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f ib r ino ly t i c  a c t i v i t y  in  t he  va lves  would  no t  r e m a i n  a f te r  
t he  s te r i l i za t ion  p rocedures  used in p r e p a r i n g  t h e m  as 
p ros theses  for h u m a n  aor t i c  va lves  9. 

Zusammen/assung. H e r z k l a p p e n  v o m  Schwein  w u r d e n  
auf  ihre  t h r o m b o p l a s t i s c h e  u n d  f ib r ino ly t i sche  Ak t iv i t / i t  
u n t e r s u c h t .  Die  K o n z e n t r a t i o n  yon  G e w e b s t h r o m b o -  
p l a s t i n  war  in  al len H e r z k l a p p e n  (Segel- u n d  Taschen-  
k lappen)  ger ing u n d  s t i m m t  m i t  der  in  mensch l i ch en  
H e r z k l a p p e n  gemessenen  i iberein.  I m  Gegensa tz  dazu  
weisen S chwe inehe rzk l appen  eine h6he re  f ib r ino ly t i sche  

A k t i v i t ~ t  als mensch l i che  I-Ierzklappen auf, wahr sche in -  
l ich als Folge de r  re icheren  Vasku la r i s i e rung .  
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The Transport  of Various Immune Globulins by the New-Born  Pig Intestine 

The  n e w - b o r n  p ig  o b t a i n s  a pass ive  i m m u n i t y  to  
disease b y  t he  inges t ion  a n d  s u b s e q u e n t  i n t e s t i na l  absorp-  
t ion  of an t ibod ie s  p r e sen t  in  t he  sow's  co los t rum.  The  
a p p e a r a n c e  of the  i n t e s t i n a l  m u c o s a  sho r t l y  a f te r  b i r t h  
suggests  t h a t  p ro t e in  is be ing  endocy tosed  b y  t he  mucosa l  
cell 1, b u t  t he  m e c h a n i s m  wh ich  in i t i a t es  endocy tos i s  or 
t he  m e a n s  b y  wh ich  p ro t e in  leaves  t he  cell is no t  known.  
A n y  d e m o n s t r a t i o n  of se lec t iv i ty  d u r i n g  a b s o r p t i o n  
would  help  to  def ine cond i t ions  cr i t ical  for  t h e  m o v e m e n t  
of p ro t e in  molecules.  The  p r e s e n t  work  was the re fore  
des igned to t e s t  w h e t h e r  i m m u n e  g lobul ins  der ived  f rom 
d i f fe ren t  species would  be  t r a n s p o r t e d  a t  d i f fe ren t  ra tes  
b y  t h e  pig  in t e s t ine  used in v i t ro .  

Materials and methods. Pigle t s  col lected a t  b i r t h  before  
t h e y  could suck t he  sow were kil led b y  d e c a p i t a t i o n  a n d  
eve r t ed  sacs of smal l  i n t e s t ine  fo rmed  and  i n c u b a t e d  in 
b i c a r b o n a t e  sal ine as descr ibed  p rev ious ly  2. I n c u b a t i o n  
was for 2 h a t  37 ~ in m e d i u m  c o n t a i n i n g  glucose, 1 mg/ml ,  
t o g e t h e r  w i t h  a k n o w n  p r e p a r a t i o n  of IgG (final concen-  
t r a t i o n  5 g/100 ml). F lu id  r e m o v e d  f rom the  sacs a t  t h e  
end  of i n c u b a t i o n  was weighed  a n d  samples  l a t e r  ana lysed  
for sod ium us ing  a n  E E L  f l ame  p h o t o m e t e r ,  for glucose 
us ing  t he  glucose oxidase  m e t h o d  of HANSEN 3 an d  for 
I gG  us ing  t he  q u a n t i t a t i v e  i m m u n o d i f f u s i o n  assay  of 
GELL 4. I n t e s t i n a l  sacs were weighed  a t  t he  end  of incuba-  
t ion  a n d  serosal  t r ans fe r s  ca lcu la ted  as a m o u n t  t r ans fe r r ed  
g i n t e s t i n e / h  incuba t ion .  Va lues  h a v e  been  r ep re sen t ed  
in each  case as per  cen t  c h a n g e  f rom va lues  found  in 
t he  presence  of porc ine  IgG to  lessen er rors  due  to  a n i m a l  
va r i a t ion .  Direc t  c o m p a r i s o n s  were m a d e  b e t w e e n  al ter-  
n a t e  sacs, one i n c u b a t e d  in b i c a r b o n a t e  sal ine c o n t a i n i n g  
porc ine  IgG and  t he  o the r  i n c u b a t e d  in sal ine c o n t a i n i n g  
IgG p r e p a r e d  f rom a d i f fe ren t  species. The  s ignif icance 
of a n y  dif ference was assessed us ing  t he  Wi lcoxon  t e s t  5. 
H u m a n ,  equ ine  and  ov ine  v-g lobul ins  (Koch-L igh t  Labs .  
Ltd . )  were s t a t e d  to  con t a in  _> 98% v-globul ins  e s t i m a t e d  
b y  e lec t rophores i s  on  cellulose ace ta te .  The  p u r i t y  of 
bov ine  a n d  porc ine  v-g lobul ins  (Armour  P h a r m a c e u t i c a l  
Co. a n d  P e n t e x  Inc.  respect ive ly)  was s t a t e d  to  be  > 95%.  
All p r e p a r a t i o n s  h a d  been  m a n u f a c t u r e d  us ing  t he  same 
Cohn  f r a c t i o n a t i o n  t echn ique .  

Results and discussion. The  p u r i t y  of these  va r ious  
p ro te ins  was f i rs t  assessed b y  c o m p a r i n g  the i r  s ed imen ta -  
t i on  p a t t e r n s  on  u l t r a c e n t r i f u g a t i o n  (Figure  1). P r o t e i n  
s e d i m e n t i n g  as t he  m a j o r  p e a k  co r responded  to  7S 
g lobul in  ( IgG globulin).  The  smal l  a m o u n t  of ma te r i a l  
wh ich  s e d i m e n t e d  fas te r  was  t h o u g h t  to  cons is t  of 
aggrega ted  IgG. The  p r o p o r t i o n  of aggrega ted  to  7S IgG 

was  lowest  for  ov ine  an d  h ighes t  for porc ine  p repa ra t ions ,  
b u t  t h e  di f ference b e t w een  i n d i v i d u a l  samples  was  small .  
E q u i n e  IgG c o n t a i n e d  a b o u t  5% (w/v) sod ium chlor ide 
a n d  th i s  was  r e m o v e d  b y  dialysis.  T h e  p r o p o r t i o n  of 7S 
to  aggrega ted  Ig G  was n o t  changed  b y  th i s  t r e a t m e n t  or 
b y  s u b s e q u e n t  freeze d r y i n g  (Figure 1 co mp a re  E w i t h  
E(d)) .  Sal t - f ree  equ ine  IgG was used for  al l  f u r t h e r  work.  
T h e  h o m o g e n e i t y  of these  p ro te ins  was n e x t  assessed b y  
compar i son  of t he i r  i m m u n o e l e c t r o p h o r e t i c  p a t t e r n s  
(Figure  2). A n t i b o d i e s  to  porcine,  equ ine  an d  b o v i n e  IgG 
globul ins  h a d  been  ra ised  p rev ious ly  in r abb i t s .  An t i s e ra  
to  h u m a n  a n d  ov ine  IgG l igh t  chains ,  p r e p a r e d  in sheep 
a n d  r a b b i t  respect ive ly ,  were used to  p rec ip i t a t e  t h e  whole 
IgG molecules  f rom these  species. A n t i s e r u m  to bov ine  
Ig G  p roduced  a p rec ip i t in  l ine of p a r t i a l  i d e n t i t y  w i th  
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Fig. 1. Ultracentrifugal patterns obtained using commercial prepara- 
tions of v-globulins prepared from 5 different species. The final 
concentration of each protein, dissolved in phosphate buffer I - 0.1, 
pH = 7.5, was 0.8% w/v. Centrifugation was at room temperature 
for 55 min at 59,780 rpm O, P, B, H and E, ovine porcine, bovine, 
human and equine v-globulins. E(d), equine v-globulin after dialysis. 
A, aggregated globulin. 7S, globulin having a Svedberg coefficient 
of approximately 7S. 
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ovine IgG t h a t  ovine IgG con ta ined  a t  least  2 types  of 
IgG molecule. These were t en t a t i ve ly  ident i f ied as fast  
IgG (IgG1 neares t  the  anode) and  slow IgG (IgG2), 2 sub- 
classes of IgG normal ly  p resen t  in th is  species. Some of 
the  equine IgG moved  faster  t h a n  t h a t  of o the r  species. 
There  were however  no gross differences be tween  the  
5 pro te in  p r epa ra t i ons  and exper imen t s  were therefore  
carr ied out  to  de t e rmine  the i r  var ious ra tes  of t r a n s p o r t  
across the  pig intest ine.  

The mean  contro l  t ransfers  measured  using b ica rbona te  
saline conta in ing  porcine IgG was, for fluid, 0.90 • 0.03 
ml /g .  h;  for sodium, 145 --  7.3 ~zmole/g. h;  for glucose, 
20.0 4- 1.3 [xmole/g. h and for porcine IgG, 82 4- 13.8 
~g/g .  h (45 de te rmina t ions  • S.E.). The porcine IgG 
produced  a single prec ip i t in  line on i m m u n o a s s a y ;  there  
was no evidence to suggest  th is  pro te in  was being degraded  
dur ing  t ransfer .  The serosal t ransfer  of porcine IgG is 
compared  wi th  t h a t  for o ther  samples  in Figure 3. Bovine 
IgG was t r anspo r t ed  more  quickly t h a n  porcine IgG. 
The appa ren t  differences be tween  the  ra tes  a t  which  
ovine, equine and  h u m a n  IgG globulins were t r a n s p o r t e d  
were not  s ta t i s t ica l ly  significant.  I t  should be po in ted  
out  however  t h a t  t he  choice of reference s tandard ,  in 
th is  case porcine IgG, de te rmines  which samples  of IgG 
behave  different ly.  A direct  compar i son  of equine wi th  
h u m a n  IgG globulins for instance,  migh t  well have  
revealed a s ignif icant  difference be tween  the i r  ra tes  of 
t r anspor t .  The serosal t ransfer  of bo th  sodium and  fluid 
was also increased by  bovine bu t  no t  by  o ther  p repara -  
t ions of IgG. The serosal t r ans fe r  of glucose, no t  shown 

in Figure  3, r emained  co n s t an t  whichever  IgG was used 
in the  incuba t ion  medium.  

A p ro t e i n -d ep en d en t  increase in sod ium and  fluid t rans-  
fer wi th  glucose t r ans fe r  r emain ing  unchanged  is also 
found when  bovine p lasma  a lbumin  ba thes  the  ever ted  
pig in tes t ine  ~. The in tes t ine  of t he  new-born  pig resembles  
an amoeba  in th is  respect ,  b o t h  a lbumin  and  globulin 
being effect ive inducers  of pinocytosisT. B u t  if molecules 
as d i f fe rent  in size as a lbumin  and globulin appear  to  
act  in the  same way, t h e n  w h y  should molecules as similar  
as bovine  and porcine IgG behave  d i f ferent ly  ? One 
reason migh t  be t h a t  the  p ropor t ion  of IgG1 to IgG2 
globulin changes  f rom one p repa ra t ion  to another .  These 
2 globulins are t rans fe r red  a t  widely d i f ferent  ra tes  by  
bo th  bovine  8,9 and  ovine TM m a m m a r y  epi thel ia  dur ing  
early l ac ta t ion  and  the  new-born  pig in tes t ine  migh t  also 
select be tween  these 2 sub-classes of IgG. Cer ta inly  one 
should no t  speak abou t  a species specific t r a n s p o r t  of 
IgG unt i l  more  is known abou t  the  ra tes  a t  which  these  
2 sub-classes of IgG globulins cross the  pig intest ine.  
There  is no doub t  however  t h a t  the  pig in tes t ina l  epi the-  
l ium can d i sc r imina te  to some ex t en t  be tween  di f ferent  
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Fig. 2. Immunoelectrophoresis of different IgG preparations. Solu- 
tions of equine (E), human (H), porcine (P), ovine (O) and bovine (B) 
IgG were placed in the wells at a concentration of 1% w/v. Electro- 
phoresis was for 4 h at 7 V/cin in 0.025 M-veronal buffer, pH 8.6. 
Undiluted antisera to the various proteins were then placed in the 
troughs and 12 h allowed for the precipitin reaction to take place. 
AE, AH, AP, AO and AB, antisera to equine, hmnan, porcine, ovine 
and bovine IgG respectively. 
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Fig. 3. The serosal transfers of different IgG preparations measured 
across the everted small intestine of the new-born pig showing the 
effect on sodium and fluid transport. Everted sacs were incubated 
for 2 h at 37 ~ in bicarbonate saline containing a specified prepara- 
tion of IgG at a concentration of 5 g/100 ml. Comparisons were made 
with alternate sacs incubated in medium containing porcine IgG 
(5 g/100 II11). Each histogram gives the mean percentage change 
from 11 or 12 comparisons. Open histograms, no significant change; 
cross-hatched histograms, change significant at the probability level 
p < 0.01 for sodium and fluid, P - 0.1 for bovine IgG. B, E, O 
and H, preparations of bovine, equine, ovine and human IgG. 
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p repa ra t ions  of IgG globulins and th is  alone is suff ic ient  
reason to  ques t ion  the  cur ren t  belief 11 t h a t  the  absorp t ion  
of pro te in  in th is  species is by  a process which  is ent i re ly  
non-select ive  13. 

Resumen. E1 in tes t ino  delgado del cerdo reci6n nacido, 
usado in vi tro,  t r a n s p o r t a  immunoglobu l ina  G (IgG) de 
bovino  mAs rApido que IgG de porcino. E1 t r a n s p o r t e  
in tes t ina l  t a n t o  de sodio como de fluido a u m e n t a  en pre-  
sencia de IgG de bovino.  Preparac iones  de IgG de ovino, 
equino y h u m a n o  son t r anspo r t adas  a igual velocidad 
que IgG de porcino. Es t a s  pro tefnas  no es t imulan  la 
t ransferenc ia  de sodio o fluido. E s t a  diferencia en la 
velocidad de t r anspo r t e  ent re  IgG de bovino y porcino 
pone  en d u d a  la opinion general  que sost iene que la 

absorci6n de p ro te lna  en el in tes t ino  de cerdo es en tera-  
men te  no selectiva.  
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Transformation of Pha~e-Resistance in Bacillus 

The occurrence of t r ans fo rma t ion  has now been con- 
f i rmed in d i f ferent  bacter ia l  species. A wide range of 
bacter ia l  charac te rs  are t ransformable1.  

There  are as ye t  no repor t s  of t r ans fo rma t ion  of phage-  
resistance,  b u t  the  p r e s e n t  inves t iga t ions  show how 
t r ans fo rma t ion  of phage-res is tance  can occur. 

Fo r  t r an s fo rm a t ion  the  rec ip ient  s t ra in  Bacillus sub- 
tilis 168 M t r y -  phs  (SPO-1 phage  sensitive) was used. 
Phage - re s i s t an t  spon taneous  m u t a n t  was isolated f rom 
the  hos t  bac te r ia  and  des igna ted  168 M t r y -  phr .  The 
m u t a t i o n  ra tes  was 8.32 • 10-~ calculated to LURIA and  
DELBROCK3. Three  bacter ia l  s t ra ins  were used as donors  
of t r ans fo rming  DNA. One of t h e m  was B. subtilis Mar- 
burg. The o ther  2 p ro to t roph ic  bacter ia l  s t ra ins  168 M 
try+ phs  and  168 M t ry  + p h r  were ob ta ined  b y  t rans-  
fo rmat ion  of 168 M t r y -  phs  and  168 M t r y -  ph r  sponta-  
neous m u t a n t  using D N A  of B. subtilis Marburg.  

The p repa ra t ion  of op t ima l  c o m p e t e n t  cells and the  
t r an s fo rma t ion  procedure  were previous ly  descr ibed in 
detai l  3. 

To show t h a t  t he  phage- res i s tance  t r an s fo rma t i o n  is 
connec ted  wi th  the  D N A  isolated f rom phage- res i s t an t  
s train,  the  following expe r imen t  was made.  Compe ten t  
168 M t r y -  phs  cells were used in t he  t r an s fo rma t i o n  
exper iment .  Three  kinds of DNAs were used wi th  a f inal  
concen t ra t ion  of abou t  2 ~zg/ml. The bac te r i a l -DNA 
mix tu res  were  shaken  for 30 min  in t he  w a t e r - b a t h  a t  
37~ and  0 . 2 m l  were then  measured  in to  3 100ml  
E r l enmeye r  flasks f i t ted  wi th  side arms in which  were 
10 ml  MG liquid media  s conta in ing  0.1% casein hydro-  
lysate.  The incuba t ion  was cont inued  till  the  suspensions  
reached  0.3 opt ical  dens i ty  values  (9-10 h). The try+ phs  

The number of try + phs and try + phr transformants/ml and the 
frequency of try + phr cells after transformation, using different 
kinds of DNA 

DNA from 
168 M 168 M B. subtilis 
try + phr try + phs Marburg 

try + phs 1.23 x 10 s 8.03 • l0 T 1.03 x 108 
try + phr 9.20 • 105 2.38 • 103 1.27 x 108 

Frequency of 7.50 • 10 -8 2.96 • 10 -5 1.23 • 10 -s 
try + phr 

subtilis 

t r a n s f o r m a n t s  were selected on MG agar  3. The phage-  
res i s tan t  t r a n s f o r m a n t s  were selected as t ry+ p h r  cells 
using SPO-1 phage  as a selective agent  pe rmi t t i ng  the  
de tec t ion  of t he  phage- res i s t an t  t r an s fo rman t s  p resen t  
in the  popula t ion .  The resul ts  are seen in the  Table.  

I t  is seen t h a t  the  f requency  of the  phage- res i s t an t  
cells is 7 . 5 •  -a in the  case of the  bac te r ia l -DNA 
mix tu re  conta in ing  D N A  isolated f rom the  phage-  
res i s tan t  s t rain.  In  the  o ther  2 cases, where  the  donor  
s t ra ins  were sensit ive,  the  frequencies  of the  phage-  
res i s tan t  cells are very  low. The n u m b e r  of phage- res i s tan t  
ceils in these  cases was near ly  the  same as the  n u m b e r  of 
spon taneous  phage- res i s t an t  m u t a n t s  among  the  168 M 
t r y -  phs  ceils. 

The curve of compe tence  was de t e rmined  by  the  n u m b e r  
of t ry  + phs  and  try+ ph r  t r ans fo rman t s .  In  b o t h  cases 
the  beginnings  and  the  peaks  of compe tence  occur near ly  
a t  the  same t ime,  bu t  do no t  run  parallel  wi th  each other.  

T rans fo rma t ion  procedure  was carried out  using dif- 
ferent  concen t ra t ions  of DNA prepared  f rom 168 M try+ 
ph r  bacter ia l  strain.  The n u m b e r  of t ry+ phs t ransfor -  
m a n t s  gave a s t ra igh t  line in the  coordinate ,  b u t  t he  
curve of the  n u m b e r  of t ry+ ph r  t r ans fo rman t s  did no t  
run  parallel  w i th  it. I t  seems t h a t  the  try+ and  ph r  
markers  are no t  l inked. 

The n u m b e r  of t ry+ phs  t r a n s f o r m a n t s  rose quickly 
to a h igh level dur ing t r ans fo rma t ion  and the  pheno typ i c  
lag was  a b o u t  5 h. The try+ ph r  t r ans fo rman t s  appeared  
only af ter  6 h 30 min  incubat ion .  

The f requency  of t r a n s f o r m a t i o n  for t ry+ phr  marker  
compared  to  t ry+ phs  marker  was abou t  0.12-0.032% 4. 

Zusammenfassung. Mit Hilfe von  ex t rah ie r te r  D N S  
wurde  der  genet ische  <,Marker,> der  Phagenres i s tenz  auf 
phagensens ib le  Bakte r ien  t iber t ragen.  
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