x 10m5 M and below). spectrophotofluorometric methods \\:crI: cmplo!ed. In GIL-/: 
assay. the solution was adjusted to pH 2.0 with HCI before the tluorcscencc intensit! 
was determined. A standard curve was used for comparison. The activation and 
emission wavelengths were set at 330 and 440 nm for Or. 120 and 470 nm for O/i. 
7 I6 and 470 nm for OB. and 340 and 475 nm for OC‘ in such mcasurcments 

Sol~~hilir!~ ,st1~li~5,fo~ Oc‘ BS ‘1 c,o/ll/,l‘,\-trric,,r. Since the soluhilit! 01‘ O( in ;Iclucouh 

solution was considerably lower than that of OB or OA. ;I solubilit! method ut~l~/ing 
the principle of increase in soluhilit\- of the ligand in the prcsencc of HSA L\;I~ Ilxxi 
in the study of the complexation between OC and BSA. Appropriate amounts 01’ OC 
(total concentration, 64 x lo-’ M) in 0.5 ml ethanol uerc pipcttcd into ;I wxc> 01 
centrifuge tubes and the solvent was evaporated with a stream of nitrogen. Three mll- 
liliter sodium phosphate buffer (NaPB, 0.1 M. pH 7.0) or 3 ml BSA solution (0.6 3.6 
mg in NaPB) was added to each tube. stirred for 30 min and then ccnlrifuged. The 
spectra of the supernatants of the solution \verc detcrmincd. These solution\ L\crc 
then subjected to equilibrium dialysis or dialyzed against 0 I6 M KC’1 for the ywctro- 
photometric titrations. 
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in ~lp~~i-o~~ri~~tc solutions containing 0 16 M KC1 using a Radiometer automatic titra- 
tor with a Radiometer Titrigraph type SBR2 and SBUl syringe buret (Copenhagen, 
Denmark) as previously described.’ 1 Titrations were performed at 365 and 377 nm 
for OB--BSA. 3X0 and 400 nm for OC BSA. 390 nm for Ox-BSA and 375 nm for 
O/j BS.4 complexes. 

Eq~~ilihriwtl tlitrlj-six Equilibrium dialysis was carried out at 6 and pH 7.0 in 0.1 
M sodium phosphate buffer according to the method of Rosenberg and Klotz.” 
Details of this method have been described previously.’ ’ The total concentrations 
for BSA and ligands in the equilibrium dialysis experiments were generalI\ 
1.0 x 10Yi M, and X.5 x IO-” to 4.0 x 10 -s M respectively. At the very rnininlLlrn. 
duplicate c~rcrin~el~ts wtre carried out for each collccntratioil analyzed. The overall 
data, at P (mole of ochratosin bound to 1 mole of BSA) below 2 for OB and Of 
and at v below 1 for 0~ and 08 were treated by the least squares method. A value 
of 65.000 was ~wci for the calculation of the molar concentration of BSA.“’ 

RESULTS 

cjkt o~‘BSA o/z t/w m/uhilit_p cfoochmtosin C. The effect of BSA on the solubility 
of OC is shown in Fig. 2. The binding of OC by BSA was demonstrated by the in- 
crease of absorbance at 390 nm in the supernatant. The absorbance at 390 nm in- 
creased proportionally with the increase in BSA added to the experimental system 
until the protein concentration was greater than 2 x lo-” M, at which point most 
OC appeared to be dissofved in the solution, Assuming most of the OC in the super- 
natant to be in the complexed form, the maximal binding sites for OC in the BSA 
molecule were estimated to be around 2.70. 
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J‘l,c~c.lr.o~lloto/~~~~~/.;[, ~~rr~~ws. The spectra of the OB and OB-BSA comptcxes at pH 
7.0 art’ shown in Fig. 3. In presence of BSA. the hand with a maximum absorption 
at 363 nm shifted to a longer ~tavelcngth at 377 nm. The shifting of spectra as ;I result 
of complcxation of the toxin Lcith BSA was pH-depcndcn~. and the result is shown 
in Fig. 1. The spectra of the con~plc.~ shifted to the longer wavelength when the pH 
of the solution gradually increased from acidic to basic values. Ho~wer. at cxtrcmet! 
alkaline pH, SLICII as pH I 1, the spectra shifted back to ;I shorter wavelength, which 

more or less resembled that of the fret ligand. Since the tactone ring in ochratoxin 
may break down under mot-c highly alkaline conditions. no experiments have been 

done at pH above 124. Shifting of spectra as ;I result of comptexation with BSA was 
also observed for ochratoxin C. For the O<‘ BSA complex, the result of such shifting 
and the ell’cct of pH on it arc similar to the observations made for OB BSA. except 
that the ohsorption maximum for OC‘ BSA was around 390 nm. Spcctrophotomctric 
mat~~ses of0~ and 02~ BSA complex. and O/J’ and O/I BSA complex. revealed that 
their spectra did not change signiiicantl~. 

.S/~~~~‘[,‘o/~/~otor~~c,r~.;(~ li!rtrlirm~. Spectrophotomctric titrations for OB BSA ( I : I ) and 
OCBSA (I : I ) comptc\cs \vcrc‘ carried out at 365 :ind 377 nm. and 3X5 and 300 nm 

respecti\cl\. The results ~)l’thcw titration\ arc 4ho\\ n in Fig. 5. ;I and h. The titration 
cur\cs of OB BSA and OC‘ RSA are qualitativcl> similar. When the OB-BSA 
titration LV;IS performed at 377 nm or the Oc’ BSA titration was performed at 300 
nm. the titrations showd thrw distinct rqions. Bclo~ pH 7.0. ;I specific group u ith 
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an apparent pK (estimated from the half-titration pH) around 4.65 4.75 was titrated. 
AbovepH 7.0. another distinct specific group, with an apparent pK around IO.5 I I .5. 
wits titrated. Absorbance did not change appreciably between pH X.0 and IO+. The 
titration curves for OB-BSA and OC-BSA complexes at the ~~~~vclcn~tt~s of 365 and 
3X5 nm were similar to those at 377 and 400 nm. except that no dcflcction was 
observed above pH 100 and the absorbance continued to increase after this pH. 

Contrary to the results obtained for the titrations of OB-BSA and OC BSA. no 
significant difference was found between Ox and Or-BSA ( 1 : I ), or between O/i and 
O/j -BSA (1 : 1). Only one apparent pk’, having a value between 105 and I141, \vtts 
found in all these titrations. 

Q~~~~~~?~i~~~~~~~~l? of‘ ~~j~7f~j~7~~ ~~)~~,sf~~~?f.s !IJ, ~~~~~~~~j~~j~~~7~ ~~j~~~~.si.s. The binding data, 
obtained in 0.1 M phosphate buffer at pH 7.0 and 6 at different ochratoxin con- 
centrations. were treated according to the method of Scatchard,’ and are presented 
in Fig. 6. The lines in Fig. 6 were calculated from the individual experimental data 
using the least squares method. assuming that ochratoxin BSA binding systems in- 
volve a single primary binding site. From the calculated lines it was found that I+?. 
1G. 193 and 324 moles of OX. O/L OB and OC were bound to I mole BSA in a 
strong prima;: site with the apparent cquiiibrium constants. K. of 1.5 x 10” M ‘. 
5.1 x 10’ M . 7.1 x 1Oi M. ’ md X.9 x IO’ M _ ’ for OX USA, O/l BSA, OB BSA 
andOC-BSAcomplexesrcspectively. Forconvenienccofcomparison. the binding data 
and absorption maxima of different ochratoxin---BSA complcxcs arc summuri~cd in 
Table 1. 
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DIS~‘USSION 

Spectrophotometric analysis, solubility determination and equilibrium dialysis in 

the present study revealed that ochratoxin interaction with BSA was not confined 
to OA, but also included other currently known ochratoxins as well. Nevertheless. 
the data indicate that the mechanisms of interaction of different ochratoxin deriva- 
tives with bovine serum albumin vary considerably. Accordingly. the binding of dif- 
ferent types of ochratoxins with BSA can be classified into two catagories. Ochra- 
toxin B and OC appear to resemble OA in their mode of interaction with BSA. which 
is characterized by: (1) a significant red shift in the spectra of the ligand in the pres- 
ence of BSA (Fig. 3 and 4). and (2) 2-3 moles of ligand bound to 1 mole of BSA. 
On the other hand, only 1 mole of either Or or O/I bound to 1 mole of BSA without 
bringing about a red shift in the spectra. These observations are comparable with 
the results obtained by others in the study of interaction of coumarin derivatives with 
human as well as bovine albumin. “. ’ 9 For example, the presursor coumarins, such 
as coumarin and 4-17!dros~coumarin. showed ;I single binding site for albumin. 

wli~rc;ts all the other c~~~lt~l~lrilis. such :I\ ~~arfarin. bis)I!tfro~!cotlin~triil and accno- 

coumarin, shoivcd two binding sites. “.I ” Since all ochratoxins contain an isocou- 

marin ring, the mode of binding of these toxins with BSA may bc similar to that 01 

:~nticoagulants. All these compom?ds may bind to the same general region in the 
albumin molecules. 

Although the role of hydrophobic and ionic forces in the binding of OA was prc- 
viously emphasized. data were not available at that time to distinguish which one 
was predominant.” Present data suggest that both hydrophobic and ionic forces arc 
equally important. Since the phenolic hydrovyl group in the Or and O/I molcculcs 
did not dissociate until the pH had exceeded 105 and since only 1 mole of &her 
of these ligands bound to 1 molt of BSA. the force involved in the iilter~~ction of these 
toxins uith BSA at pH 7.0 ma\; be confined to the coumarin nuclei, which are primnr- 
ily hydrophobic in character. This hydrophobic binding site in BSA may be shared 
by all the ochratoxins and by other coumarin derivatives as well. 1 ’ I’) ‘(’ The second 
site for the binding of ochratoxins (i.e. in OA. OB and OC) in the same region of 
the BSA molecule may be ionic in character, because it was found that the pK ol 
the toxins decreased on binding. and that the ionized form showed a red shift (Figs. 
3-S and reference I 1). The red shift was pH-dependent and also correlated with the 
pH-dependent transformation of the BSA structure.” The second binding between 
ochratoxins and BSA occurred only when the pk’ values ~1pproxiIn~~tcd neutral pH. 
Thus. when the pK increased. as in the case of 08 as compared with OC and OA 
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