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Agglutination of prednisolone treated cells by wheat germ agglutinin 

Agglutinin Agglutination reaction 
concentration 
(mllml cell Henle HeLa S 3 

suspension) Prednisolone Control Prednisolone Control 

0.100 ++++ +++ ++++ +++ 
0.075 +++ +++ +++ ++ 
0.050 +++ +++ +++ ++ 
0.025 ++ ++ ++ + 
0.010 ++ ++ + 0 
0.005 + 0 + 0 
0.000 0 0 0 0 

Effects of neuraminidase on the agglutination of HeLa $3 cells by 
wheat germ lipase. Photographs 1A, 2A and 3A cells grown in the 
presence of prednisolone; 1B, 2B and 3B cells grown without 
prednisolone; 1, wheat germ agglutination (0,025 ml/10 ~ cell suspen- 
sion), 2 same as 1 hut pretreated with 5 units of neuraminidase, 3 
control suspension. 

suspended  in saline to  a dens i ty  of 1 × 10 ~ cells/nil. W h e a t  
germ lipase pu rchased  f rom Sigma Chemical  C o m p a n y  
was t r ea t ed  according  to  t he  p rocedure  descr ibed  by  BUR- 
GER and  GOLDBERG 4. The  homogen ized  e n z y m e  p repara -  
t ion was  hea t ed  a t  63°C for 15 rain and cent r i fuged .  The 
clear  s u p e r n a t e  was  used as t he  source  of agglut inin .  No 
fu r the r  pur i f ica t ion  of t he  p r e p a r a t i o n  was  a t t e m p t e d .  
The  agg lu t ina t ion  assay  was pe r fo rmed  accord ing  to  t h e  
p rocedure  of AUB, TIESLAU a n d  LANKESTER 3 and  scored as 
descr ibed  in the i r  paper .  

Resu l t s  of one  such e x p e r i m e n t  are  shown  in t he  Table.  
T h e y  ind ica te  t h a t  p r e t r e a t m e n t  wi th  p redn i so lone  resul- 
ted  in a qua l i t a t ive  and q u a n t i t a t i v e  change  in the  agglut i -  
na t ion  p a t t e rn .  In  b o t h  cell lines agg lu t ina t ion  in s te ro id  
t r ea t ed  cells was cons iderab ly  s t ronger ,  moreove r  it was 
de t ec t ab l e  a t  h igher  d i lu t ions  of the  w h e a t  germ agglut i -  
nin. In  order  to check the  effect  of neu ramin idase  on cell 
agglu t ina t ion ,  the  cells were t r e a t ed  before add i t ion  of 
agglu t in in  for 1 h a t  37°C wi th  puri f ied neu ramin idase  
f rom Clostridium per#ingens (5 uni ts /10 e cells). As shown 
in t he  Figure  the  agg lu t ina t ion  of b o t h  s t e ro id - t r ea t ed  and  
con t ro l  cells was abol ished by  the  t r e a t m e n t  wi th  neurami-  
nidase.  

At  the  p re sen t  t ime  it is too ear ly  to  specula te  upon the  
s ignif icance of these  results .  As sugges ted  by  KRAEMER 8 
the  increased sialic acid c o n t e n t  reflects  an increase in t he  
surface area  of t he  cells which  is also one of t he  resul ts  of 
s tero id  t r e a t m e n t .  On the  o the r  hand ,  p redn iso tone  could 
modi fy  the  s t ruc tu r e  of the  cells in such a way  as to  expose  
more  sialic acid groups  to  t he  ac t ion  of agg lu t in inL  

Zusammen/assung. In  mensch t i chen  Zel lkul turen  mi t  
Zugabe  von  Predniso lon  wird  die Agglu t in ie rbarke i t  der  
Zellen du rch  den  Einf luss  der  Weizenke iml ipase  ges te iger t .  
D i e V o r b e h a n d l u n g  mi t  Sialidase (N-Ace ty lneuramin idase )  
v e r h i n d e r t  die Agglu t ina t ion ,  was auf  eine H o r m o n w i r -  
kung  an der  Ze l lmembran  hinweis t .  
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E f f e c t  o f  E r y t h r o p o i e t i n  o n  R e d  C e l l  D i f f e r e n t i a t i o n  B i n d i n g  o f  E r y t h r o p o i e t t n  t o  D N A  

I t  is now well e s tab l i shed  t h a t  e ry th ropo ie t in  is involved  
in red cell d i f fe ren t ia t ion  1. A l though  its mechan i sm of 
ac t ion  is no t  fully unders tood ,  t he  o u t s t a n d i n g  work  of 
KRANTZ et  al. * suggests  t h a t  its mode  of ac t ion can be ex- 
p la ined  t h r o u g h  the  genet ic  ac t iva t ion  hypo thes i s  pos tu-  
la ted  by  MONOD and  JACOBL Such a hypo thes i s  implies, 
(1) ident ica l  s t ruc tu re  of t he  D N A  in all the  cells f rom 
d i f fe ren t  t issues wi th in  an  organism,  (2) p e r m a n e n t  re- 
press ion of a given region of the  D N A  t h r o u g h  the  differ- 
en t  s tages  of t he  d e v e l o p m e n t  of such organism,  and  (3) 

r emova l  of t he  repressor  in a par t i cu la r  cell by the  differ-  
en t i a t ion  fac tor  or corepressor  while the  same region in 
t he  res t  of t he  cells remains  unaffected.  In the  case of 

1 A.S. GoRDON, Phys. Rev. 39, 1 (1959). 
2 S.B. KRANTZ and E.GOLDWASSER, Biochim. biophys. Acta 103, 

325 (1965). 
a S. MoNoo, and F. JACOB, Cold Spring Harb. Symp. quant. Biol. 26, 

389 (1961). 
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e ry thropoie t in ,  i ts mechan i sm of act ion as a corepressor is 
ma in ly  based on  2 facts,  (1) s t imula t ion  of t h e  synthesis  of 
an  appa ren t  m - R N A ,  and (2) b locking of e ry th ropo ie t in  
s t imula t ion  by  the  admin i s t r a t ion  of ac t inomycin  z. The  
purpose  of this  paper  is to  present  ev idence  t h a t  e ry thro-  
poie t in  can  bind to  t he  D N A  from cer ta in  t issues and t h a t  
this  is possibly re la ted  to its mechan i sm of action.  

Methods. Sheep e ry th ropoie t in  purif ied by  the  proce- 
dure  of GOLDWASSER et al. 4 hav ing  a specific ac t iv i ty  of 22 
coba l t  un i t s /mg  of pro te in  was assayed by  the  ra te  of in- 
corpora t ion  of F e  ~9 into  t h e  h a e m  molecule  when  bone  
mar row cells were  grown in t issue cu l ture  by  a s imilar  
procedure  descr ibed by  KRANTZ et  alfl. Mixtures,  s teri l ized 
by  f i l t ra t ion th rough  0.45 /z pore  filter, conta ined,  in a 
f inal  v o l u m e  of 2.5 ml ;  5 / ,C  of Fe  59, 2.25 ml  of NCTC-cal f  
se rum (50:50), 250 uni ts  of penicillin, 15 X l0 s bone mar-  
row nuclea ted  cells f rom 200-250 g Sprague-Dawley  ra ts  
and sample.  Cultures  were incuba ted  in 30 ml  po lys ty rene  
flasks in a Na t iona l  wa t e r  j acke ted  incuba to r  a t  37 ° C under  
an a tmosphere  of 5% CO~-air. A t  d i f ferent  per iods  of t ime,  
usual ly  40 h, incuba t ions  were s topped  b y  cen t r i fuga t ion  
a t  4,000 r p m  for 15 min  in a por t ab le  centr i fuge.  The  pre- 
c ip i ta tes  ob ta ined  were each washed  twice  wi th  2 ml  of 
0.9% NaC1 and the  resul t ing suspensions cent r i fuged  as 
ment ioned .  Porphyr ins  were ex t rac ted  f rom the  precipi-  
t a t ed  cells by  shaking t h e m  overn igh t  a t  4°C wi th  5% 
(v/v) HCl-acetone.  The  debris  was r emoved  f rom the  ex- 
t r ac t s  by  cent r i fuga t ion  in a SM24 Sorval l  head  in a 
R C - 2 B  SorvalI  centr i fuge set  to  4°C and  15,000 r p m  for  
1 h. Most  of t he  Fe  5° (98-99%) was con ta ined  in t he  h a e m  
which  was ident i f ied by  pape r  c h r o m a t o g r a p h y  s fol lowed 
b y  au to rad iography .  T h e  r ad ioac t iv i t y  con ta ined  in t he  

F e  ~° haem was measured  by  placing a l iquots  of t he  above  
men t ioned  ex t rac t s  in a l u m i n u m  planche ts  in a 151 A 
Nuclear  Chicago end window counter .  Porphyr ins  in t he  
ex t rac t s  were  de te rmined  by  measur ing  the  absorp t ion  a t  
400 nm using equine  h a e m a t i n  I I I  as s t a n d a r d L  D N A  was 
ex t r ac t ed  f rom the  brain, bone marrow,  kidney,  l iver,  
spleen and t h y m u s  of Sprague-Dawley  rats  (200-250 g 
body  weight)  by  the  me thod  of KIRBY s. The  fibrous pre- 
c ip i ta te  conta in ing  D N A  and ob ta ined  by  this  procedure  
was dissolved in t h e  m i n i m u m  v o l u m e  of 40 m M  Tris-C1 
(pH 7.4) conta in ing  10 m M  CaC12. To  this  mix ture ,  1 m g  
of t rypsin,  (purified according to  NORTHROP et  al2) was 
added  and the  whole  incuba ted  a t  room t e m p e r a t u r e  for 
6 h. Fol lowing incuba t ion  the  D N A  was again ex t r ac t ed  
by  the  m e t h o d  of KIRBY. Samples  of 0.2 ml  of the  D N A  
(0.2 rag) ob ta ined  f rom the  different  organs, toge ther  wi th  
5 cobal t  units  of e ry thropoie t in ,  D N A  alone or  e ry thro-  
poie t in  alone were  appl ied on the  top  of 4.6 ml  l inear  
sucrose dens i ty  gradients  of densit ies ranging  f rom 1.01 a t  
t h e  t op  to  1.10 a t  t he  bo t tom.  The  tubes  conta in ing  t h e  
gradients  and  samples  were  p laced in a S.W. 39 head  and  
cent r i fuged  in a Spinco L-4 u l t racent r i fuge  set  a t  38,000 
r p m  and 4°C for 10 h. Af te r  cen t r i fuga t ion  the  bo t toms  of 
t he  tubes  were pierced, 30 fract ions were collected and the  
260 n m  absorp t ion  in each fract ion de termined.  Af te r  
dialysis agains t  wa te r  each f rac t ion was assayed for 
e ry thropoie t in  ac t iv i ty .  P ro te in  was de te rmined  by  the  
procedure  of LOWRY et  al, 1° and amino  acids wi th  nin- 
h y d r i n l L  All  the  opera t ions  were pe r fo rmed  a t  4°C unless 
o therwise  indicated.  

Results. All t h e  d a t a  p resen ted  are  m e a n  of 2 experi-  
ments .  E r y t h r o p o i e t i n  a c t i v i t y  was de t ec t ed  in the  260 n m  
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Fig. 1. Binding or erythropoietin to DNA from bone marrow. Sucrose 
density gradient eentrifugations containing bone marrow DNA (I) 
erythropoietin (II) and bone marrow DNA plus erythropoietin (III) 
were performed as described in 'Methods'. Hormone activity assays 
before (o) and after being treated with DNAase (0t) were determined 
as described in the text. The same phenomenon was observed with 
DNAs from liver, spleen and thymus. DNA ( • ) was measured by the 
260 nm absorption. 
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Fig.2. Lack of binding of erythropoietin to DNA from brain. Experi- 
mental procedure as described in Figure 1. 
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absorbing peak  of  t h e  D N A  from bone marrow,  liver, 
spleen and  t h y m u s  (Figure  1). However ,  no ac t i v i t y  was 
found in th is  region when  the  D N A  used c a m e  f rom bra in  
and k idney  (Figure 2). An  addi t iona l  peak  of e ry thro-  
poie t in  a c t i v i t y  was found in t he  region corresponding to  
free e ry thropoie t in  (Figure 1). The  presence of D N A  in the  
260 n m  absorbing  peak  was shown by  the  d isappearance  
of t he  absorp t ion  af ter  t he  t r e a t m e n t  of each f rac t ion wi th  
0.02 m g  of bov ine  pancrease  D N A a s e  (purified by  the  
procedure  of KUNITZ 12) for 16 h and 4°C fol lowed by  
thorough  dialysis against  water .  No effect  of t he  D N A a s e  
and D N A  peak  on the  e ry th ropo ie t in  ac t i v i t y  was found 
(Table I). E ry th ropo ie t i n  a c t i v i t y  f rom appa ren t ly  bound  
and free peaks d isappeared  af ter  t r e a t m e n t  of each frac- 
t ion  w i t h  2 / , g  of t ryps in  in 40 m M  Tris-C1 (pH 7.4) and  
10 m M  CaC1 z / o r  2 h a t  room tempera tu re .  The  enzyme  
react ion was t e rmina t ed  by  chil l ing the  corresponding 
f rac t ion in crushed ice fol lowed by  thorough  dialysis 
agains t  water .  No  de tec tab le  prote in  was found in any  of 

Table I. Effect of brain and kidney DNAs on erythropoietin activity 

Fe ~° epm]/tg Haem 

Control 8,600 

Control after DNAase digestion 9,750 

Brain DNA pool 
0.1 ml 9,150 
0.2 ml 8,750 

Brain DNA pool after DNAase digestiolt 
0.2 ml 10,200 

Kidney DNA pool 
0.1 ml 8,300 
0.2 ml 8,850 

Kidney DNA pool after DNAase digestion 7,500 

Main fractions corresponding to pools from brain and kidney 260 nm 
absorbing peaks from a similar experiment to Figure 2 were tested for 
erythropoietin activity as described in 'Methods' after the addition of 
0.2 cobalt units of erythropoietin. DNAase digestion was performed 
as described in the text. 

Table IL Effect of trypsin digestion on the erythropoietin activity 

Fe s~ cpm///g Haem 

Control without erythropoietin 850 
Control after trypsin digestion 930 
Bound erythropoietin 2,620 
Free erythropoietin 4,600 
Bound erythropoietin after trypsin digestion 760 
Free crythropoietin after trypsin digestion 1,120 

Pooled fractions containing free and bound erythropoietin-bone mar- 
row DNA from a similar experinlent to that shown in Figure 1 were 
incubated with trypsin as described in the text and then erythro- 
poietin activity determined according to 'Methods'. DNAs from bone 
marrow, and spleen were tested. 

the  D N A  samples.  Similarly,  fol lowing t ryps in  digest ion 
no amino  acids could be de tec ted  in t he  dia lyzate .  Expe r i -  
men t s  where  dena tu red  D N A  was used for t h e  exp lora t ion  
of the  b inding  proper t ies  of e ry th ropoie t in  to  D N A  were 
unsuccessful.  

Discussion. The  resul ts  descr ibed in th is  paper  show t h a t  
the  ab i l i ty  of e ry thropoie t in  to  b ind  to  D N A  depends  to  a 
large ex t en t  upon  the  t issue source of D N A .  Whi le  e ry thro-  
poie t in  appa ren t l y  binds to  the  D N A  ex t r ac t ed  f rom bone 
marrow,  l iver,  spleen and thymus,  a s imilar  behav iou r  was 
n o t  shown by  the  D N A  of bra in  and kidney.  I t  is a t t r a c t i ve  
to suggest  t h a t  small  chemica l  differences exis t  in the  D N A  
ex t rac ted  f rom di f ferent  tissues and which were  respon-  
sible for the  b inding  or  e ry th ropoie t in  to  cer ta in  of the  
DNAs.  However ,  i t  is also possible, t h a t  the  p repara t ions  
of D N A  which bound e ry th ropo ie t in  were impure  and  t h a t  
i t  was the  i m p u r i t y  which was responsible  for the  binding.  
F r o m  the  ex t rac t ion  procedure  i t  would  seem t h a t  the  
mos t  l ikely c o n t a m i n a n t  would  be  protein ,  however ,  no 
p ro te in  was de tec ted  in any  of the  D N A  prepara t ions  and 
no amino  acids were  found in t he  d ia lyza te  fol lowing dial- 
ysis of the  t ryps in  digestions.  I t  would  seem likely, then,  
t h a t  differences do exis t  in the  D N A  ex t r ac t ed  f rom differ- 
en t  t issues and  t h a t  these differences are  responsi lbe for 
the  d is t inc t  behav iour  of some D N A  prepara t ions  in b ind-  
ing e ry thropoie t in .  These differences mus t  be  v e r y  small  
since the  neut ra l iza t ion  b inding of D N A  from one m a m -  
mal ian  source to  t h a t  of ano the r  is a lways  the  same is. 
Since all D N A  wi th in  an  organism ini t ia l ly  comes f rom the  
same origin these differences m u s t  h a v e  or ig inated  dur ing  
the  d e v e l o p m e n t  of t he  organism. I t  is suggest ive  there-  
fore, t h a t  e ry th ropoie t in  and similar  factors  could be in- 
vo lved  in th is  process t h rough  the  b inding to  a pa r t i cu la r  
region of the  D N A .  Such a b inding  would  imply  t h a t  
e ry th ropoie t in  is capable  of s t imula t ing  cell division,  D N A  
synthesis  and also able to  modi fy  the  message conta ined  
in the  D N A  at  the  t ime  i t  is t ransfer red  to t he  daugh te r  cells. 
Ver i f ica t ion of this  hypothes i s  would  requi re  a s tudy  of 
the  phys ico  chemical  proper t ies  of t he  d i f ferent  fract ions 
of the  D N A  isolated by  conven t iona l  methods .  The  bind-  
ing proper t ies  which  e ry th ropo ie t in  possesses towards  
D N A  ex t rac ted  f rom cer ta in  t issues could then  be  used as 
a m a r k e r  to  ident i fy  these D N A  por t ions  wi th  th is  
charac ter i s t ic  i,. 

Zusammenlassung. Die FNaigkei t  der  D N S  verschiede-  
n e t  Ra t t engewebe ,  E ry th ropo ie t in  zu binden,  wurde  durch  
Dif ferent ia lzent r i fugat ion  im Sucrosegradien t  un tersucht .  
Es  e rgab  sich, dass D N S  yon  K n o c h e n m a r k ,  Leber ,  Milz 
und T h y m u s  E ry th ropo ie t i n  binden,  D N S  yon  H i m  und  
Nieren E ry th ropo i t e in  h ingegen n ich t  zu b inden  verm6gen .  
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