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Discussion. These  e x p e r i m e n t s  sugges t  t h a t  pass ive ly  
a d m i n i s t e r e d  a n t i s e r u m  m a y  suppress  or  e n h a n c e  an t i -  
b o d y  f o r m a t i o n  to Toxop la sma .  The  ou t com e  seems to 
be d e p e n d e n t  on  a n u m b e r  of va r i ab l e s  inc lud ing  t he  
in fec t ing  s t r a i n  and  t he  an t igen-ar~ t ibody  rat io .  P rev ious  
s tud ies  w i t h  sheep red  b lood cells h a v e  also shown  t h a t  
p r io r  t r e a t m e n t  of an ima l s  w i t h  IgG or IgM can  b o t h  
e n h a n c e  and  suppress  a n t i b o d y  p r o d u c t i o n L  The  sup-  
p ress ion  in p r e s e n t  e x p e r i m e n t s  m a y  h a v e  been  due  to  
ac t ion  of pass ive  a n t i s e r u m  on a n t i b o d y - f o r m i n g  cells. 
Th i s  was  ind ica t ed  in a r ecen t  s t u d y  of k ine t ics  of an t i -  
b o d y - m e d i a t e d  suppress ion  of h u m o r a l  i m m u n e  response  
to T o x o p l a s m a  a t  a cel lular  levelK A m a r k e d  r educ t ion  
in t he  n u m b e r  of spleen ro se t t e - fo rming  cells was revea led  
in a n t i b o d y - t r e a t e d  group.  Us ing  def ined l y m p h o i d  po- 
pu la t ions ,  m a j o r i t y  of t he  ro se t t e - fo rming  cells in  Toxo-  
p l a s m a  i m m u n i z e d  mice h a v e  been  iden t i f i ed  as B-cells  
(Masihi  a n d  Werner ,  u n p u b l i s h e d  observa t ions ) .  The  
m e c h a n i s m  of e n h a n c e m e n t  is a t  p r e s en t  n o t  comple t e ly  
clear.  However ,  m u c h  e x p e r i m e n t a l  d a t a  sugges t  t h a t  
T-  a n d  B - l y m p h o c y t e s  are he t e r ogenous  in t he i r  com- 
pos i t ion  and  t h a t  T-cells cons is t  of he lpe r  a n d  suppressor  
subpopu la t i ons .  The  exac t  cond i t ions  u n d e r  wh ich  these  
s u b p o p u l a t i o n s  m a y  be  t r iggered  are  n o t  ful ly  e luc ida ted .  
I t  is of i n t e r e s t  t h a t  dif ferences  in the  degree of l ympho-  
cy te  s t i m u l a t i o n  b y  11 s t r a ins  on chal lenge w i t h  v i r u l e n t  
T o x o p l a s m a  h a v e  been  obse rved  in miceS. 

M a t e r n a l  a n t i b o d y  pass ive ly  acqu i red  b y  t he  n e w b o r n  is 
ca tabo l ized  w i t h i ~ a  few m o n t h s .  To w h a t  e x t e n t  t h i s  
a n t i b o d y  m a y  inf.lff~nce t h e  i m m u n e  response  of h u m a n  
foetus  or newborff ' : to T o x o p l a s m a  infec t ion  is n o t  known.  
In  a r ecen t  s t u d y  w i t h  ra ts ,  T o x o p l a s m a  IgM a n t i b o d y  
response  could n o t  be  de t ec t ed  b y  i m m u n o f l u o r e s c e n t  
t e s t  du r ing  the  7-week o b s e r v a t i o n  per iod  in n e w b o r n s  
infec ted  w i t h  t he  pa ra s i t e  1-2  days  a f te r  b i r t h  f rom 
chron ica l ly  in fec ted  m o t h e r s K  I n  t h e  offspr ings  f rom nor -  
ma l  mothers ,  h i g h  IgM a n t i b o d y  t i t r e s  were p r e sen t  2-3  
weeks a f te r  s imi la r  infect ion.  N e w b o r n  ra t s  f rom m o t h e r s  
w i t h  chronic  in fec t ions  h a d  h i g h  S a b i n - F e l d m a n  and  IgG  
i m m u n o f i u o r e s c e n t  t e s t  t i t res .  This  suggests  t h a t  t he i r  IgM 
response  m a y  h a v e  been  suppressed  b y  p a s s i v e l y  ac- 
qu i red  m a t e r n a l  I gG  a n t i b o d y .  I n  t he  case of h u m a n s ,  i t  
is n o t  un l ike ly  t h a t  t he  a l t e r a t i o n  of i m m u n e  response  to  
suppress ion  or e n h a n c e m e n t  could occur  b u t  would  de-  
pend  on t ime  a n d  m a g n i t u d e  of foeta l  and  m a t e r n a l  in-  
fections,  a m o u n t  of c i rcu la t ing  a n t i b o d y  fo rmed  b y  t he  
m o t h e r  a n d  t he  in fec t ing  s t r a i n  of Toxop lasma .  
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Summary. Cells p roduced  in t he  c ryp t s  of n e w b o r n  pig i leum mig ra t e  on to  Villi du r ing  d e v e l o p m e n t .  There  is l i t t l e  or no  
c o r r e s p o n d i n g  loss of ceils f rom vi l lus  t ips  d u r i n g  t he  f i rs t  week  of p o s t n a t a l  life. Vi l lus  g r o w t h  d u r i n g  t h i s  per iod  is 
la rgely  respons ib le  for t he  slow r a t e  of cel lular  renewal  seen to  t ake  place. 

I n t e s t i n a l  a b s o r p t i o n  of i m m u n o g l o b u l i n s  in  t he  pig a t  
b i r t h  is assoc ia ted  w i t h  an  i m m e d i a f e  increase  in sod ium 
t r a n s p o r t  1. This  is fol lowed 5-24 h l a t e r  b y  a m a r k e d  
i n h i b i t i o n  2. I m m u n o g l o b u l i n  b r o u g h t  in to  c o n t a c t  w i t h  
t h e  n e w b o r n  pig  in t e s t ine  in i t i a l ly  increases  t h e  r a t e  of 
oxygen  c o n s u m p t i o n  b u t  th i s  effect  d i sappear s  some 4 
d a y s  l a t e r  a. R e m o v i n g  pigle ts  f rom t h e  sow o v e r n i g h t  
res to res  sod ium t r a n s p o r t  to  l eve l s  found  in t he  n e w b o r n  
an imal .  Th i s  effect  d i sappear s  10 days  a f t e r  b i r t h  2. The  
pu rpose  of t he  p r e sen t  work  was to  t r y  to  e s t ab l i sh  wh ich  
if a n y  of these  chang ing  p a r a m e t e r s  m i g h t  be  associa ted  
w i t h  t he  phys ica l  a p p e a r a n c e  of a d i f fe ren t  p o p u l a t i o n  
of cells u p o n  t he  surface of t he  deve lop ing  in t e s t i na l  villus. 
Materials and methods. Pigs t a k e n  a t  b i r t h  were in jec ted  
s.c. w i t h  a n  aqueous  so lu t ion  of [6-aH] t h y m i d i n e  o b t a i n e d  
f rom The  R a d i o c h e m i c a l  Centre ,  A m e r s h a m ,  E n g l a n d  
(1 txCi/g b .wt ,  20,000-30,000 mCi /mmole) .  P ig le ts  were 
t h e n  r e t u r n e d  to the  sow to be  kil led 2, 24, 48, 96, 144 
a n d  192 h la ter .  T he  smal l  i n t e s t i ne  was  d issected  out ,  
p o r t i o n s  of t he  m i d - i n t e s t i n e  be ing  fixed,  pr ior  to  em- 
bedd ing ,  in  p h o s p h a t e - b u f f e r e d  formal in ,  p H  7.0. Sect ions  
t a k e n  a t  2 [zm, coa t ed  w i t h  I l fo rd  K2 emuls ion,  were 
a l lowed to deve lop  for 127 days  before  be ing  s t a ined  w i t h  
h a e m a t o x y l i n  a n d  eosin. To ta l  a n d  r ad ioac t ive  cell c o u n t s  
were t h e n  car r ied  ou t  f rom base  of c r y p t  to  t ip  of vil lus.  
Results and discussion. Villus h e i g h t  and  c r y p t  dep th ,  
t o g e t h e r  w i t h  t he  m e a n  pos i t ion  of t he  fas tes t  m i g r a t i n g  
t h y m i d i n e  label led cells, is shown  for  d i f fe rent  t imes  
fol lowing in jec t ion  of t h y m i d i n e  in t h e  table .  The  d e p t h  
of c r y p t s  r e m a i n e d  v i r t u a l l y  c o n s t a n t  up  to  6 days  a f t e r  

b i r th .  A d d i t i o n a l  m e a s u r e m e n t s  on  10-day-old Pig in-  
t e s t ines  t a k e n  f rom the  same  region show a c r y p t  d e p t h  
of 24.9 • 1.1 cells. The  h e i g h t  of vi l lus  p lus  c r y p t  showed 
a 3fold increase  over  the  same  t ime  per iod  (80-231 cells). 
T h y m i d i n e  labe l led  cells were conf ined  in i t i a l ly  to  t h e  
c rypts .  T h e y  m o v e d  on to  t h e  v i l lus  a f te r  24 h r each ing  
cell pos i t ion  189 some 7 days  later .  Cells p roduced  b y  

Villus growth and cell migration in the pig intestine measured during 
the first 8 days of postnatal life 

Time after birth (h) 2 24 48 96 144 192 

Height of villus and crypt 80.3 82.3 99.5 136.9 215.2 231.0 
4-4.6 4-4.6-t-3.7 !5 .7  :t:8.7 -t_7.6 

Depth of crypt 24.7 26.2 27.1 27.0 28.2 33.5 
• =El.1 • 4-1.0 -t-1.8 =t=1.4 

Distance from crypt base 11.9 26.4 46.1 78.1 172.8 189.2 
to leading labelled cell :t:0.7 -t-1.7 +2.4 -f:4.2 ~-7.6 -t-7.5 

Numbers give cell counts from base of crypts. Each value gives the 
mean ~ SE of 12 determinations. 
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3 M.W. Smith, E. A. Munn, K. A. Burton and C. Henriques de 
Jesus, in: Materno-foetal Transmission of Immunoglobulins, p. 
381. Ed. W. A, Hemmings. Cambridge University Press 1975. 



1588 Specialia EXPERIENTIA 33/12 

mi tos i s  d u r i n g  t he  f i rs t  6 days  are a d d e d  to  an  a l r eady  
ex i s t ing  cell popu la t ion .  Villi  f rom t he  in te s t ines  of 8-day-  
old pigs are, however ,  s imi lar  in size to  those  seen in t he  
6-day-old  an imals .  This  also appl ies  to  t he  10-day-old 
a n i m a l  (c ryp t  + vi l lus  h e i g h t  211 ~= 7.1 cells). If  label led 
ceils con t inue  to  m i g r a t e  a t  t he  same  ra te ,  one can  p red ic t  
t h a t  t h e y  will  r e a c h  t h e  t ips  of t h e  now  n o n g r o w i n g  vil l i  
b y  d a y  10. I t  is c lear  t h o u g h  t h a t  a n y  loss of phys io logica l  
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Cell migration during early postnatal development in the pig small 
intestine. Measurements taken A 2 h and B 48 h after the injection 
of [3H] thymidine. Cell position 0 ( ~ ) corresponds to the junction 
between crypt and villus, cell positions to the left and right referring 
to distance into crypts or onto villus respectively. The number of 
cells at positions greater than 30 in crypts is small since few crypts 
have depths greater than this value. 3 types of cell are considered: 
those labelled with thymidine which never become vaeuolated (-O-) ; 
unlabelled cells which never become vacuolated (-&-) and unlabelled 
vacuolated cells (-O-). Values give the means of 10 observations. 

f unc t i on  seen to t a k e  place up  to  6 days  a f t e r  b i r t h  m u s t  
be  exp la ined  on  t h e  basis  of an  a l r eady  ex i s t ing  cell 
p o p u l a t i o n  c h a n g i n g  i ts  p roper t i es .  This  inc ludes  t h e  
ab i l i t y  to  change  sod ium t r a n s p o r t  as well  as to  r eac t  
w i t h  i m m u n o g l o b u l i n s  in such a way  as to  s t i m u l a t e  
oxygen  c o n s u m p t i o n .  
E x p e r i m e n t s  showing  the  re la t ive  d i s t r i b u t i o n  of t h y -  
mid ine  label led  a n d  v a c u o l a t e d  ep i the l ia l  cells on  t he  
vil l i  of 2 a n d  48 h old piglets  are  i l l u s t r a t ed  in t h e  figure. 
Vacuo la t ion ,  caused  b y  the  endocy tos i s  of i m m u n o g l o b -  
u l ins  w i t h i n  2 h of inges t ing  co los t rum,  is conf ined  to  cells 
on  the  vi l lus  (figure, A). Labe l led  cells f i rs t  a p p e a r  t owards  
t h e  base  of the  c rypts .  T r a p p e d  b e t w e e n  label led  cells 
a n d  v a c u o l a t e d  cells on  t he  v i l lus  lies a p o p u l a t i o n  of 
non labe l l ed  c r y p t  cells. The  w a y  these  3 popu l a t i ons  
r e d i s t r i b u t e  t h e m s e l v e s  in  t he  succeeding  46 h is shown 
in t he  figure,  B. The  t o t a l  n u m b e r  of non labe l l ed  vacuo-  
l a t ed  a n d  non labe l l ed  u n v a c u o l a t e d  cells r ema ins  c o n s t a n t  
whi le  t he  p o p u l a t i o n  of label led cells increases  b y  a fac tor  
of 4. Cons iderab le  cell m ix ing  t akes  place d u r i n g  th i s  
pe r iod  of d e v e l o p m e n t .  Af te r  48 h one can  f ind some 
label led  cells a h e a d  of non labe l l ed  u n v a c u o l a t e d  cells and  
some of b o t h  of these  popu l a t i ons  a h e a d  of some of the  
v a c u o l a t e d  cells. This  leads to  a r a t h e r  ineff ic ient  dis- 
p l a c e m e n t  of t he  or ig inal  cell popu la t ion .  Some of the  
or ig ina l ly  v a c u o l a t e d  cells will, never the less ,  h a v e  b e e n  
d isp laced  b y  d a y  10. This  is t he  t i m e  a t  wh ich  t he  smal l  
i n t e s t ine  ceases to  r e spond  to  a pe r iod  of s t a r v a t i o n  b y  
increas ing  i ts  t r a n s p o r t  of sod ium 2. 
The  fac t  t h a t  l i t t le  or no cell r e p l a c e m e n t  t akes  place up  
to  d a y  6 al lows to  conc lude  t h a t  deficiencies in  func t ion  
a r i s ing  w i t h i n  th i s  t ime  per iod  m u s t  occur  w i t h i n  t he  
or ig ina l  p o p u l a t i o n  of cells. F u n c t i o n a l  changes  occurr ing  
w i t h  a t i m e  course g rea te r  t h a n  6 days,  p r o b a b l y  arise 
f rom the  phys ica l  d i s p l a c e m e n t  of some of t h e  or iginal  
p o p u l a t i o n  of cells f rom n o n g r o w i n g  villi. 

Effect  of  h i s t o n e s  f r o m  b r a i n  o n  D N A - s y n t h e s i s  in  v i t r o  1 
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Summary. The  resu l t s  of these  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  h i s tones  f rom b r a i n  i nh ib i t  t he  rep l i ca t ion  of D N A  in vi tro.  
A s imi la r  effect  is obse rved  w i t h  po ly lys ine  or po lyarg in ine .  The  reve r s ion  of i n h i b i t i o n  b y  p o l y g l u t a m i c  acid or acidic 
p ro t e in s  is comple t ed  in all  cases excep t  w h e n  t he  D N A  is p rev ious ly  complexed  wit l l  h i s tones ,  po lya rg in ine  or poly-  
lysine.  Th i s  sugges t  t h a t  h i s tones  m a s k i n g  of D N A  towards  t he  po lymerases  involves  e l ec t ros ta t i c  forces. 

Severa l  s tud ies  h a v e  s h o w n  t h a t  h i s tones  i n h i b i t  va r ious  
i ) N A - p o l y m e r a s e  sys t ems  in  v i t ro  2-4. Lys ine- r i ch  h i s tones  
were t he  m o s t  effect ive  a n d  a rg in ine - r i ch  h i s tones  t he  
leas t  e f fec t ive  i nh ib i t o r s  of D N A - s y n t h e s i s  4. T he  h i s tones  
can  cover  t he  D N A - s t r a n d  or  change  i ts  c o n f o r m a t i o n  in 
such  a w a y  as to  r e n d e r  i t  un recogn izab le  b y  t he  poly-  
merases .  
I n  our  l a b o r a t o r y  we are  i n t e r e s t ed  in t he  role of nuc lea r  
p ro t e in s  in  t he  r egu la t i on  of D N A - r ep l i c a t i on  in the  b ra in .  
W e  d e m o n s t r a t e d  in our  p r ev ious  e x p e r i m e n t s  a close re- 
l a t i o n s h i p  b e t w e e n  t he  r a t e  of D N A - r ep l i c a t i on  and  t he  
syn thes i s  of c h r o m a t i n  p ro t e in s  5. La te ly ,  We h a v e  de-  
m o n s t r a t e d  t he  presence  of D N A - p o l y m e r a s e  a n d  endo-  
nuc lease  a c t i v i t y  w i t h i n  t h e  n o n h i s t o n e  p ro t e ins  of t he  
b r a i n  c h r o m a t i n  6, ~. 
As h i s tones  h a v e  a h igh  pos i t ive  charge,  t h e i r  i n t e r a c t i o n  
w i t h  D N A  could  be  due, a t  leas t  in  pa r t ,  to  e lec t ros ta t i c  
forces b e t w e e n  t he  pos i t ive  charges  of t he  histories  a n d  t he  

nega t i ve  charges  of t he  p h o s p h o r i c  acid g roups  in DNA. 
I n  th i s  way,  po lypep t ides  of h igh  pos i t ive  cha rge  such  as 
po lya rg in ine  a n d  po ly lys ine  can  be  used as h i s tone  
analogs .  
I n  the  p r e sen t  s t u d y  we i n v e s t i g a t e d  t he  effects  of un-  
f r a c t i o n a t e d  b r a i n  h is tones ,  po lya rg in ine  and  polylys ine  
on  D N A - s y n t h e s i s  in  v i t ro .  W e  also s tud ied  t he  effect of 
p o l y g l u t a m i c  acid, a h igh ly  an ionic  po lypep t i de  and  acidic 
p ro te ins ,  t h a t  could compe te  w i t h  D N A  in t he  b ind ing  of 
t he  basic  molecules  of po lyarg in ine ,  po ly lys ine  or h is tones .  
Th i s  will p rov ide  ev idence  on t he  degree  of a f f in i ty  of t he  
h is tones ,  po lya rg in ine  and  po ly lys ine  for the  DNA.  We 
can  also see if t he  i n h i b i t i o n  of t he  D N A - p o l y m e r a s e  ac- 
t i v i t y  p roduced  b y  these  can  be  reversed  w i t h  po lyg lu ta -  
mic  and  acidic pro te ins .  
Material and methods. 8-day-old  r a t s  of e i the r  sex f rom a 
h i g h l y  i n b r e d  W i s t a r  s t r a in  were used.  T h e y  were killed b y  
d e c a p i t a t i o n  a n d  u n f r a c t i o n a t e d  h i s tones  a n d  acidic de- 


