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r!laAKHX H.A. H AP· P14 - 12477 

H3MepeHHH paccTORHHH Me>KAY ~eHTpaMH CBH3biBaHHH 
B MO!leKy!le aHTHTe!la./noAXOA, HCn0!1b3Y~Ilii-1H 
Ma!lOyr!lOBOe pacCeRHHe peHTreHOBbiX !1y4eH 
H HeHTPOHOB/ 

npHBeAeHbl pe3y!1bTaTbl 1-!CC!leAOBaHHH Ma!loyr!lOBOrO pac
CeRHHH peHTreHOBbiX !1y4eH B paCTBOpax paHHI-IX H n03AHI-1X 

aHTHAI-1HHTPO$eHH!1-aHTHTe!1 H HX KOMn!leKCOB C MOHOBa!leHTHbiMI-1 
AeKcTpaHOBbiMH aHTHreHaMI-1, npeAnPHHHTble c ~e!lb~ Aa!1bHei1wero 
YT04HeHHR paCCTOHHHH Me>KAY ~eHTpaMH CBH3b1BaHHH B MO!leKy!le 
aHTHTe!la. no!1y4eHHble AaHHble CYI!IeCTBeHHO AOnO!lHH~T 6o!1ee 
paHHHe pe3y!1bTaTbl pacceRHI-IR HeHTpOHOB, 1-1 B KOM6HHa~HH 
C HHMH Aa~T C!leAY~UIHe 3Ha4eHHR paCCTOHHI-IH AeKCTpaH
AeKCTpaH: 36,1~1,2 HM AJ1R paHHero aHTHTe!la H 29,7~1,9 HM
A!lR n03AHero. 

Pa6oTa BblnO!lHeHa B na6opaTOPHH HeHTPOHHOH $H3HKH OHRH. 

npenpBRT 0!51>8l1RHeRHOrO HHCTRTyTa SlllepHblX RCCnel10B8HHA. ,ay6sa 1979 

Gladkikh I .A. et al. P14 - 12477 

Determination of the Distances between Antibody 
Binding Sites./An Approach Using X-Ray and 
Neutron Small Angle Scattering/ 

Results of X-ray small angle scattering investiga
tion on solutions of early and late anti-Dnp-antibodies 
and their complexes with mono-Dnp-dextran antigens 
carried out in order of a more precise determination of 
the distances between antibody binding sites are re
ported. Obtained data give an essential information in 
addition to that from neutron scattering. Together they 
bring forward the following values for dextran to dextran 
distances: 36.1± 1.2 nm (early antibody) and 29.7±1.9 nm 
(late antibody). 

The investigation has been performed at the 
Laboratory of Neutron Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research . Dubna 1979 

1. BBEAEHHE 

B npeAbiAYI!Iei1 pa6oTe I ll Mbl coo6l!la!11-1 o HeHTPOHHbiX Ma!loyr!lo
BbiX 3Kcnepi-!MeHTax, npeAnPI-IHHTbiX AI1H I-13MepeHI-1H paccTOHHI-IH 
Me>KAY ~eHTpaMI-1 CBH3biBaHI-1H B MO!leKy!le aHTHTe!la. KoMn!leKCbl 
lgG aHTI-1- Dnp -aHTI-1Te!1 CBI-!Hbl-1 C MOHO- Dnp -AeKCTpaHOM 
/M.B. 40000/ eH20 1-1 41 %0 20 paCTBOpax 6bl!11-1 1-!CC!leAOBaHbl 
c noMOI!Ib~ Ma!loyr!loeoro pacceRHI-IH HeHTPOHOB. PaccTOHHI-le 
AeKcTpaH-AeKcTpaH 6bi!10 Bb141-1C!1eHo 1-13 I-13MepeHHbiX 3Ha4eHI-1H 
paAI-!YCOB 1-!Hep~l-11-1 B ~0 AI1R yKa3aHHOrO KOMn!leKca 1-1 OTAe!lbHO 
B3HTbiX aHTI-1Te!1 1-1 AeKcTpaHa. BTopoi1 Tl-ln 3Kcnepi-1MeHTa e 41 % 
pacTeope D20 /np~-1 3TOM cocTaee n!lOTHOCTI-1 pacceHHI-IH pacTeo
PI-1Te!1H 1-1 aHTI-1Te!1a coenaAa~T/ BbiHBI-1!1 Ha!ll-141-le I-1HTep$epeH
~I-10HHoro MaKCI-!MyMa, CBH3aHHOrO C pacceHHI-leM HeHTpOHOB Ha 
ABYX MO!leKy!lax AeKcTpaHa, HaXOAHilii-IXCH Ha $1-lKCI-lpoeaHHOM 
paCCTOHHI-11-1. no!lO>KeHI-!e I-1HTep$epeH~HOHHOrO MaKCI-!MyMa TaK>Ke 
no3B0!1HeT onpeAe!li-!Tb paccTOHHI-le AeKCTpaH-AeKcTpaH. XoTH 
o6a 3Ha4eHHH 6b1!1H onpeAe!leHbl CO cpaBHHTe!lbHO 60!1bWOH CTa
THCTH4eCKOH norpeWHOCTb~, 1-13 HI-IX CileAOBa!lO, 4TO paHHee, 
T. e. npe~Hni-1TI-1py~Uiee aHTH- Dnp -aHTHTe!lO CBI-!Hbl-1 HMeeT npo
TH>KeHHy~ $QpMy c paccTOHHHeM aHTHreH-aHTI-lreH 35,8+1,3 HM. 
AJ1H n03AHero /He npe~HnHTHPY~Uiero/ aHTHTe!la I-1HTep$epeH~I-10H
HbiH 3KCnepHMeHT BblnO!lHHTb noKa He YAa!lOCb, n03TOMy paCCTOH
HI-le AeKcTpaH-AeKcTpaH /27, 3+3, 7 HM/ 6bi!10 onpeAe!leHo TO!lbKO 
no Ha6opy 3Ha4eHHH paAHYCOB-1-!Hep~HH Rg. 

B AaHHOH pa6oTe Mbl coo6111aeM o paAHycax HHep~HH aHTHTe!l 
1-1 /aHTHTe!lo-AeKcTpaH 2 I KOMn!leKcoe, H3MepeHHbiX MeTOAOM 
Ma!loyr!lOBOrO pacceHHHH peHTreHOBbiX !1y4eH. npHMeHeHHe 3TOrO 
MeTOAa HHTepeCHO no ABYM npH4HHaM: Bo-nepBbiX, MoryT 6b1Tb 
no!1y4eHbl He3aBHCHMble 3Ha4eHHH Rg aHTHTe!l 1-1 1-1x KOMn!leKcoe 
/H, C!leAOBaTe!lbHO, paCCTOHHHH aHTHreH-aHTI-lreH/j BO-BTOpbiX, 
B03HHKaeT B03MO>KHOCTb npoeepHTb COBMeCTI-IMOCTb BCeX AaHHbiX, 
aHa!1H3HpyR 3aBHCHMOCTb KBaApaTa paAI-IYCa 1-!Hep~HH OT OTHOCH
Te!lbHOH pacceHea~ei1 cnoco6HOCTH aHTHTe!l 1-1 AeKcTpaHa. Hc
n0!1b3YR o6a 3THX nOAXOAa, Mbl onpeAe!ll-1!11-1 paCCTOHHHe AeKCTpaH
AeKCTpaH B KOMn!leKce /paHHee aHTHTe!lO-AeKCTpaH 2 I. no!1y4eH
HOe 3Ha4eHHe 36,1 HM XOPOWO COr!lacyeTCR C HaWHM npe>KHI-IM 
pe3y!1bTaTOM /35,8 HM/. AJ1R KOMn!leKca /n03AHee aHTHTe!lO-
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AeKcTpaH 2 I paccTO~H~e AeKcTpaH-AeKcTpaH /29,1 HM/ TaKme 
onpeAeneHO C 60nbWOA CTeneHb~ AOCTOBepHOCT~. nony4eHH~e 
pe3ynbTaT~ nOATBepmAa~T Haw 6onee paHH~A Te3~c o cy~ecTBeH
HOM pa3n~4~~ reoMeTp~4eCK~X xapaKTep~CT~K paHH~X ~ n03AH~X 
aHT~Ten. 

2. MATEPI-1Anbl 1-1 METO,l\bl 

AHT~-Dnp-aHT~Tena CB~Hb~ ~ MOHo-Dnp-AeKCTpaH /MOn. B. 
40000/ 6~n~ ~3 ToA me napT~~. 4TO ~ B pa6oTe nl. PacTsop~ 
aHT~Ten /1,30 ~ 2,77 sec. % paHH~x aHT~Ten, 1,25% ~ 2,48% 
n03AH~X/, TaK me KaK ~ paCTBOpbl aHT~Ten C A06asneH~eM MOHO
Dnp -AeKCTpaHa /MOn~pHOe OTHOWeH~e AeKCTpaH-aHT~Teno 2,2:1/, 
roTOB~n~cb B 0,1 M $oc$aTHOM 6y$epe np~ pH 6,4. 3Kcnep~
MeHT~ no pacce~H~~ s~nonH~n~cb Ha ManoyrnosoA KaMepe KpaTK~ 
8 na6opaTOP~~ $~3~K~ 6enKa I-1HCT~TyTa 6enKa AH CCCP ;nyw~HO/. 
TaK KaK An~ KOMnneKCOB /aHT~Teno-AeKcTpaH2 I o6naCTb r~Hbe 
04eHb KOpOTKa, An~ H~X KOnn~Ma~~~ ny4Ka cymanacb BABOe 
no cpasHeH~~ c Konn~Ma~~eA An~ cso60AH~x aHT~Ten. KamAoe 
~3MepeH~e s~nonH~nocb ABamA~. ~3MepeHH~e 3as~c~MOCT~ ~c

npasn~n~cb Ha Konn~Ma~~OHH~e 3~$eKT~~1 . 

3. PE3YnbTATbl 1-1 06CY}i(,l\EHI-1E 

Ha p~c. 1 ~ ! np~BeAeH~ KP~B~e pacce~H~~ 8 r~Hbe-KOOPA~

HaTaX An~ paHH~X ~ n03AH~X aHT~Ten np~ ABYX KOH~eHTpa~~~X. 

3aB~C~MOCTb Ha6n~AaeM~X paA~YCOB ~Hep~~~ OT KOH~eHTpa~~~ 

noKa3aHa Ha p~c. 3a. B nonHoM cornac~~ c pe3ynbTaTaM~ pac
ce~H~~ HeATpOHOB 1'3 / 3Ha4eH~e R g An~ paHHero aHT~Tena oKa3a
nocb 6onbwe, 4eM An~ n03AHero /eM. Ta6n. 1/. A6con~TH~e 
3Ha4eH~~ Rg ~3 HeATpOHH~x ~ peHTreHOB~x 3Kcnep~MeHTOB cnerKa 
pa3n~4a~Tc~. 

PaA~YC~ ~Hep~~~ KOMnneKcos paHH~x ~ n03AH~x aHT~Ten 

C aHT~reHOM TaKme 6~n~ ~3MepeH~ An~ ABYX KOH~eHTpa~~A 
~ 3KCTpanon~pOBaH~ K HynesoA KOH~eHTpa~~~ /p~C. 36/. np~ 
~HTepnpeTa~~~ 3T~x AaHH~x ~ OT~cKaH~~ paccTO~H~A AeKcTpaH
AeKcTpaH cneAyeT ~MeTb B B~AY, 4TO KOMnneKC~ aHT~Teno-aHT~
reH ~Bn~~TC~ reTeporeHH~M~ 4aCT~~aM~, T.e. nnOTHOCTb aMnn~
TYA~ pacce~H~~ B cny4ae HeATpOHOB ~ 3neKTPOHHa~ nnOTHOCTb 
An~ aHT~Tena ~ AeKcTpaHa pa3n~4Hbl. CosMeCTHoe ~cnonb30BaH~e 
peHTreHOBbiX ~ HeATpOHHbiX AaHHbiX An~ ~ccneAOBaH~~ HeOAHOPOA
HbiX 4acT~~ snepBble 6blno npeAnomeHo ~ ycnewHo ~cnonb30BaHo 
An~ ~3y4eH~~ 5(}-S cy6beA~H~~ p~6ocOMbl E. Coli 15 1 • 3TOT me noA
XOA M~ MOmeM np~MeH~Tb ~ An~ KOMnneKCOB /aHT~Teno-aHT~reH/. 
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P~c. 1. r~Hbe-nocTpoe
H~e An~ pe3ynbTaTos, 
ycpeAHeHH~x no ABYM 
~3MepeH~~M: a/ paHHee 
aHT~- Dnp -aHT~Teno np~ 
KOH~eHTpa~~~x 1,30 Bee. % 
(e) ~ np~ 2,77 Bee. % 
(0); 6/ - no3AHee aHT~
Dnp -aHT~Teno np~ 

1,25 Bee. % (•) ~ 
2,48 sec. % (0) 

P~c. 2. To me, 4TO Ha 
p~c. 1: a/ KOMnneKc 
/paHHee aHT~Teno-AeK
CTpaH 2 I np~ KOH~eH
Tpa~~~x aHT~Ten 

1,30Bec. %(0) 11 
2, 77 Bee. % (•); 6/ KOMn
neKC /n03AHee aHT~
Teno-AeKcTpaH 2 I np~ 

KOH~eHTpa~~~X aHTI1-
Ten 1,25 Bee. % (0) 
~ 2,48 Bee. % (•). 

lgi 

3,6 

3,5 

3,4 

3,3 

3.2 

~ 

~0 

~9 

~8 

~7 
0 

(gi 

~5 

~ 

~3 

~2 

~ 

~5 

~4 

~3 

~ 

~ 

l 
0 

2 3 4 5 

0,5 

a/ 

6/ 

6 2 2 2 X •10 (nm- l 

x 2 x10 2(nm-2) 

5 



Rg(nJ 
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13,0 

12,0 

11,0 

10,0 

I 

I I I 

a/ 
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~0,. _,. 
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W"/, 

P~c. 3. 3aB~C~MOCTb Ha6n~AaeM~X paA~YCOB ~Hep~~~ OT KOH
~eHTpa~~~: a/ paHH~e (0) ~ n03AH~e(~aHT~Tena; 6/ KOMnneKc~ 
/paHHee aHT~- Dnp -aHT~Teno/-/MoHo- Dnp -AeKCTpaH 2 I (0). 
~ /nD3AHee aHT~- Dnp -aHT~Teno/-/MoHo- Dnp -AeKcTpaH/2 (•) . 

AnR paA~yca ~Hep~~~ KOMnneKCa RP ~MeeT MeCTO COOTHOWeH~e 

2 f 2 2 f 2 R c = A . R A + foRD + fA D a • /1/ 

rAe RA ~ R 0 - paA~YCbl ~Hep~~~ aHT~Tena ~ <!>~KT~BHO~ raHTen~ 
~3 AeKcTpaHa; D/ 2 = R0 D- paccTORH~e AeKcTpaH-AeKcTpaH; a -
paCCTORH~e MemAY ~eHTpaM~ TRmecT~ aHT~Tena ~ raHTen~; fA~ 

f 0 - OTHOC~TenbH~e pacce~sa~~~e cnoco6HoCT~ aHT~Tena 
~ AeKcTpaHa: 
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-1 
f D = 1 - f A = ~pD· V D (~p AV A+ ~fb V D) /2/ 

Ta6n11~a 1 

PaA~YCbl ~Hep~~~ np~ pa3n~4Hb1X OTHOC~Ten bHbiX pacce~Ba~~~X 
cnoco6HOCTRX 

06beKT 

PaHHee aHTI1- Dnp
aHTI1Teno 

-"-

no3AHee aHTI1- Dnp 
aHTI1Teno 

-··-
PaHHee aHTI1- Dnp 
aHTI1Teno c ranTeHoM 
no3AHee aHTI1- Dnp 
-aHT~Teno c ranTeHOM 
KoMnneKc /paHHee 
aHTI1- Dnp -aHTI1Teno/
/MoHo- Dnp AeKcTpaH/2 -··-

-··-
KoMnneKc /no3AHee 
aHTI1- Dnp -aHTI1-
Teno/-/MOHO- Dnp -
-AeKCTpaH/2 -··-

Rg /HM/ 

6,74+0,08 
6,57:±:0,05 

6' 16+0 ,07 
6 '02:±:0 '0 5 

6, 42 :tO, 09 

5,69.:!::.0,08 

11 ,5+0 ,6 
12,6:±:0,4 

17 ,9.:!::.1 '3 

8,87+1 
10 '7.:!::.0, 35 

f0 CccblnKa 

0 !.3/ 
0 AaHHaR 

pa6oTa 

0 / 3/ 
0 AaHHaR 

pa6oTa 

0 / 3/ 

0 / 3/ 

0,30 I 1/ 
0,41 AaHHaR 

1 00 pa6oTa 
' / 1/ 

0,30 / 1/ 
0,41 AaHHaR 

pa6oTa 

npi1Me-
4aHI1R 

1 
2 

2 

1 
2 

3 

1 
2 

npi1Me4aHI1R: 1/ PacceRHI1e HeATpOHOB B H20 paCTBOpax n / 11 D20 
pacTsopax ~ / . 2/ PacceRHI1e peHTreHOB~x ny4eA; Rg 3KCTpanonl1-
posaHo K HynesoA KOH~eHTpa~~11; H 2 0-paCTBOp~; o~eHKa 
norpeWHOCTI1 Rg He CTaTI1CTI14eCKaR; B Ka4eCTBe norpeWHOCT~ 
npi1BOA11TCR nonoBI1Ha pacxomAeHI1R 3Ha4eH~A Rg B ABYX He3aBI1CH
M~x 113MepeHHRX. 3/ HeATpOHH~A ~HTep¢epeH~I10HH~A on~T s 41 % 
D 20 pacTBOpe . np~BeAeHO 3Ha4eHI1e Rg' paBHOe nonOBI1He pac
CTORHI1R MemAY ~eHTpaMI1 AeKCTpaHOB~X aHTI1reHOB. 
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P~c. 4. 3ae~c~MOCTb Kea,qpaTa pa,q~yca ~Hep~~~ KOMnneKcoe 
/aHT~Teno-,qeKcTpaH 2 I, R~, OT OTHOC~TenbHOH pacce~eaiOLlle.:i 
cnoco6HOCT~ ,qeKcTpaHa f 0 ; (0) - KoMnneKc /paHHee aHT~- Dnp -
aHT~Teno/-/MoHo- Dnp -,qeKcTpaH/ 2 ; (•) - KOMnlleKc /n03,QHee 
Dnp -aHT~Teno/-/MOHO- Dnp -,qeKCTpaH/2. np~ fo = 0 ~cnonb30ea

Hbl cne.QYKllll~e o6o3Ha4eH~fl: (0) - paHHee aHT~- Dnp -aHT~Teno, 
~3 pacceflH~fl HeHTpOHOB B D 20. (~) - KOMnneKC /paHHee aHT~-
Dnp -aHT~Teno/-/ Dnp -ranTeH/ 2 , ~3 pacceflH~fl He.:iTpOHOB D20. 

( d.) - paHHee aHT~- Dnp -aHT~Teno, ~3 pacceflH~fl peHTreHOBbiX 
ny4e.:1 e ~O.(•)- n03A.Hee aHT~- Dnp -aHT~Teno, ~3 pacceflH~fl 

HeHTpOHOB B D 20. (! ) - KOMnneKC /n03,QHee aHT~- Dnp -aHT~Teno/
/Dnp - ranTeH/ 2 , ~3 pacceflH~fl HeHTPOHOB e D 2 0 • (•) - no3,QHee 
aHT~- Dnp -aHT~Teno, ~3 pacceflH~fl peHTreHOBbiX ny4e.:1. * -
3KCTpanon~poeaHHOe 3Ha4eH~e R~ ,qnfl KOMnneKca /no3,QHee aHT~
Dnp -aHT~Teno/-/MOHo- Dnp -,qeKcTpaH/ 2 . 
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VA , V 0 ~ ~P A, ~P 0 - o6beMbl ~ ~36biT04Hble pacce~ eaiOLll~e nnoT
HOCT~ /no cpaeHeH~IO C paCTBOP~TeneM/ ,Qnfl aHT~Tena ~ ,QeK
CTpaHa cooTeeTCTBeHHO. M3 e~pameH~fl /1/ cne,qyeT, 4TO R~ 
~HeHHO 3aB~C~T OT f 0 , ec11~ npeHe6pe4b 41leHOM f Af 0 a 2 . 

R 2 
= f (R 2 - R 2' + R 2 

c D D N A ' /3/ 

npeHe6pemeH~e nocne,qH~M 4neHoM e /1/ enonHe ,qonycT~Mo, 
ecn~ y4eCTb, 4TO ,qnfl cyllleCTBYKllli~X T A> / ~n~ Y 17 1 Mo,qene.:i <t>opMbl 
aHT~Tena o~eHKa a OKa3~eaeTcfl He 6onee 3 HM. CooTeeTCTBeH
HO, npeHe6peraeMbiH 4neH He 6onee 2,5 HM 2, 4TO He npeBbiWaeT 
norpewHocTe.:i 3Kcnep~MeHTanbH~x ,qaHH~x ,qnfl R ~. 0THOC~Tenb
H~e pacce~eaiOLll~e cnoco6HOCT~ f A ~ f 0 nerKo B~4~cn~Tb /eM. 
Tafin. 1/, nOCKOnbKY X~M~4eCK~H COCTaB ~ OfibeM~ KOMnOHeHTOB 
6bln~ onpe,qeneHbl paHee /3 ,4 / . Ha p~c. 4 npe,qcTaeneHbl 3ae~c~
MOCT~ R ~ OT f 0 . BbiCOK~.:i ypoeeHb 3Ha4~MOCT~ n~Hei1Ho.:i r~noTe3bl 
0,9998 ,Qnfl KOMnneKca /paHHee aHT~Teno-aHT~reH 2 I~ 0,9778 

no3,QHee aHT~Teno-aHT~reH2 / - cnym~T eecK~M no,qTeepm,qe
H~eM e3a~MHoro cornac~fl ecex Haw~x pe3ynbTaToe. M3 H~x 

cne,qyiOT cne,QYIOLll~e paCCTO~H~~ ,QeKCTpaH-,QeKCTpaH: 36,1+1 ,2 HM 
,qn~ paHHero aHT~Tena, 4TO xopowo cornacyeTcfl c 35,8~1,3 HM, 
nony4eHH~M paHee; 29,7+1 ,9 HM ,qn~ no3,qHero aHT~Tena 
/npemHee 3Ha4eH~e 27,3~3,7 HM/. 

AeTop~ e~pamaiOT 6naro,qapHOCTb M.H.Cep,QIOKY 3a ~eHH~e KoH
cynbTa~~~ ~ npe,qocTaeneH~e eo3MOmHOCT~ e~nonH~Tb 3Kcnep~

MeHT no pacce~H~IO peHTreHoe~x ny4e.:1, a TaKme A.K.rpeHa,qepy, 
f.C.nony6ecoey ~ ~.WnyHr~HY 3a nOMOLllb np~ npoee,qeH~~ ~3Me

peH~H. AeTop~ 6naro,qapflT aKa,Q. M.M.<t>pa HKa 3a nocTOflHH~ .:i 

~HTepec K 3TOH pa6oTe. 
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