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S U M M A R Y  

HL-A alloanttgens, solubdlzed by the non-tonic detergent NP-40, from human 
platelets have been purified by 3 different techniques: electrofocuslng, preparative 
polyacrylam~de-gel electrophorests and filtration on Sepharose 6B 

In all cases, the purified active fractions presented the following common 
characterlshcs active molecules with molecular weights > 200 000, which could be 
d~ssoctated by analytical polyacrylamide gel electrophoresis, in sodtum dodecyl- 
sulfate-conta~mng systems, into 2 major components, stained by the per~odate- 
Schlff reagent, with molecular weights of about 45 000 and 90 000 

Only electrofocusmg enabled the crude extracts to be purified in the absence 
of the detergent, wtth a good recovery of acttve molecules 

The presence of detergent in the gel and buffer systems was necessary to reahze 
the pur~ficatton of  the crude extracts by preparative polyacrylamide-gel electro- 
phoresls 

For  filtration on Sepharose 6B, the presence of detergent enabled the active 
molecules to be eluted in a single peak. 

The importance of the detergent/protein ratio for the separauon of the d~ffer- 
ent HL-A spec~fiCltles is discussed 

I N T R O D U C T I O N  

Little reformation is so far avadable concerning the pur~ficatiort of detergent- 
solublhzed HL-A antigens by classical biochemical techmques This can be explained 
by the difficulty in removing the detergent w~thout a generally great loss of solubdlty 
of the active molecules and by the interference of the residual detergent often ob- 
served in ~mmunolog~cal assays used to detect the antigens 

Schwartz et al. [1] overcame these difficulties by using an indirect immune 
precipitation method to ~solate and characterize NP-40 solub~hzed/-[-2 alloantigens 
and Springer and Strominger [2] used the same method for the characterization of 
detergent-solubdlzed HL-A antigens Thelr contribution to the knowledge of the 
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blochemacal properties of hlstocompatiblhty antigens must be considered as funda- 
mental, because, by this technique, they could demonstrate that different antigenic 
determinants were carried by different molecules, which are glycoproteln subumts 
with molecular weights of about 45 000. 

Recently, we reported results concerning HL-A antigens from human plate- 
lets solublhzed by various amounts of NP-40 and their purification by electrofocuslng 
[3]. 

The present paper deals with further data on the active fractions purified 
by electrofocuslng and describes the results obtained from two other purification 
techmques, preparative polyacrylamlde-gel electrophoresls and filtration on Seph- 
arose 6B. 

MATERIALS AND METHODS 

Human platelets 
Platelets were obtained by differential centrifugatlon under the same condi- 

tions and from the same normal donors as previously described [3]. 

Preparation of  the solubilized extracts 
The solublhzation of the antigens was always realized from crude membrane 

preparations: 10 t l  platelets (recovered from one plasmapheresls), containing about 
180-200 mg protein, were suspended in 50 ml of 0.05 M Tns-HCI buffer (pH 7.3)- 
0 15 M NaCi and homogenized for 15 man in a Teflon homogenizer After centrlfu- 
gatlon (35 000 × g for 30 man), the supernatant, containing about one half of the 
proteins from the initial preparation, was discarded and the pellet, resuspended in 
10 ml of the same buffer, was incubated with 0 5 % NP-40 (v/v) (Compagnle Fran- 
9aise des Prodmts Shell, Paris) for 30 man at 4 °C, with continuous mixing, corre- 
sponding to a final concentration of about 0.8.10 -6 mole of NP-40 per mg of protein. 
Insoluble material was then removed by hxgh speed centnfugatlon (165 000 × # for 
90 ram) 

Elimmatton of  the deteryent 
It was realized by extensive dialysis on Dlaflo membranes, PM-10 (Amacon). 

Detectton of  HL-A spectfictttes 
The antigenic actlvlty was monitored by the inhibition of lymphocytotoxlclty 

tests, using antlsera and experimental conditions previously described [3]. The 50 % 
Inhibition dose (IDso or mhtbltlon unit) of an extract was the smallest amount 
which could dlmlmsh the activity of a lymphocytotoxlc serum by half. However, the 
inhibitory activity of various amounts of the extracts was always tested against 1 
antibody unit only, while in our prewous paper [3] the cytotox~clty percentage was 
determined agmnst 0.5, 1, 2, and 3 antibody units and the final total toxicity percen- 
tage was obtamed by adding the four percentages. For these reasons the inhibition 
unit was roughly 5 times smaller with the present system. 

Purtfication of  the soluble extracts 
Preparatwe polyacrylamtde-gel electrophorests. Preparative polyacrylamlde- 

gel electrophoresls was performed, at pH 8 9 [4], using the Qmckfit instrumentation 



84 

apparatus with tap water coohng 25 ml of separating gel was formed, using 7 ~o 
acrylamide (Kodak) and after 30 mm of ultraviolet polymerization, 10 ml of stacking 
gel was formed using 4 ~ acrylamlde The polymerization of the stacking gel occurred 
overnight The anode and cathode compartments contained both 0 05 M Trls-I-[Cl, 
0.38 M glyclne buffer (pH 8 3). The elutlon buffer was 0 35 M TrIs-HC1 buffer 
(pH 8 3). The gels were prerun at 100 V and 100 mA untd a sample of bromophenol 
blue had been eluted 5 ml of the solubd~zed extract, in 40 )/o sucrose, were finally 
apphed onto the column The current was increased to 150V and 150mA and the 
elutlon speed was 12 ml/h Fractions of  3 ml were collected In a second series of 
experiments, the same gel and buffer systems have been used in the presence of 0 3 ':1<, 
NP-40 The proteins were determined, by their absorption at 280 nm, m the absence, 
and at 254 nm, m the presence of detergent, with a Beckman Acta [ l l  spectrophotom- 
eter Cytotoxlcity inhibition tests were performed on extensively dialyzed fractions 

Ftltratlon on Sepharose 6B It was performed on 58 cm "~ 2 2 cm columns m a 
0 05 M Trls-HCl buffer (pH 7 3)-0 15 M NaC1, m the absence or m the presence of 
0 3 ~ NP-40 1-ml fractions were collected 

Analytical polyacrylamlde-gel electrophoresls 
Analytical polyacrylamxde-gel electrophoresls was performed in the presence 

of sodium dodecylsulfate [ 5] Gels contained 6 ~ acrylamlde for the separating gels 
and 3 ~o acrylamlde for the stacking gels. The sodium dodecylsulfate concentratIon 
m the gels was 0.1 o:~, The electrode buffer (0025 M Trls-HCI, 0 192 M glycme, 
(pH 8 3) also contained 0 1 ~o sodmm dodecylsulfate The samples after immersion 
for 3 rain in bo~hng water were applied onto the gels in the following buffer 0 0625 M 
Trls-HCl buffer (pI-[ 6 8), 2 ~,, sodium dodecylsulfate, 10 % glycerol and 0 001 o 
bromophenol blue In some cases, we also added 5 ~ 2-mercaptoethanol to the last 
buffer Electrophoresls was camed  out with a current of 3-5 mA/gel until the bromo- 
phenol blue marker reached 0 2 cm from the end of the gels (5 5 cm x 0 5 cm). They 
were stained for proteins by am~do black or by coomassie brflhant blue [6] and for 
carbohydrates by the per~odate-Sch~ff reagent [7] The gels were scanned with the 
gel scanner attachment of the Beckmann Acta l[1 spectrophotometer at either 620 nm 
(protein stare) or 560 nm (carbohydrate stain) 

Extraction and characterization o/ hplds 
To the previously dried fractions, which were eluted from Sepharose 6B, 

1 5 ml of  chloroform was added and after 2 rain agitation the hplds were recovered, 
after low-speed centrlfugat~on Characterization of the chloroform extract was carried 
out by chromatography on silica gel plates (DC-Fertlgplatten Kleselgel, Merck, 
20 cm × 20 cm, 0 25-ram gel), activated by heating for 30 mm at 100 °C, using a 
chloroform-methanol-water  mixture (65 25:4, by vol ) as migrating solvent [8] The 
chromatograms were developed with the following reagents" anthrone-sulfurlc acid 
for staining llplds and phosphohplds (yellow), glycopeptldes (blue) and cholesterol 
(violet), nmhydrln for statmng amino groups and FeCl3-sulfosahcyhc acid [9] for 
staining phosphorus 

Protem determmatton 
Proteins were determined by the method of Lowry et al 

extensively dialyzed on Dlaflo membranes, PM-10. 
[10], on ahquots 
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RESULTS 

The solubdlzatlon of human platelet antigens by NP-40 always produced crude 
extracts with a high inhibitory act]wty, m vitro, confirming previous observations [3], 
but the behavlour of these extracts and the recovery of the actlwtles of the antigens 
originally tested varied largely with the apphed punficatmn techniques 

Purification of the crude extracts by eleetrofocusmy 
This purification technique has already been described in a previous paper. 

We further indicated that with a low detergent/protein ratio used for the solubdlzation, 
the purified active fractions always gave rise to a single protein band stained by amldo- 
black, after analytical polyacrylamlde-gel electrophoresis at pFI 8.9 or 7.5 [3]. More 
recently, however, when submitted to sodium dodecylsulfate-polyacrylamlde gel 
electrophoresls, this single protein band could be dissociated into two major compo- 
nents, which have been characterized as glycoprotems, with molecular we]ghts of 
about 45 000 and 90 000 (Fig. 1). 

Purification of the crude extracts by preparative polyacrylamtde-gel electrophoresis 
Attempts to purify the crude extracts by this techmque, at pI-I 8.9, revealed, 

when most of the detergent has been eliminated by extensive dmlys~s, that their solu- 
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Fig 1. Sodium dodecylsulfate-acrylamlde gel scan analysis o f  an active fractmn purified by electro- 
focusing [3] - - ,  armdoblack-stamed gel containing about  50 pg  o f  proteins, , penodate-Schlff-  
stained gel containing about  150 #g o f  proteins (The strong am~doblack stained zone at the end of  
the gel lS due to amphohnes  ) 
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Fig 2 Elutmn profile of Luthy extract after preparative polyacrylamlde-gel electrophoresls, m the 
presence of 0 3 ~o NP-40 (Qmckfit apparatus) 3-ml fractions, the inhibitory activity of the 3 serologl- 
cally active peaks (l, V and VI) was tested for HL-A2 and HL-A5 

blhty was not sufficient enough, indeed, the greatest part of the material precipitated 
in the gel A second centrifugatlon (165 000×g for 90 mln) was necessary, in order 
to remove the lnsolublhzed material, leading, at the same time, to the loss of about 
80 ~ of the antigenic activity. After preparative polyacrylamlde-gel electrophoresls 
of the remaining active material only a poor recovery of antigenic acttve molecules 
could be obtained. 

However, the addition of 0.3 ~ NP-40 to the preceding gel and buffer systems 
allowed a good recovery of highly purified active molecules after electrophoresis 
Fig. 2 represents the elutlon pattern of such an experiment and indicates the situation 
of the three serologically active peaks (I, V and VI) By analytical sodium dodecyl- 
sulfate-polyacrylamtde gel electrophoresls, it was possible to characterize in each 
of them, penodate-Schlff reagent-stained bands. Peak I contained a major periodic 
acld-Schtff reagent-stained band with a molecular weight of about 90 000, Peak V 
included several weak periodic acid-Schlff reagent-stained bands and Peak V[ 
contained 2 major periodic acld-Schlff reagent-stained bands with molecular weights 
of about 45 000 and 90 000. It was surprising that the active molecules were eluted 
in three peaks, two of them varying distinctly m their charges. This behavmur might 
be due to the presence of aggregates including various amounts of liplds, the charges 
of which can largely modify their electrophoretxc mobility. 

Purlficatton of the crude extracts by filtratton on Sepharose 6B 
Previous attempts to fractlonate the crude extracts on Sephadex G-200 

indicated that most  o f  the antigenic activity was eluted with the void vo lume o f  the 
co lumn [3] 

Gel  filtration on Sepharose 6B is visual ized m Fig. 3 U p o n  gel filtration in 
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Fig. 3. (A) Gel filtration of Lehldeux extract on Sepharose 6B (58 cm x 2.2 cm) in 0 05 M Tns-  
I-IC1 buffer (pH 7.3) 0.15 M NaCI. 1-ml fractions l - I I I  = pooled acUve fractions. ~, = test sub- 
stances used for column calibration, DB = dextran blue (void volume), T = tryptophanase (Szgrna) 
(tool. wt = 500000 and 280000), G = complete IgG (tool. wt = 160000). (B) Gel filtration of 
extract Lehldeux on Sepharose 6B (58 cm x 2 2 cm) The column had previously been equlhbrated 
with 0 05 M Tns-HC1 buffer (pl-1. 7 3)-0.15 M NaCI contalnmg 0.3 % NP-40 Elut]on by the 
same buffer. 1-ml fractmns. II = pooled active fractmn. The inhibitory actzvlty of the active 
fractions from both columns was tested for HL-A2 and HL-AS. 

the  absence  o f  d e t e r g e n t  (F ig .  3A),  the  a n t l g e m c  act ive  mo lecu l e s  were  e lu ted  m a 
large zone ,  c o v e r i n g  m o l e c u l a r  we igh ts  f r o m  a b o u t  100 000 to  several  mllhorts ,  whi le  
t he  f i l t ra t]on m the  p resence  o f  de t e rgen t  a l l owed  all  the  an t ]gemc  ac t iv i ty  to  be  reco-  
ve red  m a single p e a k  c o r r e s p o n d i n g  to  an  ave rage  m o l e c u l a r  we igh t  o f  200 0 0 0 -  

400 000 (Fig.  3B). Th ls  o b s e r v a t i o n  suggests  tha t  the  e h m i n a t l o n  o f  the  de t e rgen t  
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provokes an ~mportant reaggregatlon of the soluNhzed molecules and explains the 
partml elution of  the active molecules with the void volume of the column m the ab- 
sence of  detergent. 

Chloroform extractmn of the achve fractions eluted from Sepharose 6B m the 
presence or absence of detergent allowed hplds, phosphohplds and cholesterol 
to be characterized in all of  them. These components might be considered as "free" 
llpids, because their extraction time never exceeded 2 mm. It  should be noted that the 
llpids extracted from the three active fractmns eluted in the absence of detergent are 
the same as those present m the active fraction eluted from Sepharose 6B in the 
presence of detergent, whde the peak eluted with the void volume of thin last column 
contained cholesterol only. 

Analytical sodmm dodecylsulfate-polyacrylamlde gels of  the acttve fractmns 
eluted from Sepharose 6B, always contained several constltuants, but in all of  them 
2 major  penodate-Schiff  reagent-stained bands, with molecular weights of  about 
45 000 and 90 000, could be characterized. 

Table I summanzes the characteristics of  the 2 extracts filtered on Sepharose 
6B and Table I I  m&cates the recovery of actwe molecules with the three punficatmn 
techniques used. 

TABLE II 

COMPARISON OF THE RECOVERIES OF ACTIVE MOLECULES FOLLOWING THE 
PURIFICATION TECHNIQUES USED 

Purlficatmn techmque 0 3 ~ NP-40 Inhibitory activity of the 
purified fractions (I.U/mg 
of protein) 

Elec~rofocusmg -- 16 000 
Preparative polyacrylamlde-gel 

electrophoresls -- 2 800 
Preparatwe polyacrylamlde-gel 

electrophoresls + 15 000 
Filtration on Sepharose 6B -- 4 300 
Fdtratlon on Sepharose 6B + 7 200 

DISCUSSION 

The results reported in this paper point out that a good prehmmary purlh- 
cation of  NP-40 soluNhzed platelet antigens can be obtained by classical techniques. 
We could characterize m all our actwe fractions, after analytical sodium dodecyl- 
sulfate-polyacrylamlde-gel electrophoresls, the presence of  two major bands with 
molecular weights of  about 45 000 and 90 000 which, by their staining with the 
perlodate-Sctuff reagent, indicate the presence of  glycoprotelns. These two compo- 
nents can be compared to the "monomerlc"  and the "dlmeric" forms of antigens 
described by Schwartz et al. [1 ]. However, after reduction with 2-mercaptoethanol, 
the larger band could never be entirely eliminated, thus indicating the presence of  
other non-active proteins. 

No separation of  the different HL-A speclficmes could be obtained by any 
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one of the purification techmques described here, because the detergent/protein ratio 
used for the solubillzat~on of the active molecules was relatively low (0 8 10 -6 mole 
of NP-40 per mg of protein). We have already reported that only a higher detergent/ 
protein ratio (i> 4 10 -6  mole of NP-40 per mg of protein) allowed the separation 
of the HL-A speclfiCltles by electrofocusmg [3], and furthermore, using the redirect 
Immune precipitation method described by Schwartz et al [1 ], we could separate the 
different HL-A speclficmes, when the crude extracts were obtained by a h~gh detergent 
concentration [11 ] 

Nevertheless, we decided to use in the present study a low detergent/protein 
ratio for the preparation of the soluble crude extracts. Under these condmons the 
characterization of the active molecules, during the d~fferent purification steps, by 
the mhlbmon of lymphocytotoxlclty tests, was much easier. Also the chief object 
of the present work was to compare the recovery of antigenic active molecules using 
different techniques for the purification of detergent solubfllzed alloantlgens 
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