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The primary structure of the nonspecific l i p i d  t ransfer protein 
(sterol car r ie r  protein 2) from bovine l i ve r  has been determined. The 
protein consists of a single polypeptide chain of 121 amino acid residues 
with serine as the amino-terminal and alanine as the carboxy-terminal res i -  
due. The protein contains one single cysteine and tryptophan residue and 
lacks tyrosine, h is t id ine and arginine. ®1985 A c a d ~ i c P  . . . . .  Inc. 

Mammalian tissues contain a nonspecific l i p i d  t ransfer protein which 

mediates in  v i t r o  the transfer of al l  common phospholipids, cholesterol and 

gangliosides between membranes ( I -3 ) .  This protein has been pur i f ied from 

rat l i ve r  (3-5) and bovine l i ve r  (6) and shown to be identical to sterol 

car r ier  protein 2 (3,7). Inherent to i t s  a b i l i t y  to transfer cholesterol,  

th is protein stimulates the formation of cholesterol ester by microsomal 

membranes (3,8,9) and the synthesis of pregnenolone by adrenal mitochondria 

( I0 ) .  

As part of our interest  in the structure and mode of action of l i p i d  

t ransferr ing proteins, we have recently elucidated the primary structure of 

the phosphatidylcholine transfer protein from bovine l i ve r  (11). Here we 

report the complete amino acid sequence of the nonspecific l i p i d  t ransfer 

protein from bovine l i ve r .  

Materials and Methods 

~ i f i ~ i ~  
The nonspecific l i p i d  t ransfer protein was isolated from bovine l i ve r  

by a modification of the method described in (6). After the CM-cellulose 
step the protein was pur i f ied to homogeneity by chromatography on Sephadex 
G-50 and hydroxyapatite followed by Fast Protein Liquid Chromatography on 
Mono S HR5/5 (Pharmacia). 
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Prior to fragmentation the transfer protein was reduced with d i th io-  
threi to l  and carboxymethylated with [ "C]iodoacetic acid. Peptides were 
obtained by cleavage with cyanogen bromide (11), hydroxylamine (12), 
Staphyloeoecus au~eus protease (11) and BNPS-skatol (13). The cyanogen 
bromide peptides were purif ied by chromatography on AcA 202 (LKB) in 0.1M 
(NH4)HCO 3 (pH 7.8) and high-voltage electrophoresisoncellulose MN300 
sheets (Machery-Nagel) at pH 6.5 in pyridine/acetic acid/water (10:0.5: 
89.5, v/v) .  The other peptides were purif ied by chromatography on Sephadex 
G-50 in 0.1M (NH4)HC03 (pH 7.8). Further puri f icat ion of the hydroxyl- 
amine peptides was carried out by chromatography on CM-cellulose using a 
l inear gradient of 0.005-0.2 M (NH4)HCO 3 (pH 7.8). 

Protein and peptide samples were routinely hydrolyzed with 6 N HCL 
for 24 hrs at 110°C under vacuum and analyzed on a Kontron Liquimat I I I .  

The sequence of protein and peptides was analyzed on a Beckman 
sequencer, model 890 C and the residues ident i f ied as described in (11). 
Repetitive yields varied between 93 and 97%. The carboxy-terminal sequence 
of the intact protein was determined by digestion with carboxypeptidase A 
and B (11)o 

Results and Discussion 

The elucidation of the primary structure of the nonspecific l i p id  

transfer protein is based on the automated sequence analysis of the intact 

protein and the peptides obtained by fragmentation with cyanogen bromide, 

Staphylocooeus aureus protease and hydroxylamine (Fig. I ) .  The protein 

has f ive methionine residues at positions 75, 84, 88, 105 and 109. Cyano- 

gen bromide digestion wi l l  yield a total of six peptides. We have isolated 

by molecular sieve chromatography and high-voltage electrophoresis the f ive 

small peptides representing the carboxy-terminal half ( i . e . ,  CBI, Ala 76- 

-Met84; CB2, Thr85-Met88; CB3, Asn89-Met105; CB4, Gly106-Met109; CB5, 

Lys110-Ala121). Digestion by staphylococcal protease yielded three pep- 

tides ( i . e . ,  SPI, Ser1-Glu15; SP2, lle16-Glu47; SP3, Ala48-Ala121). 

Peptides due to cleavage of the bonds Glu17-Lys 18, GIu21-Asp 22, GIu23-GIy 24 

and Glu25-Gln 26 were not ident i f ied.  The protein has two bonds known to be 

part icular ly susceptible to cleavage by hydroxylamine ( i . e . ,  Asn56-Gly 57 

and Asn102-Gly103). By molecular sieve and ion-exchange chromatpgraphy, we 

have isolated three peptides ( i . e . ,  HAl, Gly57-Asn64; HA2, Ser65-Asn102; 

HA3, Gly103-Ala121). The peptide HA2 resulted from cleavage at Asn64-Ser 65 
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Fig. I .  Primary structure of the nonspecific l i p i d  transfer protein 
from bovine l i ve r .  CB: cyanogen bromide peptides; SP: staphy- 
lococcal protease peptides; HA: hydroxylamine peptides; (÷): 
amino acid determined by Edman degradation. 

probably as a r e s u l t  o f  the prolonged time of  incubat ion (16 hrs at  45°C 

instead of  3 hrs ;  see Ref. 12). 

As ind ica ted  in  Fig.  I ,  the amino acid sequence of  the amino-terminal  

h a l f  was unambiguously i d e n t i f i e d  by ana lys is  o f  the i n t a c t  p ro te in  and the 

peptides SPI, SP2, SP3 and HAl. The sequence of  the carboxy- termina l  h a l f  

was es tab l ished by the ana lys is  o f  the peptides CBI, CB2, CB3, CB4 and CB5, 

and the over lapping peptides HA2 and HA3. Amino acid ana lys is  showed tha t  

a l l  cyanogen bromide pept ides contained homoserine except CB5. This i n f o r -  

mation f i r m l y  ind ica ted  tha t  CB5 was the carboxy- terminal  fragment. Car- 

boxypeptidase d iges t ion  of  the i n t a c t  p ro te in  confirmed the i d e n t i t y  of  the 

carboxy- termina l  residues ( i . e . ,  Lys120-Ala121). The peptides SP3, HAl and 
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HA2 provided the overlap between the amino-terminal and carboxy-terminal  

ha l f .  

Analyses were rou t i ne l y  performed on peptides der ived from the [14C]- 

carboxy-methylated t rans fe r  p ro te in .  I d e n t i f i c a t i o n  of the s ing le  cyste ine 

residue at pos i t ion  71 was based on the release of r a d i o a c t i v i t y  from pep- 

t i de  HA2 at cyc le seven in the sequence analys is .  The prote in  has a s ing le  

tryptophan residue at pos i t ion  50. Cleavage of  the Trp50-Va151 bond by 

BNPS-skatol (13) y ie lded two pept ides.  Analysis of  the pept ide Va151- 

-Ala 121 confirmed the sequence up to Thr 72. 

The amino acid composition as determined from the primary s t ruc tu re  

is given in Table I .  The composition agrees very wel l  wi th tha t  reported 

in Ref. 6. A notable except ion is the presence of  four  cyste ine residues.  

Reduction of the t r ans fe r  pro te in  wi th d i t h i o t h r e i t o l  and carboxymethyla- 

t ion  wi th [14C] iodoacet ic  acid f i r m l y  establ ished that  the pro te in  has only 

one cyste ine residue. This residue is  essent ia l  as modi f ica t ion wi th 

N-ethylmaleimide inac t i va ted  the t rans fe r  pro te in  (unpublished observat ion) .  

TABLE I 

Amino acid composition of the nonspecific l ip id  transfer protein 

Amino This study a Previous study b 
acid 
Lys 18 (14.9) 17 
His 0 ( 0 ) 0 
Arg 0 ( 0 ) 0 
Asp 8 (6 .6 )  16 (Asx) 
Asn 7 ( 5.8 ) - 
Thr 5 ( 4. I ) 5 
Ser 6 ( 5.0 ) 5 
Glu 6 (5 .0 )  13 (Glx) 
Gln 6 ( 5.0 ) - 
Pro 4 ( 3.3 ) 4 
Gly 14 (11.6) 15 
Ala 9 ( 7.4 ) 9 
Val 8 ( 6.6 ) 8 
Met 5 (4 .1 )  5 
l le  5 ( 4.1 ) 5 
Leu 11 ( 9.1 ) 11 
Tyr 0 ( 0 ) 0 
Phe 7 ( 5.8 ) 7 
Cys I ( 0.8 ) 4 
Trp I ( 0.8 ) I 

aComposition based on primary s,tructure; 
mo] % in parentheses 

bData from Ref. 6 
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The transfer protein lacks tyrosine, h is t id ine  and arginine. I t  is of in-  

terest to note that a second nonspecific l i p i d  transfer protein has been 

pur i f ied from bovine l i v e r  which d i f fers  from the one reported here, in 

that i t  contains one addit ional h is t id ine  and arginine residue (6). The 

protein has an excess of f ive posi t ive charges in agreement with the iso- 

e lec t r ic  point of 9.55 (6). 

To date, the primary structure of a number o fcy toso l ic  proteins in-  

volved in i n t race l l u l a r  l i p i d  transport and metabolism has been reported, 

that is the fa t t y  acid binding protein (14), the ret inol  binding protein 

(15), and the phosphatidylcholine transfer protein (11). Possible rela- 

t ionships between these proteins and the nonspecific l i p i d  transfer protein 

are current ly under invest igat ion.  While th is  study was in progress, the 

amino-terminal half  of the nonspecific l i p i d  transfer protein was reported 

up to residue 52 (16). 
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