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20. Abstra ct ( (‘OIItiIlIII’d)

‘~iemhriwcs of onnal erythroey tea and un in It ’ct ed cells • i n cu b a t e d  w i t h
sets from monkey s w i t h  25 - S0~. parasitemia.  ~fld  net to R et w it h  t h e  monkey
a nt i - p a ra s i te  senim.
i~oe ice trtc f oc u s i n g  of membranes from paras it I zed ccl is . tevea led corn—
~ OflPfl t a , a p 1 6 . 2,4. 3,4.6, anti 6 . 7 , wh ich .i r~’ f ou n d  in the  patas it . hut
not In nonila I membranes . A dominant  group •~ I lilCuib r an e p rot ci us above
p1 h .0 . probably represent  tug spec t y in  w~t~~ re:tt lv od~i ced In paras I t I
cel ls .  Concordant r e s u l t s  were oht~ ined by t t.mp:;r I s~m of normal and
l i t fec ted met ranc~; by h i t i tmo n al  ottal fOI I IS I 1W. - IlIViSInt’ ~lt~ t I \ ~pht~ I’t ’M is  

*

u s  I ng t .thbt t ant  I serum ~~~ I n~ t nonnal n~~nt~ i v  t h rocy t i’s . ~ )~f d imens i ona l
focus Ing- dodccvl sulfate pci vttc ry tamide gel elect rophores I ~ ‘of membranes
from parasitized cells revealed three proteins , in the ~~,0G0-90,000I)molecular weight region , with isoelectric point s between p1 s~ . S and p1
3.2, wI~1 ch could n ot  he dq’ t cc ed In  nonnnl II~~Inhran o~ •~ ~~ I I t’I1 l~ i

9 , 18- • ~~“~~‘
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\ ~‘V~ I 
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1.

ANNUAL PROGRESS REPORT

1. Membrane tr ac t iona t ion

1. 1. Sub f rae tionat  ion of monkey er t ot~~te ~; r ar a s i t i z ed  b P. k n o w l eH i

Pu r i f i e d  schizont  (6 — I I .) f l u t ’ i e ’t )  and c r y  thr o t ’y e membrane s I io n  p . i r I t  -

si t ized calls have been isolated according to t e chn iques  developed In our I ab or El t t v

(Wa ll ach and Conley , 1977) , The p u r i t y  of the  f r a c ti o ns  oht a1n~ d has now been

furth .r tested by hi gh—resolut ion , high— *ip eci  u ic i t  v p r o t e i n  f r a c t i o n a t i o n  tech-

niques , as detailed in sect ion 2.

1.2. Sub f r a c ti on at t on of the In t r a c e l lu l a r  parasite

Each in tact  schizont released from infecti ’J erythrocytt’s by con t r o lled

n i t  roge n decompress Ion ( I )  is surrounded by two membranes , i t  s own 
~ 

I .I1~W ,i nwntb rant-

and the membrane of the parasitophorous vacuole .  We have’ i n i t ia t ed  cxp er lnwu t 4;

t o separate and isolate the vaeuolar membrane ’ and the  p ar a s i te ’  p lasma mcml’t  d I l l ’ .

For this , the surfaces  of i n t a c t  scit I zont a , released I ron sur face— [odinat  ed In—

125fec ted  erythrocytes ( 1),  was su r face—lab e le d  w i t h  1, ~~ t n ~ la& ’t e i i~e ’r ox tdas e —

ca ta lyzed  r ad to iod tnat ton  essent t a l l y as in  ( I ) .  The’ parasites u~ o i c ’ t he i t  dis-

rupted by n i t  roge’n deco ‘r tess ion ( ‘iO 
~~~ 

I ( ( I L  ~ ~ m lii; ‘ I n it  n

per ml NaC 1/Pt14 , 0. 13 H , 0.02 N, pH 7. ‘~) . This  p t  o e e ~t Iure ~ v i t ’  l d t ’ tI vi’s tries o i t

nat lag from both the vacuo lar , and p .11 as i t t ’s ’ S It’ I . R C ’  memb ran t ’,; ;u ; J t st uisse ’d L’v

us f o r  cc’ 1 Is of other types (,) ) ; at  t i te ’  same’ t im e ’ , n~ st o I t h e  iii i t  oc i to i tdr  i, i  and

nucle i  of ’ t he paras i tt ’  t avod I i t t  .n’ t . T u e  homoge’na te ’ was cent r I t  ug.’d at  I

ml a, resuspended In 25% of the’ or I ~‘, I ita 1 vol  uns’ anti I 11 ,1 ,it ’ ti .1 I op a ~t . ’ x t  r an t e’~

gradient as described in FIg. 1.

) ‘qu 11! br I urn u it  r a i c ’ n t  i I fu i g a  t I o t t  a t  ‘ I g i i i l i t  r e ’su I t  s i i i  s i x  t’ i .t

t l o n~ (Fi g. L A — C ) .  1) 1 these th e  low d t ’ i t s l t v  t i a t ’t ~~~~~ ~~, . . i n i ’. (F i g. l À  ç ’i

ens is t of tie tub  i t ’  p r ot e  I us (I  r at ’ t t on 1) , and sm.t i i  III.’ISII I dUe ’ VI’S It ’ i t ’  s whe ’ 1 1  :i’a

ui l id  t a r up t oil pa m s  I t  i’s , unc le I and m i t  o c t I o n d  r i , t  i’t’St O II I t a te’ a t  Iii gut ’  i ,itnts I i  I t ’ - ,

( I ’ t  SC I tons 6 t~ ) • In grad I OIl 1 ‘4 .\ . t i t ~l H ( I i  . 1 ‘I We ’ I( II5II.I ri’ i l l s  t ip I e~~1 
~~~~ 

i .1

I t o  s from tod Inst Oei cry thr 1tc~’ t i’s anti p .11  a I t  i’’; 9 111 I . t -  o I od Inst  i’d by

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - -  - —

~~~~~
S ’ - -~~~~~~~~~ --- - - - 

~~~~~~~~



125 125a second I—labeling step before disruption . About 70-75% additional I

is introduc.d into the isolated parasites a f t e r  release from su r f a c t ’— l o dt u a t t ’ d

erythrocytes (Fig. 1A,B) .  Of this a c t i v i t y ,  65 — 70% is recovered in the ’ low

densi ty f rac tions  1 — 3. These f r a c ti o n s  t h e r e f o r e , c o n ta i n  35% of the  t o t a l

125
1—radioactivtty after the second iodination In comparison to onl y 15% in

gradient A. If the isolated parasite is labeled a second t ime but. f r a c t i o n a t ed

without disruption only 13% of the 125 1—a ct iv i ty  is recovered in fractions I — I ,

and ~ tst of the ac t iv i ty  concentrates in the high density fractions at the d e n s i ty

of the parasite itself (density 1.10 — 1.12),

Preliminary comparative analyses of the protein composition of washed , T r i ton

X—lO0 solubilized membrane vesicles front fraction 2, 3 and 4 using isoelectrlc

focusirg in polyacrylamide (see section 3.2,) reveal clear  di~ ferences , wh ich  ar t ’

yet to be defined in detail.

1.3. Conclusions

Extens ion of the fractionation approach given above will allow us t o

i d e n t i f y and characterize proteins typically assoclnte’d with the par asite’ su r t ; i c ~’

membr ane and other  subcel lular  organd ies. Furth ernw~re’ , we’ sha l l  be ab le  t o

eliminate and iso late erythrocy to month rant ’ cent am i nn u t  5 01 ~‘e’s I , I 05 01 I g I n a t  i u s’,

from the vacuolar membrane by employ ing  aft t n t  tv  th’nsl ( V  p er tu r h at  ion . l i t  I lila

techni que linmunog lobu l in  aga in s t  norm a l e ’rvt h r ocv  t e mcmbr. i i ie  p i , ’t t’t us ~, t ~e’ ;t ’ r —

I ton 2. 1 . I . 3.) will be coupled t o  l at ex  heads whl  t’Ii u.’III t hen  be t e n  I ~s’ ~i a-

parasite homogenate. This wil I a l low t I S t o  so ice t I v.’ 1 ~ t O t ’ i’e.: ac  t i t i ’  de ’u , ; i t  V , ‘ t

membrane vesicles containing pro te ins  ch~ racter tat I&~ of norm;t I t’ i v  I i i  t I’~ “1 c ~ r ’’;t

branca and to m e l  ate those membranes 1w centr  I f u g . t t  ion In .t dons i t s ’  gi id I .‘tit k .‘l  .

2. P~ mbrane p r et e tn  analyses

2.1. limnunochemical techntqu~s

2.1.1. An t i s or R

2. 1 • 1. 1. I m n n i n t 7 a t  ton of__rhe’s~u ~~ tk ey  w i t h  ,j~nr  l t d  P . know 1 e’sI

I’ . knowles t schi Z e i f l I  1 , 1 ss~ in t . ’d  as I I I  ( 1 )  • wet  e restispc ’u1h ’d I n  °. ‘‘~



sucrose , 10 u~i4 HEP ES , pH 7.5 (108 parasttesfO. 2S n i t 1 , flIi%I’tt with au e’qti.t l ~‘~‘I~i& -’~

of comp I e’te Freund ’ a adjuv ant  (CFA) and lii i cc l  i’d stit’ t’tit Itti ’OIIS I y m t o  a - a  - ‘

key at m u l t i ple sites at the hack ( t o  pr event  nab ! n e c  r o t  I c  s k i n  ,1 .‘ ~~.

P~~nth  ly tn ,1 oct  ions over a per Io d  of  t it le ’ Vt ’ .! t V I t ’  it 1 .t pot c u t  I l i lmi ’ ra 1 I ‘Utt tO ~ t ’ I 0’. ~a’ - -

in the anima l (see sect ion 2. 1. 1. ) , Al I 1nuuun~-n,-h e ’iut~’,e I a n al  v Si ’S (I- i g. .‘ -e ‘1 wi  I i ’

performed using the monkey a n t i — p a r a s i t e ’ (Nc~r)  serum i l ta wi t  . i f t e ’ t the ’ ei ghth b~’~’, ’ t e ’~

I t  CFA is rep laced by incomplete Frt ’oved’ ad’s ut’an t (1 17t ) I he’ I l I d ’  o f ( l i e ’  Sc- i urn

is substantially reduced. The titer can be’ rained again when IFA is i t ’p l~~ ’ e’d t’v

CFA. This indicates that CFA is esSential for t he’ t noietnt ;,a1 ton scheme e m p i o v e ’d.

2. 1.1.2 . Conc 1uston~

Our current it~uunizat iøn scheme’ using pur 11 ted tat i at - (’l L u  l a m  I’ .

knowlesl parasites in CFA allows us to product’ .i h i  gli t t i c ’  t i’d ant  I Sc’!  LaI I  I i i  I La-

n at  ural host of this paras ito. The se’rum St r ongiv  a~~ t n t  ( n at  c’s is, ’ 1 , 1 1  e ’~t ~‘~~~j - - ‘. i- .

and infec ted cry throcyte’s (SICA) an~l is , i l  Si ’ s t it  t .ii~ It’ t o m  I iiununochs ’mi ~ .1 .O1;1 1 ~~~~~~~~~

2. 1. 1. 3. ~~~~~~~~ a_t~~j~~,e a z e,~~ a t  r m t i — uik e t h i o i ’ t v memb i -t a t ’S  ~t-~\~~ ’L

Rabb i t s  are I n i t i a l l y i nb e ’e t e d  s . c.  w i t h  0. ’ u~ ot  NMEM In  t ’FA ( v / v

1 / 1 ; 1 ml t o t  .ti vol ume ) . The an! ma ls a t o  I hen boost t ’t e d  w I t h  I mg 01 nc ’Il1~’ I ~t i t t

protein mixed with CVA liv m u l t i p le  s. c. i n j e c t  tons at  m o n t h ly  t n t  t a  v . i l  a . At  I t ’

two boosters an ant (serum so I t abie’ t o t  tm mt tu ~’~’ht ’m I t ~dl  dIt . I  I V S c ’8 (S e e ’ I t  ~‘ . 
‘ w a .

obtained. Sc r,t arc always drawn ten day a .1 i t  or the ’ t’oos I t ’  r

2 . 1. 1.4  .

All . t nt  isera are pu’ t ’c es:;t’d s te ’r t  l i v  and ~~t .’ t c ’d 111 - ?O’~ ’ iii

al iqt iots.

?.i.2. Methods

Ct  t ’ased Immun e el t’~~( roj~~~ re ’t; ~~ (C i l l  . We’ its .’ the’ gu id e  I t  ~t t - ~~ In

and cast 1% agat os~ c o n ta i n i n g  1% Ti’ (ten X—100 out e x SO mm g 1 .1;; s p t . *t  Os t o

prti~j uc ’e’ l :t v i’ rf t  I .  S mm t h f e k .  The h u f ( i ’ i’ It ; 0, 018 H ‘I’ t I s f O . I H g l v o  t o ’ , p L

8. 7’ T r I t o n  ~ - ‘l1’l0 aø lub i i i  rod  membran e ’ pr ot . .’ in ( 1 “0 t ’g 1 i t ;  ele’c C i’~~ph~’te - t t c- ;

sep a r a t e d (~~r 60 minu te s  w i t  ti a v o l t  age of 10 V ‘i -ni 0?  s t ’p.t t  .11 I i ’~ d i si 

- 
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6.

The 1 cm agarose strip containing the separated proteins is lef t  on the plate

and the agarose remaining on the p late 18 then replaced by agarose containing

0.04 ml ant iserum /ml and 1X Tr i ton  X— 100. Using 7V/4 cm (monitored on the ’

agarose p l a t e ) ,  we e lectrop ho rese the preseparated me mbrane p ro te ins  at

righ t angle. to the f i r s t  d imension into the an t ibody—conta in ing  agarose.

The electrophoreels is done at pH 8.7 to prevent electrophoret ic  mi gr at ion

of antibodies. The washed , dry plates are s ta ined with Coomassle blue as

described in re f .  4.

Crossed—line inunune electrophoresis (CLIE) In this form of CIE designed

to determine cross—react .Ivi t ics , an agarose s t r ip  conta in ing  the prote in(s)  in

question is cast be tween the s t r ip  bearing the elect r ophoret ical ly  separated

membrane proteins and the ant ibody—containing agarose . Cross—react iv i ty  in

indicated when the origins of the immunoprecip it at i o n  arcs are anodally

disp laced a f t e r  electrophoresis in the second dimension . (3) .

2.1.3. R e s ult s

The immune precip i t a t i o n  pa t t e rn  of isolated P. knowlesi schizonts and

membrane p u r i f i e d  from infected erythrocytes  electrop ho resed against monkey

an t i— p a r a s i t e  serum is shown in Fi gs. 2 and 3 A , B , respectively.

As shown i n Fig. 2, infected membranes reveal seven , In part complex

pre c i p i t a t i o n  arcs , numbered I — 7 according to electrop hor e ti c  m o b i l i t y  in

the f i r s t  dimension. Of these ant igens only weakly reac t ing  components 1 aia~ ~

and th e st r onE co mponen t 7 are also found in the pa ras i t e  used as antigen for H

inmiu n iza t ion  (Fig. 3 A, B).

The i d e n t i t y  of compon ents 1, 3 and 7 in paras i tes  and i n f ec t ed  mom—

branes is documented by CLIE , as shown In Fig. 4 B. P rec ip i ta te  7 (7 1; f r o r n

infec ted  membrane) ia anoda l ly  displaced and continues into the preci pitation

l int .  7p of the paras i te  material polymerized into the intermediate strip (1)

(see Fig. 4 A for comparison). Similarly, precip itates ii and 31 ori ginate

from precipitation lines ip and 3p (not marked), respectivel y. There is to

- =-.
~~~~~~~~~~~~~~

- -
~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ______



7.

immunological cross—reactivi ty between any protein In membranes f rom norma l

monkey erythrocyt es and an t i gens 1 — 7 of i n f ec t ed  membranes (Fi g. ‘t AL Those ’

data are f u r t h e r supported by the absence of innnun e ’ p r e c i p i t a t e ’ s in CIE when me ’m—

brane proteins from norma l e r y t h ro c yt e s  are e l e ct r o p hot’escd ag~e i n s t  monke”,’ ti n t  i —

parasite sertun (data not shown).

2.1.4. Discussion

The different relative concentrations of components I and 7 in mt ’mbr .me ’s

of infected cells and parasites argue against simple contamination of the former

(ratio of the heights of precipitate 1:7 Is about ten times hi gher in “ in f e c t e d

membranes” than in the parasite). Rather the results suggest that the  i nt r a c e l l u lar

pa ras i te  and the membrane of paras i t ized  er y th r o cy t e s  have a n t i g e n s  In common. E qua l-

ly or more in t r igu ing  is the f inding tha t the “ In f e c t e d  membranes ” reveal a g reate r  r
n tmiber of pa ras i t e—spec i f i c  an t i gens than the  pa ra s i t e  used fo r  l t tm- iuni z at  ion .*

We interpr .. ’t our inununochemical r e su l ts  ,ts fol lows :

Successful intraerythrocytic maturation demands protein t i tn e t i o t i s  of

the host—cell membrane —— the primary e x t ra c e l lu l ar / in t r a ce l l u lar  b o u n d a ry  —— th a t
the normal erythrocyte membrane does not possess (e .g .  t r a n s p o r t  c a r r i e r s ) .  The

required proteins  are synthesized by the paras i te  and i n se r t ed  I n t o  the ’ h o s t — c o i l

membrane. Then they are detected as SICA an t i gens , by Immuno e lc ’c tr o n m i cr o s c op v  (~“~
or by our i~~~ no log t ~-al methods as I inmune p i’ec I p 1 t a l es .  Th,e t t lit -v arc not  dot t’~~’ t

in the parasi tes  may si gn i fy  th at  they are not  r o t a  m o d  In su f f  t o icat  amo un t ~

the r e t o produce immu ne precip i t a t es  v i s i b l e  u s i n g  our p r e sen t  me thods . it  is

also possible that  the ant igens are sh ielded  in the p ar a s it e ’  and b ’~’oa ’  e ’xj ’re sse’ d

when bound to the hos t—cel l  membrane or when i nj e c t e d  for  i m n iu nt r a t  ion.

These I nununochemlca l re stil  ta are  li t  p r t ’p ;t l a t  ion  f or  Cub I i e ’a t ion (S~ I t u  ~;t  -

Because p aras  ito p reparat ions  f rom f o u r  d i f f e r e n t  monkeys w i t h  di f i t ’  r en t  Li looci
groups have been used for  inmiun [r a t  ion I he’ i’~~ss lb i i i t y of an t  I b~ die~ a ~ .t Inst
I r a ce  c an t , in t i n . t n t  s in norma l e r y t l i r oc y t e ’ s is h ig h l y  u n l i k e ’  ly . ‘I’hla is furth e ’t
supported by da ta  described in s e c t ion  2 .3. 2.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - - . -~~~~~~~~~~~ - ~~~~—- --~~~~~~~—-~~~~



Ulirich and Wallach).

2.2. Isoelectric focusing (IEF)

ThIs hi gb—re solution techn i que’ t,,aa ~r”at va l ue b y i t  ~e -l I h u t  proves

moa t useful in bidimensional approaches, I. e. Isoelectric focusing linked to do d e ov i

su lfa te  polyacrylamide gel electrophoresis and immune elect rophore s ls , r e sp e ct i ve - l v

(see section 2.3.). We have applied focusing approaches to better define’ the imznun,j—

che mical phenomena already described.

Pig. 5 shows the standard protein pattern obtained when Triton X—l00

soluhilized membrane proteins from normal and parasitize- i erythrocytes and p ro t e in s

of isolated parasite are fractionated by isoelectric focusing. In all c.~s,’s 10() —

200 ~ig of protein are focused in 4’~ polyacrvlaniide containing ~~~~ atnpho1~’tes (Ampho—

line pH 3.5 — 10.0), 8 M urea and 12 Triton X—l OO as described by us ( 6 ) .  Major

differences are noted when normal and “infected” membranes on the one hand and “in-

fected” membrane and parasite on the other are compared. Membranes front infected

cells show new components at p1 4.2, 4.3, 4.6 and 4.7 which are not f o u n d  In norma l

membranes but do occur in the parasite. On the o ther  hand , some major components

of normal membranes, with pis above pH 6.5 are almost deleted in “In fec ted ” memhr at i t ’~z ;

tla’y probably represent spectrin .

2.3. Bidltnensiona l techniques

2.3.1. Btdimenslonal isoelectr ic_ f o c u s t n g — dodecvl se, 1f te,j~~~~’~~’r\- I atf l leIe ’

g~~~ 
elec trophoresis (IF F— D S— P ACF ) .

Isoelectr ic focusing is in cy l i n d ri ca l  p o l v a c r y lantide ’ gels  (óS nun

x 3 mm; ~~‘ 350 ~ig of protein per gel; composition as in sec t ion  ‘~. 2 .)  w i t h  a p11

3,5 — 10 gradient. The catholytes and anolytes are 0.03 M NaOH and 0.05 H 112 S0, ,

resp.~cr1vely. For SDS—PACE In the second d imension , we use gel slabs (75 x 75 x 1~ ,‘S

mm). Prior to the second—d imension step, the slabs are pre—el,ectrophoresed with 0.04

M Trie/0.02 M acetate/2 mM EDTA/12 DS (wt/vol), pH 7.4 for 15 mm at 25 mA per slab.

At th~ same time , the focusing gels are equilibrated with DS/electrophoreais b u f f e r

(32 S~ S and 0.12 M dithiothreitol), 10 ml of b u f f e r  per gel and b u f f e r  changed t ’ \ ’ O r”

-~~~~~~~~~~~~~~~~~~~ - -

_____________ - 

__
~~~~~ ~~~~~~~~~~~~~~~~ ~~~_ —
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10 mm for SO mm . These washes introduce the detergent and reducing agent r e q u I r e  I

for the second—dimension separation and also eliminate the focusing pH gradient. The

focusing gel is then poSItioned on top of the pre—electrophoresed gel slab and

electrophoresis is for 16 hr at 8 mA per’ slab as described in ref. 6.

IEP—SDS—PAGE of membrane proteins from normal and parasitized erythro—

cy tea and purified parasites (Fig. 6, A—C) reveals at least 59 individual protein

spots for each of the three fractions analyzed. There are no components common

to normal erythrocyte membranes and pur i f ied pa ras i tes excluding contamination of

parasite by host erythrocyte membrane. The data indicate that the - surface membrane

of parasitized monkey erythrocytes undergoes substantial modifications. Several major

membrane components, 1. e. spectrin and parts of the “band 3” complex, as well as

some smaller molecular weight components , are deleted or significantly diminished

(Fig. 6 D). The membranes from infected cells also contain some small amounts of par a—

øite protein , but the different proportions of these components in the parasite and the

membranes of infected cells Indicate  mechanisms other than simple contamination .

Proteins qual i ta t ive ly conr’~ ”t to parasite and membranes of parasitized cells are

depicted in Fi g. 6 E. A th i rd  group of alterations in the membrane of the para-

sitized er -ythrocyte are discrete inod i f i cit ion  of some proteins in terms of electric

poi nts or molecula r wei ghts .  These m i n or  modifica t ions  of the proteins are ma rked

by arrows In Fig. 6 6.

2.3.2. Bidimensional isoeleetric focusing—immune electrophoresis (IEP—IE)

The procedure is as described in (6) . IsoelectrIc focusing is in gel

slabs (42 acrylam ide, crosslinked with 2.5% bisacrylamide) containing 2% anipholytes

(pH 3.5 — 10) , 814 urea, 1% Triton X—lOO , and 107. sucrose. The catholyte is I

14’ NaOH and the anolyte 114 143P04. We apply about 200 pg of protein per lane.

After focusing the 10 x 90 isis po].yacrylamide sec tion containing the focused

proteins is sliced into two 5 x 90 mm stri,s. One of these is washed three times

(10 mth each) in 20 ml of 0.038 M Tris/O.l N glycine, pIl 8.7/1% Triton X—l0O

and then irr&munoeiectrophoresed. The other strip is stained as described in (~ ) .

_________
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For the second dimension immune e lec t rophoresi s , we cast  80 x 80 mm immunop la t e s

in two sections : (1) a cathodal 30 x 80 x 1.5 iun .iga~ os~ ~~~t r i p  ( 1%) w i t h o u t  an t  ibod y

and ( i i )  a 50 x 80 x 1.5 mst area cont  t i m i n g  ‘
~~~~~ p1 o~ r abb  I t  a n t  I s i r  un’ . B u t t  c r ’s

and other conditions are as described in (6~i .

Membran e comp onents  of norma l monkey t’rvthrocvtes a re  I d e n t i f i e d , us ing

rabbi t  an t i— N ~~ M serum , in membranes f rom norma l and p a r a s i t i z e d  ce lls  and pur i~ ~~~t

parasite (as a measure for  a possib le  c o n t a m i n a t i o n  b y ho st  c e l l  membrane ) .  Ana1~’—

sea of norma l and in fec ted  membrane and p u r i f i e d  p a r a s i t e  are shown in  Fig.  7 A— c,.

Normal erythrocyte membranes (Fig. 7A) reveal three complex immune p r e c i p i t a t e s ,

component 1 at p1 6.0, component 2 and 3 at p1 5.8 and p1 5.5, r e s p e c t i v e l y .  Us-

ing the same amount of antigen (as determined by total amount of protein) comp on ent s

2 and 3 are reduced to about half the concentration in membranes of infected cells

and component 3 to more than t w o — f o l d .  Component  I , poss ib ly  sp e ’ct r in , is de l e t ed

(F Ig. 7B) . As documented in Fi g. 7C , not  more than 5Z of e r v t h ro c y t e  membrase ’

components 2 and 3 (focusing at lower p1’s) are  p resen t  in the  p ar a s i t e  p r e p a r a t i o n .

This iiidicates that less than 5~. of the parasite protein c on s t i tu t e s  erythrocvte

membrane m a t e r i a l .

Bid imensional  I soe l ec t r f c  focus ing—im m une  e l e c t  rop i ror e s  is rs ; i n g  our  rno ,ikt ’v

serum has not y ielded any Immun e ’ prt ’~’ ip I t a t  es eve n t h o u gh the se ’ a r e  ye rv st r’ou~ in

simple crossed Immune e lect rop horesis .  This appears t o  he due t o  t races of u r e a

remaining a f t e r  isoelectric  focus ing .

2 .3 .3 .  Conclusions

Comparative analyses of membrane p r o te i n s  f r o m  norma l and parastti~ ed

ery th rocyt es  and p u r i f i e d  par asi te  In d i c a t e  t h a t  t h e re  is only m in i m a l cro ss— c e er ~—

taminatton when infected cells are subfractionatcd. Nevertheless , employing these

hi gh r e so l u t i o n  t e c h n i ques even m i n o r  c o n t am i n a n t s  have to he e l i m i na t e d  us ing

methods  ou t l i ne d  In section 1.3.

‘—‘--—I~~~
.—-— —4.
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3. Protease t r ea tmen t  of norma l monkey e r yt h r oc y t es

Protease t r e a tm e n t  ( T P C K — t r y p s in  or p ron ase )  has proven ve ry  u s e f u l  to  e x p ~~sr e

the structure of membrane proteins in t - r y t l r r o c \ ’t e s  (7 , 8) and 1 ’mp~r o L -~~t es  ( 9 ) .

In order  to find optima l conditions for ~‘rotease cleavage of infected c e l l s ,

norma l monkey e ry th rocy t es  are exposei to T P C K — t r y p s i n  (0.2 mg/mi) and pronase

(0.05 mg/mi ) at 37° C for  3 hr and 90 mm , respectively. Using intact washed erv—

throcytes  pronase selectively cleaves band 3, (mol . wt. ~.95,000 D), presumed

the equivalent of band 3 of human ery th rocy tes , the major  i n t r i n s i c  me mbrane pro-

tein, into a 60,000 and 35,000D polypeptide fragment (P1 and P2 in Fig. 8).

Trypsin treatmen t yields less homogeneous polypeptide s with mel. wts. “-65 ,0000.

50,000D and “- 40,0000. The cleavage of band 3 by t ryps in  is incomp le te .  S p e ct r i n

is not degraded by either enzyme.

Because band 3 has transport functions in human erythrocvtes , ~~t will be import-

ant to analyze whether modifications of band 3 in memb ranes from parasitized mon-

key erythrocytes accoun t for altered transport characteristics described (10).

This may adequate ly be exp lacne1i by selective proteolvtic cleavage of band 3.

-

~

- - - —~~~~~ -—~~~---~~- ~-~~~- . --~~ _ _
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Fi~ure 2: Crossed immune electrophoresis of purified membranes from monkey

erythrocytes infected with P. knowiesi. Membrane proteins (150 pg;

solubilized in 1% Triton x—100) were first separated electrophoret- i—

cally in agarose/Triton and then electrophoresed at right angles

into agarose containing monkey anti—parasite serum (0.12 ml! 1 ml of

agarose). Immune precipitates are numbered from 1 to 7 according

to electrophoretic mobilit:y in the first dimension. Coomassie blue

atatning.
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Figure 3: Crossed immune electrophoresis of purified P. knowlesi achl,zonts.

Triton—soleeb ilized parasites (150 ~ig protein, plate A and 75 ~ig

protein , plate B) were separated electrophoretically in the first

dimension and electrophoresed into agarose at right angles containing

monkey anti—parasite serum (0.12 mi/i ml agarose, plate A; 0.18 mi/I ml.

agarose , plate 3). Other as in Figure 2.
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Figure 4: Crossed line immune electrophoresis of membranes pur i f ied  from

monkey erythrocytes injected with P. knowlesl (as in Fig. 1)

but using an intermediate s t r ip ,  I , containing normal erythro—

cyte membrane proteins (400 pg; plate A) and parasite (400 t ig;

plate B). Rest as in Figure 1.
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~~~~re 6: Bidimensional isoelectric focusing — dodecy]. sulfate polyacry lainide

gel electrophoresis (IEF—DS—PAGE ) of

A. membranes of normal monkey erythrocytes

B. membranes of erythrocytes parasitized by P. knowiesi.

C. purified parasites.

The abscissa and the ordinate give the pH gradient and the molecular

weights, re8pectiveiy . 350—400 ~‘g protein, solubilized in 1% Triton

X—100, was focused in 4% acry larn ide—bisacry lamide , containing 2% am—

pholytes (Ampholine 3.5—10.0), 8?-! urea , 1% Triton X—]OO . Prior to DS—

PACE the focused proteins are equilibrated with DS and dithiothreitol

in the gel and positioned atop the acryla inide gradient gel (4—30%,

Pharmacia, Sweden) for DS—PACE in the second dimension. Cootnassie blue

protein stain ing.

D. Depiction of proteins in monkey erythrocyte membranes deleted or

diminished in membranes of parasitized cells.

B. Protein components common to membranes of parasitized and the

purified parasite.

Proteins unique to membranes of parasitized cells are marked with

an arrow in B.

I.
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~~ g,ure 8: Protease treatment ot normal monkey erythrocytes. Analysis of

membrane proteins by DS—PAGE. Proteins are conventionally labeled

as components 1—6 and Hb (hemoglobin). Washed intact ervthroeytes

were incubated with TPCK—trypsun 0.2 mg/mi , b r  3 hr at 370 ;

broken line) or with pronase 0.05 mg/mI , for 90 mm at 37~
’c;

dotted line). Cleavage products of trypsin ~1rt’ designated as Tl—T3

and of pronase as P1 and P2. The abscissa gives the molecular

weights, the ordinate the absorhance for Coomassie brilliant blue r
at 620 nm.
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