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Red .~ r Istilion IC,lCth~ll O( qu, i t¢l  Ill/ ' :d pO ) ' 4  '~, 1~ li'~+X I'ldilV: pol)+tali~l~; .~uhl their  ~.'o(;lllg;It¢'~ ~illl x.ch~ l lotl '}p' ,  II b,v oppositely ch,tr+qcd latex p;irti. 
,.Ic~ L', dl+.cl-~cd The p,,I),:;Ltloll', ar~" .,Irongl~ ad~,,tbcd on the I.ttcx ~ur(.icc Ncv¢l'thclcv~, 'Aicy ;ire able Io iI:igl"at¢ ['~ct',','eelt the latex si~ccies via 
,),.'~.a'il¢~ll,d Ultcrpatli~:]e C++,III~I,,,+I'; [It IlK' C;l',,.r o f  ;I tlpnloi!t'llC~iw,, I.IIcX sll,,.'h illtCl'¢h;tll~.;~ resul ts  ill tlllil'+,)rlll diSll'ibatitm of pol)~.'alioll~, b)' htt¢+~ pdr t i .  
Cl~r~, "l'tl¢ di'driblltl,>rl th';i,,ti,,:;dly ch;inb, e'+, ',s hell .'t.ch,~,nlotr}l,,;ill-i~ol.'+~:+ltiol~ ¢Ol+l.Bl,+.,~;ll¢,~ inter; let  ~,,it h a flli~tllrc e l  + t',VO latexes: o n e  chenl ica l ly  nlo¢li. 
lied t',) bt,vlnc +,ClU01 ;llbulllill altd the ,,Ihcr ¢,lle by si~-cllic i~rc, leill illhibit~r el + x.ch)lnotryl'~,+hl. Ill this case tile intcl'cll;tngin/,~ i'~olycatiOllS ure 
liDall~ Iixed oil the latex I~al'ticlc'-+ ,..';u'rylng file t:¢lltl'e-i ol',q~ccilic bmdillg of thecn/ymc vector, i.¢. rcco~!nil¢ Illelll ill tile lalcx inixttlre. The ol'Hailtcd 
I'c.++llll ~ ;1,'¢ ¢(qlsi+.lcl'ctl h+ |llil+lliC I'dt+~si+,:O.t:llClltl¢;tl illtcri |¢th+ll ;in(| i'¢'.!O+HUtioll tll+ I+ll'g¢| sUl~l'nlol¢clll;ir I+io.obj~'cl., by I;u'+de Init~'tOlllulccules cilrl'yill]tt 

rcl.itivcly slllUll IllOl¢¢hl;ir ~¢¢Io1"i. 

I.atcx; Ihd~eiCCtl'~qyl¢ ;tdsotblion; Macrol~lL,lecul.u' illtcrchallltC; Ihh~ymc.pol~c;ition conjugulc; I+,ccognitioll [qlcnon~c'llon 

1. I NTI(OI)LK"FION 

T h e  mcchatf i : ; tn  a n d  the  d r i v i n g  fo rce  o f  rccog~t i t ion  
o f  a s u p c r l n O l c c t t l a r  o b j e c t  ( such  as a cell  or  a cell  
o r g a n e l l e ,  o r  a v i rus ,  e t c . )  by a l a rge  macrOl~lOlccule  
c a r r y i n g  a r e l a t i v e l y  s m a l l  molecul~w r e e l e r  is o f  a /g rea t  
b i o l o g i c a l  iml~Oi ' tancc,  In  this  p a p e r  t i le  p h y s i c o -  
c h e m i c a l  a s p e c t  o f  th i s  m e c h a n i s m  was  S tud ied  u s i n g  
the  s t t spens ion  o f  c a r b o x y l a t e d  a n d  I '~ l 'o te in -modi f ied  
l a t e x  p a r t i c l e s  as  a c e l l - l u i m e t i c  s y s t e m ,  i n t e r a c t i n g  w i th  
t he  high m o l e c u l a r  m a s s  l i nea r  p o l y e a t i o n s  c o n j u g a t e d  
w i t h  the s p e c i f i c  p r o t e i I L  

2. M A T E R I A L S  A N D  M E T H O D S  

The Drep:u'ation und ch;u'acterization of tile CPS-latex IlaVe been 
described previously [I ,2], "l'he PCEMA-Iatex was obtained by emul. 
sion polymerization of chloroethylacrylate by analogy with the pro- 
cedure described ill [1], The size of tile latex particles was measured 
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by qua.,i.elastic ht~er light scatterhlt~ technique usfllg Autosiser 2C 
(Malvern, UK). The both latexes ~vere found practic:llly inunodisperse 
'.~'ilh a p;u'ti¢Ic diameter of (t,5 l.l'~ fc, r CPS-IaIex, and 0.16 t~sr~ for 
P(.?EM:'~-huc:,;, lISA, TIS, C'i' sverc obtained from Sii,~Ina (USA), 
I[TNPI! fronl BDH (UK), 

The Sllrfacc of PC'E.MA-Ialcx was iaodificd wilh lISA or with "rlS 
v!;t ;.tnliDa[hH1 by protein amillo gl'~.~ups axing tile t'ol[owing pro- 
~'edurc. 0,5 ml of BSA aqucovs solution, concentration 0,4 g/ml, or 
(}.5 ml ,af TIS aqueous sqlution, coucclUnitlon 0,45 g/ml were added 
to 9,5 ,ul of latex suspcusio,a (c~ 1,2% dry weight) in 0,01 M borate 
barfer, p l l  8.5. The mixtures were itlcubutcd at 2(1"C for 10 h zmd 
tilth the latexes v,'ith the ¢ovalcntly I)otmd pi'otcins were separated 
from the free proteins by ccntrit'ugation, resuspcndcd in 1O rnl of 0.01 
F,'I borate huffer, pH 8.5, and washed for 0.5 h. The procedure was 
repealed t imil  ti le ;.IbsetlcC o f  t i le IH'Oteins ill sohltions over the 
sedilncnts ss,:ls achieved, colttrolled by a fluoresceuce method a c t o r  
diag to [3]. 

The fluorescence methocl was also used to estimate the degree of 
covering of tile latex surface by eovalently bound protein molecular, 
¢g. Tile prolein modi fled latex was tre;lted by nlorcaptoethanol and o- 
phtalic aldehyde to produce rite fluorescent tags on tile attached pro- 
rein globules. Then its fluorescence was measured, Tile number of 
protein molecules per one latex species was calculated using the 
calibratio,~ curve obtained for the corresponding tagged protein in 
aqueous Solution. Tile c~ values were roughly estimated in assumption 
that the protein molecule occupies tire area S = d z, where d is tile 
largest axis of the protein globule. They were found to be 0.7-0.8 and 
0.9-1.0 for BSA- and TtSd~odified latex, respectively. 

The preparation of  poly-4-vinylpyridine and its modification with 
ethylbromide and bromoacetic acid to prepare the polyeationic 
eopolymers have been described in [4] and [5], resl~eetively. In this 
work tlae following copolymers were used: PEVP. P~, = 1000 and 
PEAVP, P, = 1000. CT-PEAVP conjugate (one CT molecule per 
one PEAVP chain) was prepared in a hydrated reversed micelle 
system by the method described in [6]. 

Water was double-distilled atad additionally purified using Miili-Q 
system (Millipore, USA). 

The EPM of the latex particles was measured using a laser 
microelectrophoresis technique, Zetasizer 2C (Malvern, UK). 
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I t ' owopb  ( ' / ] ,  t i t , :  ,l~'ti~tl~ cff (. '1 ~s.~ dc tc r l t ) i ncd  ,t~il~)! I t l ' N l ' l  ;~: ,t 
~l~¢Cili~: mb~li'alc t)[ t'l, [Lh~" i';tlc Of ¢l'nt)lll, ltll.' h)d)Ol~,~;~ ()t' the' 
~,tm, lh t t , :  \*6p. m , : i m l l c d  ,~pc~' ln) l)hoI.nwlt i~,~t[  b ;u ,x. ,Its) tub 
( l l i u t d t i  b )  I,g) ~o, ] ; l lMn l ,  

3, RI~:;L:;,T:; A ; ; I )  DI,N('i.~NSI()N 

Adso rp t i on  e l  the i)t)lyc;tlions o t t (  '[),N-l;tlCX particles 
and the i~)v, il)ility o f  a polycat ion migr:~tiolt il| tile latex 
syslcnls were studied using [:tscr mict't~¢lcclrol~horcsis 
tcchtaiClUC. The  atlditiot~ o f  i)EVI -) so lu t ion  in the latex 
part ic les  ,'~usl')¢nsion rvstllts in ~t dras t ic  ch~ut,~ie of  I{I'NI 
n f t h c  latex species (Fig. 1). 1l is also seen that the l')t')illlS 
COl'tCSl')Olldillg to tile latex ¢ot~centrati tms. which var ied 
ill tht: t',~tllge o f  IIlC)I'C thali two Ol'del'S o f  mligllittldc, arc  
lyi l lg (311 t i le Sitlll¢ Ctll"¢e, It IllU;.tll~.; tllitt the  ,~fl 'eclivv 
binding constat l t  o f  the polyc;.ttions el: the Ol')PO.'dlcly 
ch;.u'sed littcx sttt'f~tce is so ]li/,,,h. tha t  pi'actically all 
po lyca t ions  tire bOtllld ill tile sltttlit:(.I ¢ol t¢c , t ra t io l l  
rallge. 

h~ order to clari fy whether strongly adsorbed PEVI)  
chains can misr: l te  f rom o~te late;~ species to a l lo ther  of  
not ,  the  fol lowing e×perintcnts were car r ied  out .  P E V P  
was added  to the original  latex wi th  E P M  = - 4 . 1  
(l ira/s) ( V / c m )  (Fi/~, 2a t ,  As a result,  E P M  o f  the kttcx 
par t ic les  was changed  tip to 1,25 ( ~ m / s / ( V / c m )  due  to 
ad s o rp t i on  o f  the polycat ions  (Fig,  2b), Then  the 
polycatiol~ loaded latex was mixed  with the same 
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Fig. 1, The  dependence of EPM of the CPS-Iatex particles, v. on 
O = [surface-COOH]/[PEVP r~peating units], molar ratio. The latex 
concen t ra t ion( l ' i ) :  1.8 x 10t2(e); 1.8 x 10 tt (0);9.0 x 109 (,",). 

Borate buffer 10 -~ M; pH 9.18; 20°C. 

amUut~t el titc ori,~;in;d litlc~,. Afict '  m ixh~ 3 tyl)c~ of 
~:ocxt,dhl,~.1 .,l~c~.'ic,~ dmra~.'tcri,,cd b y  dil*l*¢l'clll I :PM 
v:du¢,, v, crc @)',cncd (M,v, 2,~), t! l)Nl valuc~ of  ;v,o of  
them v, cre do',c to thow [()1' ['.Ire attd i ' l . !Vl '  loaded 
latex ~pcdc,;, The third ()tic ~L~ cll;tv;=clc,'itcd I~y an i=~- 
l c l ' l l t c d i i l l e  V~lllle i,)[' I ! l )h l ,  (h'; Iduit l [y, the I~¢aks ¢t~l'- 
rcspomli~lt: io the in i lb l  ¢01111)'"11¢!1[s Vct?l'c dc¢l'cils~,'tl 
while the in tmncdht tc  peak seas incrc~scd, l':illally, the 
peaks ~'¢]atcd to the oriBinid nl~ccics disappeared, so thai 
only eric peak t'cnmincd ~sith [ ! I )M ........ 1,6 
( lml /s) / (V/ 'cnl)  (F'i!', 2d), F h c  mean tyd 'o t ly  I~ttl ¢ 
di~llll¢lcr of  ];LlcX p0,1'ticlcn r¢lll;lins cqtml to the ini t ia l  
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Fig. 2. Changillg of EPM of the CPS-latex particles, v, after addition 
of the PEVP aqueous solution; (at original latex, (b) latex + PEVP 
(in equilibrium); (c,d) latex with adsorbed PEVP + original latex, 7 
rain (c) and 40 rain (d) after mixing. Latex concentration 9 × 109 I - t, 
[PEVP repeating units] = 1.5 x 10 -1 mol/l;10oratebuffer 10-3M, 

pH 91)~; 20°C, 
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one, lhal corrc,q~mtd~ h~ Lhc itltiforut di~It'ihuthm of 
the i~t~ly~.'athm,~ mmm,~ the imlivldttal latex particles. 
'I"iti,, 1'c,mlt ,dmuld bc von.ddcrcd a~ Immf ~i' t'~di~tribtt. 
l ion of the clccl1'O',t:~tk'ally a¢l~orbo~i polycatiotv, 
al~lon,g lhc cell tnhnctic species, i,c. the imssihilhy of 
their trti~I'alittF, fi'otll oiI¢ ,q~ccJ¢'~ to ;.Ulolh¢i'. 

'[hc COlltdcl l|l¢¢ll~.illiqlt of Jllt¢l'¢hittlt,~ s¢:¢IIi,, I¢) b,¢ 
more likely tl1:ut {11c dissociation m¢chani,m',, If ,me 
takes il'~lO accOtlllt tilt: ¢,xtrctrlcly low value t:ff a disso,~ia. 
tion c<mstatlt of i"[!V['-h, tleX cC.;llplcx, Actually, the 
equilibration time estimated in a'isutnptiOtl that inter. 
¢ltal~c proceeds via collision', of  PI:,VP leaded latex 
parti,.'lcs was ft)und to bc in reasutlabl,. ;.i.gfecfaCllt wit h 
the CXl~Cl'itncnt,d data, in the cast: of i:)l~VP.httcx 
dissociation m¢chatlistll, lilt: calculated tillle should bc 
tlltlch higher |hart that CXl~t2ritncntally dctcrtuillcd, 

in order to mimic the tm'gt:t ceils0 wc us~2d PC'EMA- 
latox pau'liclcs carrying T IS covaleatly bounded to Iht:ir 
stlrfacc ('['IS.latex), The satlle PCF, MA-hlte.x i~al'liclcs, 
but tilodificd by lISA (l]S.,:,-latex), were used to nlitllic 
other non-target cells, The CT-PEAVP conjugate wds 
used as an vt:ctor-polyt:lectrolytc conjugate. TIS is a 
specific inhibitor of  C'F. Therefore, the TIS /CT pair 
can be considered :Is a mimicker ot' a receptor/vector 
cotnbitmtion. 

The fact that complete binding of CT-PEAVP on the 
surface of both BSA- and TIS-latexes had occurred was 
demonstrated in the same way as was described above 
for  the case of PEVP/CPS.Iatex system. The depend- 
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Fig, 3. The dependence of EPM of BSA-latex (1) and TIS-latex (2) 
particles, v, on CT-PEAVP conjugate concentration, The latex con- 
centration(1 -t): S × 101* (~,); 1.5 × 1012(o); 1.5 X 1013(.). Borate 
buffer 10-3M; pH 9.0; 20°C. N is a ratio of conjugate molecule 

amount to latex particle amount in the system, 

¢n¢c~ of I;',PM oI" polyc~11iouq;tle,,~ colnl~h:xc~ on the 
ratio of the number nf added ¢, "Iolq~AVP chaitls lo the 
ItLIIIII'R21' Of the I;~tCX ",p¢ci¢'~ for Vill'JOll~ latc,~ COll¢¢lllfil. 
lions arc ,drew1| in Fig, 3, 

I t  is evident that rccognititm of  the tar.get Sl~ccics I~y 
the crmjugatc ~holtld result ill inhibhion of the cnzynl¢, 
"l'hcrcfor¢, this process can I~c followed Siltll~ly lay 
IltCaSqt'itlg Of kinetics of cleavage of  lilt specific C'I' 
substrat¢ (PTNt'E) added to the tnimelic syst¢:m, 

I 
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I 

Fig, 4. The scheme of recognition of target species by macromolecules 
carrying molecular vectors, 
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T'he rcco!, l l i l iot l  Iesl wa,. earl'iCd o1.11 a,~ I,f lh]~',, F'ir',l.. 
ly, ¢ 'T-I~I: !AVi ' ¢(.)njLItG.II~; ( ' l .S  X 10 .... ,M ; I q l l ¢o i l s  ~,OItl., 
l ion in I 0  ~ NI bm'a~t~: Imf fer ,  p l l  9.O) ',',,,;.is added to 1.5 
x I() ~; I i lIS.,\.htl(:X m Ihal i i bOI l l  30° 'o t~l' Ih¢ Si t l ' f i l¢¢ 

of the latex 'q~c¢ics was ocetlpicd hy :Klsm'lml con- 
jllgale, It was fOUIK| thnt ;~.d'~ol'pthm of  tile COllj!.l.~{:.lle 
011 liSA-latex ,uu'l'ace pr:tclieally did not influ¢ll¢¢ an 
enzymatic aclivity of ¢OlljU,~Hlfed (:T, Th~en the sy~l¢ll1 
obtained was mixml with ¢(,IIILII iIIllOLIIII o | '  Tl,q.htlex, 
and it was foulld lllttt (ill etl,,.yn'mli¢ aclivily of £'T in th,a 
luixttlre COlUplet¢ly disapl~ared after i(/rain. 1'11¢ size 
or' latex p;u'ticles nleasul'ed by quasi-cht~tic htser light- 
scattering itllt, l el¢~.'lrol~ micro.scopy in the final 
equilibrated system remained equal io the origimd one. 
It shows that prucdcal ly  all CT-I'L:AVI '> conjugate 
species which were l~r~liminarily m.lsorbed Oll I1~¢ sit:'- 
face of  BSA-latex n~igratcd to the target TIS-I~ICX ',u~d 
were fixed there due to specific iilteraetiotl between 'I'IS 
and CT. 

Thus, the recoL,,nitioz~ p h e l l O l l l e l l O n  ill the system, 
which mimics the behavior of  a vector-conjugate in th~ 
vicinity of  target ,'uld non-target cells, was actually 
observed, The roughness o f  the modal luakvs the result 
even more significunt, The most illlportant l)Oit~t is that 
polyelectrolyte int~rd~ange is not kiuetically r~stricted 
in spite of  strong non-specific cooperative binding of 
polyelectrolyte d~ains with the surl'aee of the cell 
mimetic species. However, il' non-specific interaction is 
modulated by a specific one, the whole process becomes 
very selective, so that finally most protein vectors at. 
tached to the polyelectrolyte moiety find the correspon- 
ding receptors and fix the whole conjugate on the target 
species, The essence of the mechanism is as follows. At 
tl!e first stage of the process a polymer conjugate was 
assumed to be adsorbed by any occasional cell. Then 

I,EI' 11{I.~"; N m  ~:IlIt'WI' I 9!)0 

lh¢ conj l l~atc,  thcru ' ,d iy  d i f fu .dnr  along a cell ..urla¢c. 
I'i'li}H';.tles f1"o111 O11¢ u¢ll to U, Ilolh¢l '  vi;I I'~¢I'IIHIIICltl {11, 
1er¢¢1! ¢OlIIIICD, Of I ' d l l dO l l l  co l l i ' , i o I I s  I I l ' l t i l  it rcacl lc , ,  the 
liU'gct cd l  ~.';Irl'yill!-', lhc ~orreH'~olldiil~, r,aceplOr. 111 Ihb. 
~.'as¢ ;.l l l l¢l ' l l lodyllall l i~: opt imal ~'Olllil¢l hct~,~'cn lhc ~a:ll 
and the COlljtl}]atc i', c,~l:lbli,dlcd, The I~l't',¢~.'ss a s , , t lm ud  
can be illustrated I~y lhe f~fllo,vi~lg ~,¢hem¢ (I,ig, .l). 

~['ll,: 'v;.thlc of such app,'oach ,,.';11'1 be illu,,lrat~'d ILv cer- 
tuin ,..'XalllplCs. |II order to explaiu the i11 v ivo l.'~¢h;p,h'~r 
o f  m',t i~,en-polycl¢clrolyte arlil'i~.'ial immum~gencs we 
l'W¢~pos,:d earlier [~'.,9] tl'mt lhey %.,a.rch' a proper chm~' 
o f  h1~l~itme ,:ells ill a t r ia l .and-er ror  manucr,  N o w  lhi., 
l'~r,opos0,1 has COl a rath,.~r geueral physico-ch,.'mical 
foundat ion .  
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