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PHOSPHOLIPID-PAPAIN I N T E R A C T I O N S  
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Un ive rs i t y ,  Budapest, Hungary, H-1444 P.0.B.263. 
P lan t  P ro tec t i on  I n s t i t u t e  o f  Hungarian Academy o f  
Sciences Budapest, Hungary 

Abstract  I n t e r a c t i o n  o f  s i x  syn the t i c  phosphol ip ids 
w i t h  papain was s tud ied by d i f f e r e n t i a l  scanning ca- 
l o r i m e t r y .  Papain and phosphol ip id in f luenced mutual ly  
each o t h e r ' s  main t r a n s i t i o n  temperature, t he  enthalpy 
o f  main t r a n s i t i o n  and the h a l f  with o f  the t r a n s i t i o n  
suggesting the existence o f  p a p a i w h o s p h o l i p i d  
i n t e r a c t i o n s .  M u l t i v a r i a t e  methods proved t h a t  the 
l eng th  o f  apolar f a t t y  ac id  chains o f  phosphol ip ids 
i s  responsible f o r  the e f f e c t ,  i n d i c a t i n g  hydrophobic 
i n t e r a c t i o n  between papain and phosphol ip ids.  The 
e f f i c a c y  of phosphol ip ids increases w i t h  growing 
l eng th  of f a t t y  ac id  chain,  the grade o f  methy lat ion 
o f  po la r  head group o f  phosphol ip ids i n f l uences  t o  a 
l esse r  extent  the i n t e r a c t i o n .  The presence o f  
phosphol ip ids has a n e g l i g i b l e  e f f e c t  on the  prote-  
o l y t i c  a c t i v i t y  o f  papain. 

INTRODUCTION 

P h o s p h o l i p i d - p r o t e i n  i n t e r a c t i o n s  p lay  a considerable 

r o l e  i n  c e l l  f unc t i on  (1,2,3). Liposomes fuse w i t h  v i r u s  

p a r t i c l e s  (4), t h i s  fus ion a c t i v i t y  i s  s t rong ly  dependent 

on the l i p i d  composition ( 5 ) .  d - l a c t a l b u m i n ,  lysosyme and 

r ibonuclease induced the fus ion  o f  phosphat i ty lser ine/  

phosphatidylethanolamine ves ic les  (69). Phospholipids 

i n f l uence  considerably glucon synthase a c t i v i t y  too (7 ,  

8 ) .  Po lyca t i on i c  compounds as p o l y l y s i n e  are able t o  

increase the permeabi l i ty  o f  the outer membrane o f  Gram- 

-negative bac te r ia  (9).  I t  was r e c e n t l y  repor ted t h a t  
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406 M. SZOGYI AND T. CSERHATI 

phosphat idylser ine accelerated the  phosphorylat ion of r a t  

b r a i n  Ca 

kinase (10)  and the magnitude o f  the h e l i c a l  hydrophobic 

moment around p r o l i n e  residues i s  reduced i n  l i p i d - b i n d i n g  

p ro te ins  and pept ides (11). 
Although the p h o s p h o l i p i d - p r o t e i n  i n t e r a c t i o n  has been 

stud ied on var ious objects ,  the type of i n t e r a c t i o n  (hydro- 

p h i l i c  or hydrophobic) and the r e l a t i v e  impact o f  po la r  head 

group and a l k y l  chain l eng th  of phosphol ip ids on the  i n t e r -  

ac t i on  have not  been e luc idated i n  d e t a i l .  

The object ives o f  our work were t o  i n v e s t i g a t e  the 

2+ -act ivated and phospholipid-dependent p r o t e i n  

phospholipid-papain i n t e r a c t i o n  by d i f f e r e n t i a l  scanning 

ca lor imetry  (DSC) and t o  c o r r e l a t e  the  change of phase 

t r a n s i t i o n  parameters with the s t r u c t u r a l  c h a r a c t e r i s t i c s  

o f  phospholipids. To e x t r a c t  maximal in format ion o f  our 

r e s u l t s  the data matr ix  ( the change o f  phase t r a n s i t i o n  

parameter caused by phosphol ip id-prote in  i n t e r a c t i o n )  was 

evaluated by m u l t i v a r i a t e  methods as p r i n c i p a l  component 

analys is  (12) spec t ra l  mapping technique (13) and c l u s t e r  

analys is  (12 ) .  

MATERIAL AND METHODS 

Oilauroylphosphatidylcholine (DLPC) , d imyr is toy lphoshat idy l -  

chol ine (DMPC) , dipalmitoylphosphatidylcholine (DPPC) , 
distearoylphosphatidylcholine (DSPC) , dipa lmi toy lphosphat i -  

dylethanolamine (DPPE) , N-monomethyl-dipalmitoylphospha- 
t idylethanolamine (MMDPPE) and papain were purchased from 

Sigma Chern. Co (USA) and used wi thout  f u r t h e r  p u r i f i c a t i o n .  

Other reagents were o f  a n a l y t i c a l  p u r i t y .  

For DSC measurements samples were made by mixing the  dry  

l i p i d s  and papain with twice d i s t i l l e d  water for  30 min. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
10

 1
9 

Fe
br

ua
ry

 2
01

3 



PHOSPHOLIPID-PAPAIN INTERACTIONS 407 

with a vortex mixer. The 1 ip id :water  weight r a t i o  was 1 : 4 ,  

whereas the papain:phospholipid molar r a t i o  was 1 : l O .  The 

measurements were c a r r i e d  out  i n  a OuPont 910 DSC-cell a t  a 

heat ing r a t e  o f  5'C/min and i n  the  s e n s i v i t y  range o f  

0 . 1 4 . 2  mW/cm. The main t r a n s i t i o n  temperature (T,) , the  

h a l f  width o f  the t r a n s i t i o n  (AT,/,) and the enthalpy o f  

main t r a n s i t i o n  (AHm) o f  phosphol ip ids,  and the  two t r a n s i -  

t i o n  temperatures ( T  , T o f  papain were determined. The 

e f f e c t  o f  phospholipi!ls on the p r o t e o l y t i c  a c i t v i t y  o f  

papain was determined on caseine subst rate.  Phosphol ip id 

were sonicated i n  0.16 M phosphate b u f f e r  (pH = 7.0) f o r  

10 min. than papain was added t o  the d ispers ion,  a f t e r  

2 hours incubat ion the  a c t i v i t y  was determined by t h e  b i u r e t  

r e a c t i o n  (14 ) .  Phsopho1ipid:papain molar r a t i o  was 100-1O:l. 

Each experiment (DSC and determinat ion o f  p r o t e o l y t i c  

a c t i v i t y )  was run i n  quadrupl icate.  

I n  order t o  f ind the molecular substructures o f  phosphol i -  

p i d s  i n f l uenc ing  the f i v e  phase t r a n s i t i o n  parameters men- 

t i oned  above c o r r e l a t i o n s  were ca l cu la ted  between the  change 

o f  phase t r a n s i t i o n  parameters as dependent and the l eng th  

o f  apolar f a t t y  ac id  chain (number o f  carbon atoms) and 

the  grade o f  methy lat ion o f  po lar  head group o f  phospho- 

l i p i d s  as independent va r iab les .  As the  character o f  corre-  

l a t i o n  ( l i n e a r ,  quadrat ic o r  l oga r i t hm ic )  between the  

va r iab les  was no t  prev ious ly  establ ished, stepwise reg ress i -  

on ana lys i s  (15) was appl ied t o  se lec t  t he  independent 

va r iab les  ( l eng th  of f a t t y  ac id  chain, grade o f  methy lat ion 

o f  head group o f  phosphol ip ids) t h a t  s i g n i f i c a n t l y  i n f l uence  

the phase t r a n s i t i o n  parameters. Stepwise regress ion analy- 

s i s  was c a r r i e d  out f i v e  times tak ing  the  Tm, dTl/2, AH,, 

p2 

T and T values separately as dependent var iab les.  The 
P I  p2 
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408 M. SZOGYI AND T. CSERHATI 

independent va r iab les  were i n  each case the  l i n e a r ,  quadra- 

t i c  and loga r i t hm ic  forms of a l k y l  chain l eng th  and the li- 

near and quadrat ic forms of t he  grade of methy lat ion of head 

groups. The number of accepted independent va r iab les  was not  

l i m i t e d ,  t h e i r  p a r t i a l  F value was s e t  t o  F=2. 

To take i n t o  considerat ion a l l  phase t r a n s i t i o n  r e s u l t s  

simultaneously the  data ma t r i x  was evaluated by p r i n c i p a l  

component analys is ,  by s p e c t r a l  mapping technique and by 

c l u s t e r  analys is .  

RESULTS AND DISCUSSION 

The DSC curves of DPPC, papain and DPPC-papain mixture are 

shown i n  Fig.1.  Papain and DPPC mutual ly  modify each o t h e r ' s  

phase- t rans i t ion parameters. The p r e t r a n s i t i o n  of DPPC 

disappears, t h e  main t r a n s i t i o n  temperatures increase and 

the  peaks are wider. A l l  these changes i n d i c a t e  papain-DPPC 

i n t e r a c t i o n .  The phase t r a n s i t i o n  parameters are compiled 

i n  Table I. Each phase t r a n s i t i o n  parameter o f  each phospho- 

l i p id -papa in  mixture were modi f ied compared t o  t h e  pure 

compounds prov ing the existence o f  papain-phospholipid 

FIGURE 1. DSC curves of DPPC, papain (--) , and 
0PPC:papain 10:1 molar r a t i o  (-- - -1 
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PHOSPHOLIPID-PAPAIN INTERACTIONS 409 

i n t e r a c t i o n .  The increas ing ha l f  w i t h  o f  the t r a n s i t i o n  and 

o f  decreasing enthalpy o f  phosphol ip ids i nd i ca tes  t h a t  

papain decreases the in termolecular  order o f  phosphol ip ids 

by i n t e r a c t i n g  with them. 

The r e s u l t s  o f  stepwise regression analys is  are compiled i n  

Table 11. The change o f  T and T d i d  not  depend s i g n i -  

f i c a n t l y  on the f a t t y  ac id  chain l eng th  and on the grade o f  

methy lat ion o f  head group of phosphol ip ids.  The longer i s  

t he  f a t t y  ac id  chain the  lower i s  t he  e f f e c t  o f  papain on 

the phase t r a n s i t i o n  temperature and on the h a l f  width o f  

the t r a n s i t i o n  of phosphol ip ids (Eqs.1 and 2 i n  Table 11). 
These f i nd ings  suggest t h a t  the papain-phospholipid i n t e r -  

ac t i ons  are mainly governed by hydrophobic i n t e r a c t i o n s ,  t h e  

apolar f a t t y  a c i d  chains adsorb on the hydrophobic substruc- 

t u res  i n  papain. The path c o e f f i c i e n t s  (b i%)  o f  Eq.3. i n d i -  

cate t h a t  the l eng th  o f  f a t t y  ac id  chain has a higher impact 

and the grade o f  methy lat ion i s  of secondary importance. 

This  r e s u l t  supports our previous supposi t ion concerning t h e  

hydrophobic character o f  i n t e r a c t i o n .  I n  the p r i n c i p a l  com- 

ponent analys is  the f i r s t  p r i n c i p a l  component expla ins 79.1% 

of t o t a l  var iance (eigenvalue: 4.75). It means t h a t  may 

e x i s t  a s i n g l e  background va r iab le  w i t h  the help o f  which 

about 80 % o f  t he  change of phase t r a n s i t i o n  parameters can 

be explained. We st ress t h a t  t h i s  r e s u l t  does no t  prove the 

existence o f  r e a l  background parameters, i t  on ly  i n d i c a t e s  

t h a t  w i t h i n  the se t  o f  measured data i t s  existence mathema- 

t i c a l l y  poss ib le .  The second p r i n c i p a l  component expla ins 

18.7 % of t o t a l  variance (eigenvalue 1.13) which i nd i ca tes  

the overhelming role  o f  on l y  one background va r iab le .  

The two dimensional map PC va r iab les  i s  shown i n  F ig .2.  

The phase t r a n s i t i o n  parameters which are s i m i l a r l y  i n f l u -  

enced by a l l  t he  s i x  phosphol ip ids are near t o  each other 

P 1  p2 
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+ Tm 

1 

on the map as well as the parameters influenced differently 
are widely separated from each other. The phase transition 
parameters of phospholipids (Tm, AT1,* and AH,,,) are well 
separated, it means that papain influence differently the 
parameters mentioned above. Oppositely, the T and T 

values are near to each other indicating that phospholipids 
exert similar effect on both transition temperatures of pa- 
pain. The result of cluster analysis (clustering of phospho- 
lipids taking into consideration simultaneously all the five 
phase transition parameters) is shown in Fig.3. Our data 
clearly show that the grade of methylation has a negligible 
effect on the efficacy of phospholipids (the points of OPPE, 

MMDPPE and DPPC are near to each other) and the length of 
apolar fatty acid chains differentiate markedly the phospho- 
lipids proving again the importance of hydrophobic forces in 
the papain-phospholipid interactions. 
The potency values calculated by the spectral mapping 

P p2. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
10

 1
9 

Fe
br

ua
ry

 2
01

3 



PHOSPHOLIPID-PAPAIN INTERACTIONS 

DSPC 

41 I 

DLPC 

F I G U R E  3 .  R e s u l t  o f  c l u s t e r  a n a l y s i s  

t e c h n i q u e  s u p p o r t  our  p r e v i o u s  f i n d i n g s .  The o v e r a l l  e f f i -  
c i e n c y  of  p h o s p h a t i d y l c h o l i n e s  i n c r e a s e s  w i t h  growing l e n g t h  
of  a p o l a r  f a t t y  a c i d  c h a i n s  ( p o t e n c y  v a l u e s :  DLPC=6.65; 
DMPC=12.55 and OSPC=l3.56) however t h e  g r a d e  o f  m e t h y l a t i o n  
of p o l a r  head group i n f l u e n c e  t o  a lesser extent t h e  e f f i c a -  
c y  ( p o t e n c y  v a l u e s :  DPPE=8.55; MMDPPE=9.25; DPPC=10.54). 

DLPC, DMPC d i d  n o t  i n f l u e n c e d  s i g n i f i c a n t l y  t h e  p r o t e o l y t i c  
a c t i v i t y  of  p a p a i n  even a t  t h e  h i g h e s t  molar  r a t i o .  DPPE,  
MMDPPE, DPPC and DSPC d e c r e a s e d  t h e  p r o t e o l y t i c  a c t i v i t y  o f  
p a p a i n  w i t h  13 .7 ;  1 5 . 2 ;  1 2 . 8  and 14 .3% r e s p e c t i v e l y  a t  
1OO:l molar r a t i o .  However t h e s e  e f f e c t s  were s i g n i f i c a n t ,  
t h e y  are n e g l i g i b l e  from p r a c t i c a l  p o i n t  o f  view. The re- 
s u l t s  of a c t i v i t y  measurements s u g g e s t  t h a t  t h e  a d s o r p t i o n  
o f  p h o s p h o l i p i d  on t h e  s u r f a c e  of  p a p a i n  n u l e c u l e s  t a k e s  
p l a c e  f a r  from t h e  a c t i v i t y  cent rum of  p a p a i n .  T h i s  i n t e r -  
a c t i o n  makes more s t a b l e  t h e  p a p a i n  s t r u c t u r e  b u t  d o e s  n o t  
i n f l u e n c e  markedly its p r o t e o l y t i c  a c t i v i t y .  
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TABLE 11. E f f e c t  o f  f a t t y  a c i d  cha in  l e n g t h  (L)  and grade of 
methy la t i on  o f  head group of phospho l ip ids  (MI on t h e  change 

o f  phase t r a n s i t i o n  parameters o f  papa in-phospho l ip id  

m ix tu res  n = 6, rq5% = 0.8114 

= 0.8447 

r = 0.8777 

-2 2 
r c a l c .  

c a l c .  

1. Tm 7.28 - (1,35+0.4).10 L 

2. AT1/2 = 3.61 -(0.17+0.05)L 

3. A H m  = -81.65 + blM + b210gL 

bi 

'bi 

b .' % 

t 

1 

t90% 

t95% 

= 14.3 Fca lc  

M 

1.92 

0.64 

36.47 

2.99 

2.35 

3.18 

Fq5% = 9.55 

l ogL  

72.14 

13.96 

63.53 

5.21 
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