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The binding of sulfamethazine t o  lysozyme w a s  investigated i n  r e l a t ion  

t o  cer ta in  physicochemical parameters by a fluorescence quenching technique. 

The parameters considered are ionization of the  drug, hydrogen-ion concentr- 

a t ion  and a l t e r a t ion  i n  pro te in  confonnation induced by urea at d i f f e ren t  

pH-levels. 

increasing as the pH is reduced from 9 t o  5 .  

t ion of lysozyme with urea favors the binding process. 

being again more pronounced a t  the  lower pH's, when the drug is  i n  the  un- 

ionized form, and depends a l so  upon the extent of denaturation of the enzyme. 

The binding constant of the drug w a s  found t o  be pH-dependent, 

On the  other hand, denatura- 

The in te rac t ion  

Graphic representation, as well as, computer analysis of the  d i f f e ren t  

corrected binding da ta ,  a t  high drug t o  protein r a t io s  are strongly indica- 
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58 EL-NIMR, HARDEE, AND PERRIN 

t i v e  o f  a 1:l i n t e r a c t i o n s .  The na ture  of  t h e  binding forces, and changes 

i n  t h e  bicdiqq cons tan ts  assoc ia ted  with a l t e r a t i o n  i n  t h e  i o n i z a t i o n  of 

sulfamethazine at var ious pH-points w e r e  f u r t h e r  i n t e r p r e t e d  i n  terms of hydro- 

gen -ion d i s s o c i a t i o n  equi l ibr ium of t h e  drug 

I n t  d u c t  i on 

The b i n d n g  of ophthalmic drugs t o  p r o t e i n  c o n s t i t u e n t s  of t h e  eye 

f l u i d s  and t i s s u e s  has  been shown on experimental animals t o  have a tremend- 

ous e f f e c t  on t h e  drugs appl ied l o c a l l y  t o  t h e  eye (1). For s u l f o m d c s  , 

it  has been found t h a t ,  only t h e  unbound free d r u s  f r a c t i o n  is a c t i v e  aga ins t  

bacteria (21, suscept ib le  t o  metabollsm ( 3 )  and excreted f r o m  t h e  kidney ( 4 ) .  

The p r o t e i n  f r a c t i o n s  i n  h m  tears are mainly albumin, g lobul ins  and 

Alt.hough m y  documents have been accumulated on t h e  binding of lysozyme. 

drugs t o  albumin ( 5 , 6 ) ,  and some on t h e  binding t o  l ipopro te ins  (71,  t h e r e  

is scant l i t e r a t u r e  on t h e  binding of drugs t o  lysozyme (8). 

Lysozyme is a l o w  molecular weight c a t i o n i c  p r o t e i n  which tends t o  

a s s o c i a t e  i n t o  dimers and higher  polymers depending upon p r o t e i n  concentra- 

t i o n ,  ion ic  s t r e n g t h ,  temperature and pH of t h e  medium (9,lO). A t  t h e  con- 

c e n t r a t i o n ,  i o n i c  s t rength  and p H  of  t h e  tears, it is l i k e l y  t o  exist as 

a monomer, and so under t h e  experimental co?di t ions of t h e  cur ren t  work, 

lysozyme g i v e s  a l s o  predaninant ly  monomeric spec ies  (11). 

The f luorescence of lysozyme arises mainly f rom its tryptophan residues.  

Three of t h e  s i x  tryptophan res idues  are involved i n  t h e  binding of s u b s t r a t e s  

on lysozyme. 

63 and 108 (12,131. Studies  on t h e  a c c e s s i b i l i t y  of res idues 62 and 108 t o  

spec ia l  oxidizing agents  revealed t h a t ,  t h e  bulk of  f luorescence of lysozyme 

is located i n  tryptophans 62 and 108 (14).  The emission from residue 62 is 

expected t o  be largest s ince  tryptophan 62 is exposed more completely to 

t h e  aqueous environment, whereas res idue  63 is burr ied  i n  t h e  i n t e r i o r  of  

t h e  molecule o r  t h e  non-polar envimnrnent (14 ,15) .  

The a c t i v e - s i t e  tryptophan res idues  include tryptophans 62, 
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STUDIES ON SULFAMETHAZINE 59 

In  a preceding c m i c a t i o n ,  the  binding of a range of ophthalmic 

drugs t o  lysozyme w a s  recently investigated by measuring t h e i r  a b i l i t y  t o  

quench the native fluorescence of lysozyme ( 1 6 ) .  

these s tud ies  t o  the  in te rac t ion  of sulfamethazine with lysozyme under 

the influence of ce r t a in  c r i t e r i a  comnonly encountered i n  formulation of 

ophthalmic so lu t ions .  

pH of t he  medium and a l t e ra t ion  of the  pro te in  conformation by urea at d i f f -  

erent pH-points. 

chosen for such study because it represents a l s o  one of t he  addi t ives  c m -  

nly used i n  ophthalmic solutions.  

The present work extends 

The investigated c r i t e r i a  are ioniza t ion  of the drug, 

Urea which is known t o  be an ef fec t ive  denaturant w a s  

Experimental 

Materials and Methods 

Hen ezq-white lysozyme, 2 t i m e s  c rys t a l l i zed ,  l o t  No. E2-3359 ( spec i f i c  

ac t iv i ty  11,710 units/rg), Schwarz/Mann, Orangeburg, N e w  York. Sulfametha- 

zine from Nutrit ional Biochemical C o r . ,  Clevelan, Ohio. All other chemicals 

a r e  reagent grade. Deionized water w a s  used throughout. 

Lysozyme and drug - lysozyme solutions were prepared i n  0.1M phosphate 

buffer at a fixed pro te in  concentration (1 x 1 0 4 M )  ; the  pH's being a q u s t e d  

with a BeclaMn D i g i t a l  pH-meter m o d e l  4500 (Beckman,  Fullerton, C A ) .  

The molecular weight of lysozyme w a s  taken at 14,400 (17,18). For s t a b i l i z -  

a t ion  of the  fluorescence, al l  lysozyme so lu t ions  were ased at least 6 hours 

before use (19), and then f i l t e r e d  through 0.45p pore s i z e  Millipore f i l ter  

(Millipore, Bedford, MA) ( 2 0 ) .  

The fluorescence measurements were ca r r i ed  out i n  square quartz c e l l s ,  

l - c m  path length a t  22OC, using a Perkin-Elmer MPF-44A spectrofluorimeter 

(Perkin-Elmer, Norwalk, C T ) .  The exc i ta t ion  wavelength w a s  305 mn with 

a slit width of 6 run and the  ermssion w a s  scanned using a slit width of 7 m. 

The emission peak w a s  found near 337 MI f o r  a l l  lysozyme and drug - lysozyme 

so lu t ions ,  a finding agree with that reported by Kuramitsu e t  a1 (21) .  
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60 

Results and Discussion 

EL-NIMR, HARDEE, AND PERRIN 

The fluorescence spectra of lysozyme and the various drug - lysotyme 

4 solutions, a t  a fixed protein concentration (1 x 10 M) and pH 7 .4  are  

shown i n  Figure 1. 

of the different drug doses, the native fluorescence of the enzyme quenched 

uniformly arid i n  no instance did the drug emit at any investigated wave- 

lergth.  

the saturation of lysozyme by the ligand, suggesting that ,  the fluorescence 

from tryptophan residues 62 and 108 which are the dMRinant emitters i n  

native lysozyme (14), are completely quenched. 

I t  would appear frcm the figure that, on the addition 

The corrected residual fluorescence of 15.5 percent remained at 

Figure 2 represents the relative fluorescence intensity plotted a s  

a function of the mole r a t i o  of sulfamethazine t o  lysozyme. 

mental curve obtained (Fig. 2a) depicts that, at high drug concentrations, 

the terminal slope of the fluorescence curve is not always horizontal, 

since there is a significant bulk solution absorption. 

t h i s  absorption (F ig .  2b) is provided by a procedure originally described 

by Velick et a1 ( 2 2 )  andthenadopted by Attallah and Lata (19).  

The experi- 

Correction from 

Graphic representation, a s  w e l l  a s ,  ccmputer analysis of the different 

corrected binding data, at high drug t o  protein rat ios  are  strongly indica- 

t i ve  of a 1:  1 interaction. The binding constants (K) are  then determined 

on the basis of a 1 : l  interaction by an interative least  squares procedure 

according t o  the following equations: 

L + D - L D  

The concentration of the drug bound [LD) at any given concentration 

is estimated from the percentage of quenchiq, allowing the free  protein 

concentration [L] and the free drug concentration [D] t o  be estimated 

from the respective t o t a l  concentrations. 
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STUDIES ON SULFAMETHAZINE 61 

Wavelength i nm I 

Fig. 1: Fluorescence spectre. of lysozyme and sulfamethazine - lysozyme 

canplexes excited at 305 m. 

in 0.1M phosphate buffer and pH 7.4 , at 22OC. 

Lysozyme concentration 1 x 1 0 4 M ,  

The effect of hydrogen-ion concentration over a pH-range from 5 to 9 ,  

on sulfamethazine - lysozyme interactions is shown in Figure 3 and Table 1. 

It is apparent that, the binding constant ( K )  of the drug is pH-dependent, 

increasing as the hydrogen-ion concentration is reduced from 9 to 5. 

Furthermore, the increase in the binding capacity of the drug, was found 

to proceed steadily at both pH-extremes, whereas abruptly changed between 

pH’s 7 and 8.5. 

In the course of the present work, it was deemed that, anionic drugs 

like sulfamethazine with a pKa of 7.38 ( 2 3 ) ,  would interact with the cat- 

ionic lysozyme molecules, and that such interaction increases with increas- 
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62 EL-NLMR, W E E ,  AND PERRIN 
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Fig.  2: Relative fluorescent emission a t  337 nm as a f'unction of the m o l e  

r a t i o  of sulfamethazine t o  lysozyme. 

1 x 10h4M , i n  0.1M phosphate buffer and pH 7.4, at 22OC. 

Lysozyme concentration 

0 -  Experimental curve ( a )  and D - Corrected curve (b) 

ing ionization of the drug. However, the experimental findings obtained 

provide evidence tha t  t h i s  is not the case. 

t ha t , t he  anionic drug species apparently having binding constants t o  lysozyme 

of at l eas t  a n  order of magnitude lower than the unionized species,  which 

inc.rc,ase as the pH is sh i f ted  t o  the ac id  region; a finding indicating tha t  

thc negative charge is  not necessary f o r  such interactions.  

In cont ras t ,  it w a s  found 

Urea denatures lysozyme, the extent of unfo ldng  of the protein depend- 

ing  upon, urea concentration, temperature and pH of the m e h u m  (24 - 321. 

Figure 4 and Table 1 demonstrate the effect of urea over a wide range of 

conccntrntions ( 0  - 8M), on the binding of sulfamethazine t o  lysozyme, at  

d i f fe ren t  pH-levels. A t  a l l  investigated pH-values, the binding constant 

of the drug w a s  found t o  increase l i nea r ly  with increasing urea concentra- 

t i on ;  the  e f fec t  being more pronounced at high urea concentrations (8M),  

as the protein i s  denatured. The data obtained reveals that, the binding 
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STUDIES ON SULFAMETHAZINE 6 3  

4 . 5  

4 . 3  

4.1 
z 
(71 
1 

3 . 9  

3 .?  

3.5  

Fig. 3: Effect of pH on the binding constants for  sulfmethazine - lysozyme 

interactions. Lysozyme concentration 1 x 1 0 4 M ,  i n  0.1M phosphate 

buffer, at 22OC. 

capacity is pH-dependent, and again favors a t  the lower pH’s, when the drug 

is present i n  the unionized form. 

The rrarked increases i n  the binding constant of the drug associated 

with increasing i n  urea concentration may be attr ibuted t o  confi . .rational 

change i n  the protein structure,  and subsequently a more fu l ly  exposure of 

the binding s i t e s ,  t o  a l terat ion i n  the hydration state of lysozyme, t o  

the role displayed by urea on the water s t ructure ,  which resul ts  i n  a more 

hydrophobic environment most convenient fo r  the ligand - protein interact-  

ions, o r  a combination of these. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



64  EL-NIMR, HARDEE, AND PERRIN 

C 
.i 

I 
I + I  + I  

8 
ri 

+I 

8 
d 

+I  

+I +I +I +I + I  +I 

u 
+J 

0 

.A 

rd 

s m 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



STUDIES ON SULFAMETHAZINE 65 

100 
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nl 'z 
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20 
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2 L 6 0 
Urea Concentration (MI 

Flg. 4: E f f e c t  of urea concentration on the  binding constants for 

sulfamethazine - lysozyme in te rac t ions  at  d i f fe ren t  pH-levels. 

Lysozyme concentration 1 x 104M, i n  0.1M phosphate buffer,  at 22OC. 

0 - pH 6 .2  0 - pH 7.4 A - pH 8.5 

The data obtained presents a l so  some general patterns.  Sulfametha- 

zine can bind t o  a significant extent t o  lysozyme and t h i s  interaction is 

not primarily due t o  e l ec t ros t a t i c  binding forces (33,34), but mainly 

a t t r i bu ted  t o  hydrophobic phenomena. 

support f r o m  the view t h a t ,  the hydrophobic force is the most form of 

ener-w responsible fo r  the binding of sulfonamides t o  proteins (35 - 37).  

Furthermore, the data obtained shows a remarkable correspondence with 

a recent cwmnvlication by E l - N i m r  et a1 (16), on the binding of ce r t a in  

ophthalmic drugs t o  lysozyme. A t  pH 7.4 , chloranphenicol a neutral  dru2 

This finding receives increasing 
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66 EL-NIMR, W E E ,  AND PERRIN 

Table 2 

Binding Constants f o r  D r u g  - Lysozyme Interactions at 22OC,  

Assuming a 1 1 1  Interaction (16) 

D r u g s  

Sulfisoxazole 

Sulfaethi dole 

Sulfathiazole 

Sul f amethazi ne 

Chloramphenicol 

Chloramphenicol 

Chloramphenicol 

Chloramphenicol 

2 

PH pKal5 

7.4 5 .OO 

7.4 5.60 

7.4 7.12 

7.4 7.38 

5 .O 

6.2 

7.4 ---- 

---- 
---- 

---- 8.0 

K ( M-' )** 

7,0002 100 

13,000 200 

21,000 It 200 

23,000 2 500 

32,000 _+ loo0 

30,000 500 

30,000 2 500 

38,000 2 loo0 

A G  
( Kcal M-' ) 

-5.19 

-5.55 

-5. R3 

-5.89 

-6.  oa 

-6 -04 

-6.04 

-6.18 

* 
Present data 

A l l  binding constants are expressed at 2 95% asyrptotic confidence 

intervals . 

** 

w a s  found to exhibit a higher bindix constant compared with any other 

investigated sulfonamide. In addition, the binding constant of chloram- 

phenicol shows no major variations at various pH-levels. Unlike chlora- 

mphenicol, the binding of the different sulfonamides to lysozyme was found 

to be pKa-dependent, where the interaction enhances with reducing ioniza- 

tion of the dru2 (Table 2 ) .  
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