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SUM.X[.k R Y  

Chemical modification of tim free amino groups of antibodies to six different antigells 
has been carried out.  The antigens included three proteins, and one negat ively 
charged, one posit ively charged, and one 'heutra l ,  hapten.  Acetylat ion of more than  
4 ° % of the free amino groups of alt antibodies resulted in a complete loss of capaci ty  
to precipitate their  respective antigens, whereas guanid ina tkm of up to 75 % ~)f tim 
groups did not alter this capaci ty .  Our conclusion is tha t  the effect of acetylat ion 
is noa-specific, independent  of the na ture  of the antigen,  and  is probably due to a 
eonfigurat ional  change iri the ace ty la ted  an t ibody  molecules produced by  intramole- 
cnlar electrostatic repulskms. The dissociation of an t igen-an t ibody  bonds produced 
by  alkaline pH m a y  be a t t r ibu tab le  to a related mechanism. 

INT R {) I ) t : I ' I ' [ ( )N  

We have been interested in tile i,<'.: -;.!,i!i' v,)7 detect il~g tt~e presence of N>ecific chemical 
gronr)s in ant igen (Ag) anti an t ibody (:\I,) reactive sites by modifying these molect!!e.~ 
chemically and determining the accompanying  effect on their act iv i ty  t-a. For  the 
purposes of a prel iminary delinition of the problem, we have investigated the modifi- 
cat ion of the free amino groups of Ab. Several different types of Ab were s tudied:  
three directed against  the protein antigens bovine serum albumin (BSA), ovalbmnin 
teA) ,  and ribonuclease (RNase); one directed against a negat ively charged hapten,  
p-azobenzenearsonate  ion (R); one directed against  a neutrM hapten,  2,4-dinitro- 
phenvl (DN P) : and  one directed against  a positively charged hapten,  ib-azotrimethyl- 
ani l inium ion (TMA). 

A fundamenta l  difficulty which arises in all chemical modification studies wi th  
proteins is t h a t  if a loss of some biochemical ac t iv i ty  is produced by a specific mo~lifi- 
ca t ion reaction, one mus t  be able to determine wkether  this is indeed due to the 
blocking of specific groups withirt the reactive sites of the protein themselves, or 
whether  it is the resal t  of non-specific factors, such as a s t ruc tura l  rearrangement  
of large segments of the protein molecule. In order to differentiate between these 
two effects, the following procedmc proposed by S1Nt;EI{-* was employed,  based on 
evidence which suggests tha t  an t i -R Ab sites contain a critical ~-amino group of 
lysine a, and t h a t  anti-TMA Ab sites, on the contrary:_ probably contain a eriticai 
negat ively  charged group, very likely a carboxyl  group a. The procedure, therefore, 

" l ~ r c s c n t  a d d r e s s :  N a t i o n a l  R e s e a r c h  C t m n a i l  L a b o r ~ t ~ * r i e s .  O t t a w a ,  C a n a d a .  
"* C o n t r i b u t i o n  N o .  15I  9.  
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was to look for gross differences in the  behavior  of these two Ab upon  chemical  
modification of their  amino groups.  I f  an t i -R  Ab were inac t iva ted  while ant i -TMA 
Ab remained fully act ive  upon blocking their  amino groups,  a specific inac t iva t ion  
at  the  react ive  sites of the  former  Ab would be indicated.  On the o ther  hand,  if bo th  
Ab were similarly inact ivated,  non-specific factors  would appear  to be involved,  

Two specific modificat ion react ions of amino groups were inves t igated:  ace ty la-  
tion wi th  acetic anhydr ide  6, and guanidlnat ion with O-methy l  isourea T. E v e n  
part ial  acetyla t ion resul ted in a comple te  loss of  capac i ty  of all six Ab to precipi ta te  
their  respect ive Ag, whereas  extens ive  guanidinat i0n of all six Ab pe rmi t t ed  them 
to  retain essentitflly all of this capaci ty .  We  have  concluded,  therefore,  tha t  the  
inact ivat ion produced b y  ace ty la t ion  Js of the  non-specific type.  

2liter these s tudies  were completed ,  an interest ing paper  b y  NlsoNoFI~ AND 
PRESSMAN 8 appeared  in which it was repor ted  that  the  part ial  ace ty la t ion  of A b  
directed to the  p-azobenzoate  group  resul ted  in a loss of capac i ty  of the  Ab  to  pre- 
cipi tate  ova lbumin-azobenzoa te  bu t  al lowed essent ial ly comple te  re ten t ion  of  the  
capac i ty  to bind the small  hapten ,  p- iodobenzoate .  Their  conclusion, in agreement  
with ours, is tha t  the loss of Ab precipitz~biHty upon  ace ty la t ion  is a non-specific 
effect. Fur thermore ,  however ,  t h e y  suggest  tha t  this non-specific effect is pr imar i ly  
due  to  the increased electrostat ic  repulsion betweert  the  aee ty l a t ed  Ab and t h e  
conjugated  o~,albumin Ag molecules. Our results are inconsis tent  wi th  this hypothes is ,  
and we propose  instead tha t  upon acetyla t ion,  the Ab molecule undergoes  a con- 
figurational rear rangement  which interferes wi th  the subsequen t  interact ion wi th  
the  large Ag molecule. 

M A T E R I A J - S  A N D  M~Z'IHODS 

.4 r~.lige~s 

The proteins  BSA, RNase ,  bovine  ~-globulin (BG), and fl-lactogiobulin (LG) 
were obta ine~ ~ommereially.  OA was  p repared  from fresh hen eggs b y  the  usual  
procedure". For  the  s t u d y  of the  an t ihap ten  Ab, an inject ing Ag was p repared  b y  
coupling the par t icular  hap ten  to one protein,  and  a precipi tat ing or  tes t  Ag was  
prepared  b y  coupling the hap ten  to a second, serologically unrelated,  protein.  For  
an t i -R  Ab, an injecting Ag (RBG) was made  b y  coupling diazot ized p-arsanilic acid 
to BG TM. The ant isera  so produced showed no significant t i ter  against  BG itself, and  
so R B G  itself, as  well as the t r iva lent  dye,  R8 p resorcinol u, were used as t es t  Ag. F o r  
an t i -DlqP Ab, the  inject ing Ag was D N P - B G ,  while the  tes t  Ag was  D N P - B S A .  
The DNP-pro te ins  were prepared  wi th  2,4-dinitrofluorbenzene b y  the first p rocedure  
described b y  FRAENKI~L-CoNRAT, HARRIS AND LEVY TM. For ant i -TMA Ab, an inject ing 
Ag was made  b y  coupling diazot ized p-amino ( tr imethylanil inium) chloride 5 to  LG,  
while the  tes t  Ag was TMA coupled to BSA. 

A nt lbodies  

The hap ten-con juga ted  proteins  referred to above  as it:jeering Ag. and  also the  
proteins  BSA, OA, and  RNase ,  were adminis tered to rabbi ts  subcu taneous ly  using 
the FREUND a d j u v a n t  technique.  The w-globulin fract ion of the  pooMd highest t i t e r  
ant i sera  was prec ip i ta ted  wi th  x/3 sa tu ra t ed  (NFIa)2SOa, and  s tored  at  4 ° unti l  
needed,  whereupon  it was dissolved in and dia lyzed against  a near ly  neut ra l  buffer ;  
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this was phospha te  buffer,  p H  7-5, 11/2 o.i  in all cases except  the  an t i -R  system,  
for  which maleate  buffer,  pH  7.o, F]2  o . i ,  was used to  avoid phospha te  ion inhibi t ion 
in this sys tem 4. 

Modification o] A b 

Acety la t ion  was carr ied ou t  essentially as previously described*, 8. Where  10w 
degrees of ace ty la t ion  were required,  it was found convenient  to add small amounts  
of acetic anhydr ide  by  first prepar ing IO % solutions of [t in dioxane.  Guanid ina t ion  t, ~ 
was pe r fo rmed  at  two plq values,  9.5 and io .o  at o ° for 72 h, in order  to va ry  the  
e x t e n t  of convers ion of amino  groups. The number  of amino groups remaining on the 
modified Ab was de te rmined  by  n inhydr in  a n a l y ~ s  z. 

A b activity deter~dnations 

For  the purposes  of this s tudy ,  a re la t ively rapid assay was used. First ,  the  
a m o u n t  of test  Ag requi red  to precipi ta te  the m a x i m u m  amoun t  of specific unmodif ied 
Ab f rom the ,~-globulin f ract ion was de te rmined  by  Ne.~slcr N analyses.  Second, this 
chemical ly  modified y-globulin f ract ion at  the same to ta l  protein concen t ra t ion  was 
t r e a t e d  wi th  the above-de te rmined  a m o u n t  o[ Ag. The rat io of the amoun t  of pre- 
c ip i t a te  fo rmed  in the  second case to the amoun t  in the first was considered a measure  
of the  fract ion of prec ip i ta t ing  capac i ty  re ta ined  by  the Ab aft,.~r modification. No 
significant differences in precipi ta t ing  capac i ty  were found  whether  the  precipi ta tes  
were allowed to  form for 4o or 72 h, which indicates  tha t  changes in precipi ta t ing  
capac i ty  upon Ab modif icat ion can not be a t t r i bu t ed  to reduced  rates of Ag-Ab  
react ions.  

In  view of the exper iments  of Nmoxovr" ;~NI) PRESS.~tAN 8, we specifically refrain 
f rom apply ing  the ter ,n " i n a c t i v a t i o n "  to a reduct ion in precipi ta t ing capac i ty  of Ab. 

RESULTS AND DISCUSSION 

The  reduc t ion  in precipi ta t ing  capac i ty  p roduced  by  the ace ty la t ion  of Ab wa~ very  
ma rke d  and  qu i te  similar in all six sys tems (Fig. ~-). The ace ty la t ion  of more than  
4o % of the amino  groups  of all six Ab resul ted in a complete  loss of precipi tabi l i ty ,  
while even  only  zo ~,~ ace ty la t ion  produced over  a 6o ?g loss of precipi tabi l i ty .  On 
the  o the r  hand ,  guanid ina t ion  of as m a n y  as 75 °~ of the free amino groups  of all 
six Ab p roduced  no significant loss of ac t iv i ty  (-fable I). 

Since the losses in precipi ta t ing capac i ty  p roduced  by  ace ty la t ion  of an t i -R  
and  of ant i -TMA Ab are qui te  parallel, we infer tha t  in these cases such losses are 
a t t r i b u t a b l e  to some auxi l ia ry  effects of ace ty la t ion  ra the r  t han  to  the  blocking of 
cri t ical  amino groups  in the  Ab sites. The  s imilar i ty  of the results obta ined  with all 
six Ab sys tems  suggests t ha t  this conclusion applies generally.  Up to this point ,  this 
conclusion is in accord  with the in te rpre ta t ion  of o ther  workers ~, ~3, ~, and  is c o n t r a r y  
to  an earlier  one from this l abo ra to ry  t,u. 

W h a t  is the  na tu re  of these auxi l ia ry  effects of ace ty la t ion?  One result  of ace ty ta -  
l ion  is the  replacement ,  at  neut ra l  pH,  of posi t ively charged a m m o n i u m  groups wi th  
uncha rged  ace tamido  groups,  which increases tttc net  negat ive  charge of Ab. One 
conceivable  explana t ion ,  therefore,  is t ha t  the  i,_~creased intermolecular electr ical  
repuls ion of ace ty l a t ed  Ab and  Ag molecules is sufficient to overcome the  specific 
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binding forces of Ag and Ab. This in terpre ta t ion  was  advanced  b y  NtsoNov~ AND 
PRESSl~tAN s. There are several  lines of evidence, however ,  which make  this explanat ion  
untenable,  the  most  direct ly per t inent  of which is our  observat ion  tha t  essent ial ly 
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the same loss of precipi tabi l i ty  at  p H  7-5 occurs with ace ty la ted  Ab to RNasc  as wi th  
ace ty la ted  Ab to OA. Since the isoelectric points of RNase  and OA are 7.8 and 4.5, 
respectively,  at  p H  7.-5 the  tormer molecule carries a net positive, the  la t ter  a net 
negat ive,  charge. Increasing the net negat ive charge of an t i -RNase-Ab  should have 
increased its capac i ty  to precipi tate  RNase ,  if intermolecular  electrical interact ions 
were of p r imary  importance.  These results suggest,  rather,  tha t  the effect of aeetyla-  
tion is upon  the All itself, independent  of the  na ture  of the Ag. 

Our  previous s tudies  3 have  shown tha t  acetyla t ion and succinylation,  as  0. result  
of Changes wronght  in the  charge dis t r ibut ion on protein molecules and tile i n t m -  
moleaMar electrostat ic  repulsions so produced,  can cause gross configurational changes 
in the  prote in  mMecu!es. W e  suggest tha t  even par t ia l  aeetyl~t ion causes such con- 
f igurational  changes in the  Ab molecule in the neighborhood of the  react ive sites, 
perhaps wi thout  affecting the sites p~w se s, which changes are of such a nature  as to 
hinder  the  binding of a hapten,  or Ag site, when it is a t t ached  to ~L large prote in  
molecule, bu t  which m a y  not  hinder  the binding of the  small hapten  itself. One 
might ,  for example,  visualize the AI/ sites as being par t ia l ly  invaginatcd  by  the 
ace ty la ted ,  and the reby  deformed,  sur rounding port ions of the  Ab molecule. 

One m a y  fur ther  suggest  tha t  the removal  of the posit ive charge on the same 
amino groups of Ab hy  an increase of the  p H  of the solution, ins tead of b y  acetyiat ion.  
might  have the same effect on the Ab molecule and its capac i ty  to precipi tate  wi th  
a large Ag molecule. The general ly-observed dissociation of A g - A b  bonds  in alkaline 
solution migEt therefore  be a t t r ibu tab le  to such a deformat ion of the Ab molecule, 
ra ther  than  to  in termolecular  repulsions of Ag and Ab molecules, or  to  the  t i t ra t ion 
of specific criticM groups  within the  Ab sites. If  this speculat ion is valid, one might 
find, b y  analogy to the  exper iments  of NISONOFF AND PIIF.SSMAN, tha t  an increase 
in alkaline p H  might  reduce the binding capac i ty  of an Ab for its specific hap tcn  
when the  la t te r  was a t t a ched  to a protein molecule, bu t  have  little or  no effect on 
the  Ab-binding  capac i ty  for the  small hap ten  itself. 

I t  is qui te  remarkab le  tha t  extensive guanid ina t ion  of  the amino groups of Ab 
causes no appreciable  inact ivat ion.  This demons t ra tes  tha t  the inhibition of precipi- 
ta t ion  p roduced  b y  the ace ty la t ion  of Ab is not  due to the  bulkincss of the  ace tamido  
groups per  so, since the guanidino groups are v i r tua l ly  the same size. These results  
also afford no comfor t  for the view tha t  amino groups arc critically involved in Ab  
sites, par t icular ly  in an t i -NAb sites 4, a l though they  do not conclusively prove  tha t  
they  are not.  I t  is possible, for example,  t ha t  the  critical amino groups might  for 
various reasons be much  less react ive towards  O-methyl  isom-ea than  are the o ther  
amino groups of the  Ab  molecule. Such relat ively unreact ive  groups have been en- 
counte red  in o ther  invest igat ions  t;. 
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S U M M A R Y  

I. Nuclei isolated from rabbi t  appendix could incorporate  asp into DNA, RNA 
and organic acid-soluble phosphorus fract ion (OASP) i~ vitro. 

2. The removal  of tile bulk of DNA from th~ nucleus by  pancreat ic  DNase  
abolished the incorporat ion into DNA and RNA almost  completely,  while t h a t  in to  
OA~qP was reduced only to about  6o %. 

3. Appreciable restorat ion of the impaired incorporat ion ac t iv i ty  was observed 
when salmon sperm DNA or yeast  R N A  was added to the nuclei t rea ted  with  DNase.  
However,  if an extensivc removal  of DNA h a d  been achieved, the restorat ion occurred 
only  in the case of RNA, and  not  DNA, of the nucleus on addi t ion of exogenous 
nucleic acids. 

4. Some indication was obtained tha t  certain polyanionic compounds,  such as 
chondroi t in  sulphate  or hyaluronatc ,  could replace tile nucleic ac:ds in restoring the  
imi)aired ac t iv i ty  of DNase- t rea ted  nuclei, provided tile action of DNase was  not  
very  extensive. 

5. I t  was suggested t h a t  in the observed restorat ion added  nucleic acids ac ted  
merely as polyanions which might  el iminate tl~e imbalance of electrostat ic  charges 
result ing from the removal  of the bulk of DNA from the nucleus. 
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