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be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.
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PHOSPHOLIPID - AMINO ACID INTERACTIONS 

M A R I A  SZflGYI’, T IEOR CSERHATI , BARNA BORDAS 

U n i v e r s i t y  Budapest, Hungary 
P lan t  P r o t e c t i o n  I n a t i t u t e  o f  Hungarian Academy o f  
Sciences Budapest, Hungary 

Abst ract  I n t e r a c t i o n  of 17 amino ac ids with dipalmi-  
t o y 1  phosphatidylethanolamine and with d i p a l m i t o y l  
phosphat idy lchol ine was s tud ied  by d i f f e r e n t i a l  
scanning ca lo r ime t ry .  Amino ac ids  i n f l uenced  the  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 t h e  h a l f  w id th  o f  main t r a n s i t i o n  suggest ing t h e  
ex is tence o f  amino ac id-phosphol ip id  i n t e r a c t i o n s .  
Stepwise regress ion ana lys i s  proved t h a t  t h e  e f f e c t  o f  
amino ac ids  depended equa l l y  on t h e i r  l i p o p h i l i c i t y  and 
on t h e  pK values o f  k amino and d/ carboxyle groups t h a t  
i s  the e f f e c t  observed i s  t he  r e s u l t s  o f  t h e  i n t e r p l a y  
o f  hydrophobic and h y d r o p h i l i c  i n t e r a c t i o n s .  P r i n c i p a l  
component ana lys i s  proved t h a t  t ryptophan exer ted the  
h ighest  impact on t h e  thermal behaviour o f  phosphol i -  
pids. 

I n s t i t u t e  o f  Biophysics,  Semmelweis Medical  x 

INTRODUCTIONS 

Phosphol ip id-prote in  i n t e r a c t i o n  p lay  a considerable r o l e  

i n  c e l l  f u n c t i o n  ( 1 , Z ) .  A major c l a s s  of membrane p r o t e i n s  

r e a c t s  both with the  p o l a r  and apolar p a r t  o f  t h e  l i p i d .  

Poly-L- lys ine,  which i s  commonly used as a model f o r  

e x t r i n s i c  membrane p r o t e i n s ,  has a pronounced b i l a y e r  

s t a b i l i z i n g  e f f e c t  i n  model membranes of c a r d i o l i p i n  due t o  

i t s  e l e c t r o s t a t i c  i n t e r a c t i o n s  with t h e  l i p i d  headgroups ( 3 ,  

4 ) .  It was r e c e n t l y  repo r ted  t h a t  phospha t i t y l se r ine  acce- 

l e r a t e d  the  phosphory la t ion of r a t  b r a i n  Ca2+-activated and 

phospholipid-dependent p r o t e i n  k inase ( 5 )  and t h e  magnitude 

o f  t he  h e l i c a l  hydrophobic moment around p r o l i n e  res idues 

i s  reduced i n  l i p i d - b i n d i n g  p r o t e i n s  ( 6 ) .  I t  was f u r t h e r  
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268 M .  S ~ O G Y I .  ' 1 .  CSERHATI A N I )  B BORDAS 

established that polyamines, spermine, spermidin and 
putrescine stabilized membrane ( 7 ) .  

Not only proteins but also the polypeptide antibiotics as 
gramicidins influence the structure of membrane phospho- 
lipids ( 8 ) .  The tryptophan residues in the gramicidin mole- 
cule play an important role in the lipid structure modu- 
lating effect of the peptide (9,10,11). However, according 
to our knowledge the type of interactions (electrostatic or 
hydrophobic) and the relative impact of individual amino 
acid-residues on the strength of interaction have not been 
studied in detail. 
In computerized quantitative structure-activity relation- 
ship approach of molecular interactions it has become 
apparent that the interaction can rarely be coupled to a 
single parameter, but should rather be envisaged as a 
results of interplay of various parameters. In these types 
of experiments the results are determined by a great number 
of variables which can be measured, but there may be hidden 
factors which can be extracted by principal component 
analysis (12). This multivariate method is specially useful 
when the variables show significant intercorrelations. Up 
till now this method has received relatively little attention 
in the study of molecular interactions. 
The objectives of our work were to determine the amino 
acid-phospholipid interactions by differential scanning 
calorimetry (DSC) and to correlate the change of phase 
transition parameters of phospholipids with some molecular 
parameters of amino acids. 

M A T E R I A L  AND METHODS 

Dipalmitoyl phosphatidylethanolamine (DPPE) and dipalmi toy1 
phosphatidylcholine (DPPC) were purchased from Sigma Chern. 
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PHOSPHOLIPID-AMINO ACID INTERACTIONS 269 

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

ac ids  o f  a n a l y t i c a l  p u r i t y  were purchased from Reanal 

(Hungary). 

For DSC measurements samples were made by mix ing t h e  d ry  

l i p i d  and amino ac ids with tw ice  d i s t i l l e d  water with a 

v igorous vor tex mixer f o r  30 minutes. The 1 ip id :wa te r  weight 

r a t i o  was 1 :4 ,  whereas the  amino ac id:phosphol ip id  molar 

r a t i o  was 1 : l O .  The measurements were c a r r i e d  ou t  i n  a 

DuPont 910 DSC-cell a t  a heat ing r a t e  o f  5'C/min. and i n  

t h e  s e n s i t i v i t y  range of 0, l -0,2 mW/cm. The equipment was 

c a l i b r a t e d  us ing  indium. The main t r a n s i t i o n  temperature 

(T,) and the  h a l f  w idth o f  t he  t r a n s i t i o n  (AT1/2) were 

determined. The enthalp ies (AH,) were ca l cu la ted  from the  

area below the  endotherms. 

The RM values of amino ac ids cha rac te r i z ing  t h e i r  l i p o p h i -  

l i c i t y  were determined by reversed-phase t h i n - l a y e r  

chromatography (13,14,15). S i l u f o l  UV254 p l a t e s  (Kaval ier  , 
Czechoslovakia) were impregnated with 5 % p a r a f f i n  o i l  i n  

n-hexane as descr ibed i n  ref .16.  Amino ac ids were d isso lved 

i n  water:2-propanol (1 :4  v o l . )  a t  a concentrat ion o f  

1 mg/cm3, 3 mm of each s o l u t i o n  were spot ted on t h e  p la tes .  

Twice d i s t i l l e d  water was app l i ed  as e luen t .  A f t e r  deve- 

lopment the  p l a t e s  were d r i e d  a t  105OC and the  spots were 

detected by t h e  n inhyd r in  reagent ( 7 ) .  
Each experiment (DSC, and l i p o p h i l i c i t y  determinat ions) was 

run i n  quadrupl icate.  

To f ind the  molecular parameters o f  amino ac ids i n f l u e n c i n g  

t h e  phase t r a n s i t i o n  parameters (Tm,ATlj2,AHm) o f  phos- 

p h o l i p i d s  c o r r e l a t i o n s  were c a l c u l a t e d  between t h e  Tm, 

AT1,2 a n d A H m  values o f  DPPC and DPPE as dependent and the 

RM, pKaH2, p K ~ C o o H ,  and PI values o f  amino ac ids as 

3 

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:
13

 1
9 

Fe
br

ua
ry

 2
01

3 



270 M 570GY1. T CSFRHATI A N D  B BORDAS 

independent var iab les.  The d i s s o c i a t i o n  constants and 

i s o e l e c t r i c  p o i n t s  of amino ac ids were taken from r e f s  18  

and 19. 

As the character o f  c o r r e l a t i o n  ( l i n e a r  or quadrat ic)  

between the  va r iab les  mentioned above is n o t  w e l l  known 

stepwise regress ion ana lys i s  (20) was app l i ed  t o  s e l e c t  t h e  

s i g n i f i c a n t l y  i n f l uence  the  p6ase t r a n s i t i o n  parameters o f  

DPPC and DPPE. Stepwise regress ion ana lys i s  was c a r r i e d  ou t  

s i x  t imes t a k i n g  the  T ,AT1,2 andAHm values of DPPE and 

DPPC separate ly  as dependent va r iab les .  The independent 

va r iab les  were i n  each case the l i n e a r  and quadra t i c  forms 

, pK$.COOH7 PI and RM values. The number o f  o f  pK 

accepted Zndependent va r iab les  was n o t  l i m i t e d ,  t h e i r  

p a r t i a l  F value was se t  above 1. To take i n t o  cons ide ra t i on  

a l l  OSC r e s u l t s  s imultaneously the  data were evaluated by 

p r i n c i p a l  component ana lys i s  (PCA).  To no t  lose i n fo rma t ion  

by the  normal isat ion PCA was c a r r i e d  ou t  on the  covar iance 

ma t r i x  instead o f  the c o r r e l a t i o n  m a t r i x .  Nonl inear mapping 

o f  PC loadings and va r iab les  was a l so  c a r r i e d  ou t  ( 2 1 ) .  The 

phase t r a n s i t i o n  parameters of DPPE and DPPC form c l u s t e r s  

on the  nonl inear  map of PC loadings according t o  t h e i r  

s i m i l a r  response t o  the e f f e c t  o f  amino ac ids or they are 

widely  separated when t h e i r  responses are widely  d i f f e r e n t .  

On the nonl inear  map o f  PC va r iab les  the  amino ac ids  

i n f l u e n c i n g  s i m i l a r l y  t he  phase t r a n s i t i o n  parameters of 
DppE and DPPC form groups whereas the  amino ac ids w i t h  

d i f f e r e n t  e f f e c t s  are separated. 

RESULTS AND DISCUSSION 

The phase t r a n s i t i o n  parameters of DPPC and DPPE as w e l l  as 

the  RM values o f  amino ac ids are compiled i n  Table I. The 

independent va r iab les  (pK dNH 7 pK$COOHl P I ,  RM) that 

m 

d NH 
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PHOSPHOLIPID-AMINO ACID INTERACTIONS 27 1 

coefficient of variation of RM values never exceed 6 %. Each 
amino acid modifies one or  more of the phase transition para- 
meters of DPPC and/or DPPE, however, compared to the effect 
of other membrane damaging agents ( 2 2 ) ,  this influence is 
fairly low. Except glutamic acid each amino acid decreased 
the main transition temperature and the enthalpy of main 
transition and increased the half width of transition. 
These findings prove that amino 
and DPPE. The amino acids act as structural defects loosening 
the lipid packing density and increasing the desorganization 
of lipid bilayers. The stability enhancing effect of glutamic 
acid can be explained by the assumption that the two 
boxyle groups probably interact simultaneously with the 
quaternary amino groups of two DPPC molecules (hydrophilic 
interaction) resulting in the stabilization of the phospho- 
lipid structure. Our supposition is supported by the fact 
that no stabilizing effect was observed with DPPE. 

The results of stepwise regression analysis are compiled 
in Table 11. In case of the half width of DPPC and that of 
the enthalpy of main transition of DPPE t h e  independent 
variables applied in the calculations did not influenced 
significantly the phase transition parameters mentioned 
above. In these cases either other molecular parameters of 
amino acids are responsible for the effect (AH, of DPPE) 

or the effect is negligible (nT1/2 of DPPC). The lipophili- 
city was selected as unique independent variable to 
influence significantly (over 95 % significance level) the 
enthalpy of main transition of DPPC and the main transition 
temperature of DPPE. The lipophilicity exerts significant 
impact also on the other two thermotropic variables (main 
transition temperature of DPPC and half width of transition 
of DPPE). These results suggest that the amino acid - phospho- 

acids interact with DPPC 

car- 
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212 M G'OGYI. T CSkRHATI AND B BORDAS 

l i p i d  i n t e r a c t i o n  bases on hydrophob-hidrophob i n t e r a c t i o n s .  

However, the presence o f  o ther  independent va r iab les  than 

l i p o p h i l i c i t y  i n  equations A and 0 (Table 11) suggests t h a t  

t he  ac tua l  s i t u a t i o n  may be more complicated than o u t l i n e d  

above. Besides o f  l i p o p h i l i c i t y  the main t r a n s i t i o n  ternpera- 

t u r e  of DPPC i s  in f luenced by the  a l k a l i n i t y  o f  t h e &  amino 

groups, by the a c i d i t y  o f  t he  d carboxyle groups and by the  

i s o e l e c t r i c  p o i n t  o f  amino acids.  This f i n d i n g  i n d i c a t e s  

t h a t  the a l k a l i n e  d amino group o f  amino ac ids may i n t e r a c t  

with the a c i d i c  group o f  DPPC and t h e  a c i d i c  d carboxyle 

group forms probably hydrogen bond with the quaternary amino 

group o f  DPPC. I n  the case of h a l f  w id th  o f  t r a n s i t i o n  o f  

DPPE only  the a c i d i t y  o f  t he  carboxyle group exe r t s  a 

s i g n i f i c a n t  impact probably i n t e r a c t i n g  with the  amino group 

o f  DPPE. 

Summarizing the  r e s u l t s  of stepwise regress ion ana lys i s  we 

establ ished t h a t  the amino ac id  - phosphol ip id  i n t e r a c t i o n  i s  

governed equa l l y  by hydrophobic and h y d r o p h i l i c  i n t e r a c t i o n s ,  

t h e  hydrophobic one seems t o  be the  s t ronger .  The apolar s ide  

chain o f  amino acids penetrate among the  hydrocarbon chains 

o f  l i p i d  molecules, t h e i r  p o l a r  groups form hydrogen bond 

with the po la r  head groups o f  phosphol ip ids.  

The r e s u l t s  o f  p r i n c i p a l  component ana lys i s  are shown i n  

Table 111. The f i r s t  p r i n c i p a l  component (PC) exp la ins  more 

than h a l f  o f  t he  t o t a l  var iance. I t  means t h a t  may e x i s t  a 

s i n g l e  background v a r i a b l e  with the he lp  of which about 

h a l f  o f  the change o f  phase t r a n s i t i o n  parameters can be 

explained. We have t o  s t r e s s  t h a t  t he  PCA does n o t  prove the 

existence of r e a l  background parameters, i t  only  i n d i c a t e s  

t h a t  within the  se t  of measured data t h e i r  ex is tence i s  

mathematical ly poss ib le .  The PC loadings show t h a t  t he  Tm 

and A Hm values o f  DPPC and DPPE are s i m i l a r l y  i n f l uenced  
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PHOSPHOLIPID-AMINO ACID INTERACTIONS 213 

.Z 

by the amino acids as well as the behaviour ofAT1/2 values 
deviates considerably from that of Tm and A H m  values and 
also from each other. 
The two dimensional nonlinear map of PC loadings (Fig.1.) 
shows that each phase transition parameter is influenced 
differently by the amino acids. However, the phase trapsition 
parameters of DPPE and DPPC form two loose clusters indicating 
that the type of polar head groups partially determines the 
character of interaction. As theAT1/2 values are the most 
widely separated this is the parameter differing more 
strongly in DPPE-amino acid and DPPC-amino acid interactions. 

I * 3  

.Z 

.3 
1 

I 

4 ' 5  
.6 

- 1- 

.6 
' 5  

-1 

FIGURE 1. Two dimensional nonlinear map of PC loadings. 
No of iteration: 5, Max. error of mapping: 0.02. 
1. Tm of DPPC 2.AT,/, of DPPC 3.AHm of DPPC 
4. Tm of DPPE 5.ATlI2 of OPPE 6.AHm of DPPE 

The two dimensional nonlinear map of PC variables (Fig.2.) 
shows that - taking into consideration all the six DSC pa- 
rameters - tryptophan and lysine exert the highest impact 
(their points are the most widely separated from the point 
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271 M WOCiYI. T CSERHATI A N D  B. BORDAS 

FIGURE 2. Two dimensional nonlinear map of PC variables. 
No. of iteration: 11, Max. error of mapping:2,65.1U-2. 

of control). The map clearly prove that the amino acids do 
not form clusters according to their structural charac- 
teristics. Neither the aliphatic nor the aromatic amino 
acids separate adequately that is their effect on the 
phase transition parameters of DPPE and DPPC cannot be 
predicted on the basis of their chemical structure. 
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TABLE 11. R e s u l t s  of s tepw ise  r e g r e s s i o n  a n a l y s i s  

8 .  OPPCAHm = a + bl.RM 

C .  OPPE Tm = a + bl.RM 

A .  UPPC Tn, = a + bl.pK L N H ~  + b 2 . P I  + b , . (PKd , -oo~)~  ' b 4 . R ~  2 

0. OPPEAT1,2 = a + b,.RM + b2.(pKLCoo,,)* + b3.RM 2 

Parameters of e q u a t i n n  

A R C D 

a 41.00 52.0 64.9 2 .2  

0.25 

-0.24 

-0.16 

bl 

b2 

b3 

b4 0.32 

b i  % 15.76 

b; % 44.77 

b j  % 17.70 

b i  % 21.77 

S 0.29  

0.12 

sbl 0.05 

Sb2 'b3 0.07 

0.14 

Sb4 r 0.0350 

F 6 . 9 1  

2.09 

4.54 

2.36 
2.22 

tl 

t2 

t 3  
t4  

'95% 

F99% 
tg0% 1.78 

t95% 

t99% 

t 9 9 , 9 %  

5.41 

2.10 

4.32 

.2.83 -0 .33 6 , 2 .  in-2 

-7,5.10-2 

7 ,O . lo-* 

29.50 

42.62 

27.88 

3.95 0 . 4 9  7 .3 .  lo- '  
1.15 U.13 2 , 6  . 1 c 2  

1.7.10-'  

5 ,2 .10-2 

0.5374 0.5116 0.77R6 

6.67 

2.40 

4.118 

2.32 

0 .4821  0 .4821  

5.14 

2.16 

3.111 
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PHOSPHOLIPID-AMINO ACID INTERACTIONS 211 

TABLE 111. Resul ts  of p r i n c i p a l  component a n a l y s i s  (PCA) 

No of PC Eigenvalue Sum of t o t a l  var iance expla ined % 

1 3.21 53.53 

2 1.21 73.63 

3 0.58 83.08 

P r i n c i p a l  component loadings 

Var iab le No of p r i n c i p a l  component 

1 2 3 

TmDPPC 0.80 0.26 -0.09 

A T 1 / 2  DPPC -0.27 0.89 0.28 

AH, DPPC 0.79 0.29 0.22 

AH,  DPPE 0.85 -0.36 0.12 

Tm DPPE 0.82 -0.17 0.32 

AT1/2 OPPE -0.70 -0.34 0.56 
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