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socia ted  by  urea  into 4 sub-uni ts :  one which  does no t  
pene t r a t e  t he  gel, ano the r  wi th  low mobi l i ty  and  2 faster  
moving  subuni ts .  Collagen polymer ized  in the  presence 
of factor  XI I I~  is dissociated into 1 sub-uni t  which  does 
n o t  pene t r a t e  t he  gel, and a series of slow mov ing  units.  
There  are no fas t  moving  sub-uni ts .  An ident ical  p a t t e r n  
to  t h a t  observed  in the  absence of factor  X I I I  is ob ta ined  
when  fac tor  XII I~  is previously  incuba ted  wi th  MIA. 
W h e n  fac tor  X I I I a  incuba ted  wi th  GME is used, the  
resul ts  closely resemble those  ob ta ined  in the  absence of 
factor  X I I I ,  a l though  small  var ia t ions  are noted .  

3. Cont ras t  phase  microscopic examina t ion .  As shown 
in Figure 2, it  seems t h a t  collagen fibres are assembled 
in bunches  in 3 cases: in the  absence of factor  XI I Ia ,  in the  
presence of fac tor  XI I I~  previously  incuba ted  wi th  GME 
or MIA and  in the  presence of t h r o m b i n  (the enzyme 
necessary  for factor  X I I I  act ivat ion) .  In  t he  presence of 
factor  XII I~ ,  on the  o ther  hand,  the  fibres become tangled  
and  never  appear  in l inear pa t t e rn .  

Discussion. The collagen molecule is made  up of 3 
chains  (2 el-chains,  and i e2-chain) in ter l inked by  hydrogen  
bonds  and  a few covalent  links of the  Schiff base t ype  5 
According to the  previous l i te ra ture  6 and consider ing the  
results  of the  po lyacry lamide  gel e lectrophoresis  experi-  
ments ,  collagen polymer ized  in the  absence of factor  
X I I I  is dissociated into 3 types  of e lements  af ter  incu- 
ba t ion  wi th  urea and SDS:  7-e lements  m a d e  up of 
~-trimers,  which  does no t  pene t r a t e  the  gel; fl-elements, 
made  up of ~-dimers, wi th  low mobi l i ty ;  and the  e~- and 
~ -cha ins ,  sub-uni t s  of fas ter  mobil i ty .  On the  o ther  hand ,  
collagen polymer ized  in the  presence of factor  XlII~, is 
dissociated in the  same condit ions,  into only 2 types  of 
sub-uni ts :  the  first  which does no t  pene t r a t e  the  gel and 
the  second slow migrat ing,  consis t ing of ~-dimers. No 
isolated el- or e2-chains are found. The de t e rmina t ion  of 
the  molecular  weigh t  of the  different  sub-uni ts  f rom thei r  
mobi l i ty  is impossible,  because of the  fibrillar (and not  
globular) s t ruc ture  of the  2 chains of the collagen mole- 
cule 7. These results  suggest  t h a t  fac tor  X I I I a  br ings  about  
the  fo rmat ion  of s table  bonds  be tween  the  collagen 
chains  (absence of isolated chains).  Fu r the rmore ,  since 
factor  X I I I ~  induces a decrease in the  q u a n t i t y  of collagen 
polymerized,  these links p robab ly  block the  sites used 
for hydrogen  bonding  which is necessary  for polymer iza-  
t ion.  

The resul ts  ob ta ined  by  phase  con t ras t  microscopy 
seem to suppor t  th is  in termolecular  l inkage hypothes is .  
Indeed,  collagen polymer ized  in the  absence of factor  XI I I~  
seems to  be organized in to  bunches,  whereas ,  in the  
presence of factor  XI I I~  the  fibres seem assembled at  
r andom.  

The fo rma t ion  of s table  bonds  seems due to  factor  
XIII~.  Indeed,  the  polymer iza t ion  of collagen (quan t i ty  of 
collagen polymerized,  PAG electrophoresis  and  con t ras t  

phase  microscopy) is s imilar  - when  factor  X I I I  is absen t  
- or when  t h r o m b i n  is added  (coagulation pro teo ly t ic  
enzyme used for the  ac t iva t ion  of factor  X I I I ) ,  or w h e n  
factor  XI I I~  is prev ious ly  incuba ted  wi th  MIA ( inhibi tor  
of t he  fac tor  X I I I  ac t iv i ty ,  on f ibrin stabil izat ion,  b y  
a lkyla t ion of its sulfhydri l  groups  s) is used. Fu r the rmore ,  
the  increase in the  q u a n t i t y  of polymer ized  collagen and  
the  bunch ing  of fibres observed by  phase  con t r a s t  micro- 
scopy, when  GME is added  to factor  XIII~,  seems to  
prove  t h a t  factor  X I I I ~  p romotes  the  fo rma t ion  of 
t r a n s a m i d a t i o n  bonds,  as in fibrin s tabi l iza t ion (GME is 
an inhibi tor  of the  t r a n s a m i d a t i o n  reaction).  In  th is  in- 
s tance,  however ,  the  p a t t e r n  of collagen sub-uni t s  in 
PAG electrophoresis  is no t  ident ical  wi th  the  one 
observed  in the  absence  of factor  X I I I  (the percen tage  of 
isolated chains  of collagen seems sl ight ly less impor tan t ) ,  
p robab ly  because GME is a compet i t ive  inhibi tor .  

To conclude,  our  results  suggest  t h a t  fac tor  X I I I ~  
brings abou t  t he  format ion,  be tween  the  collagen molecule 
cons t i tuents ,  of t r a n s a m i d a t i o n  bonds  (similar to those  
ob ta ined  by  the  act ion of factor  XI I I~  on fibrin) and  
induces a decrease in the  q u a n t i t y  of col lagenpolymer ized ,  
p robab ly  by  blocking the  groups involved in the  forma-  
t ion of hydrogen  bonds.  This ac t ion of factor  X I I I  
possibly accounts  for its impor tance  in normal  healing. 

Summary .  Fac to r  X l I I  induces a decrease and a 
modi f ica t ion  in the  collagen polymer iza t ion ,  p robab ly  due 
to  the  fo rma t ion  of t r an s ami d a t i o n  bonds.  This p r o p e r t y  
has some impor tance  in wound  healing. 
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The Solubi l i ty  Propert ies  of Granulopoies i s  Inhibit ing Factor 

Granulopoiesis  inhibi t ing factor  (GIF) is a pos tu la ted  
humora l  regula tor  of cell p roduc t ion  which  is released by  
ma tu re  granulocytes ,  and which,  by  a nega t ive  feedback 
mechanism,  inhibi ts  the  p roduc t ion  of myeloid  ceils in the  
bone  marrow.  The biological proper t ies  of GIF,  especially 
its exclusively specific ac t ion on granulopoiesis  x-5, have  
been  in t e rp re t ed  as G I F  being the  chalone of the  granu-  
locytic sys tem.  A t t e m p t s  to pur i fy  th is  subs tance  have  so 
far  been only par t ia l ly  successful a, 2, 6-s. In th is  paper ,  the  
solubi l i ty  proper t ies  of G I F  in a series of d i f fe rent  solvents  
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Extraction of GIF with 1-butanol 

cpm 3H-TdR/106 cells/30 min 

Controls 
0.01 M Phosphate buffer 6032 ~ 150 
Untreated GIF-solution 2189 ~_ 230 

Extraction from 0.01 M HC1 
Butanol-phase 5878 -t- 95 
Aqueous phase 1452 4- 35 

Extraction from 0.01 M ammonia 
Butanol-phase 6133 -E 120 
Aqueous phase 1769 4- 41 
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Fig. 1. Extraction of GIF adsorbed to cellulose into aqueous solvents. 
0, control (untreated GIF solution); It, water; A, 10% pyridine, 
I~, 10% acetic acid, The data points represent the mean of 4 parallel 
determinations, standard deviations are indicated as bars. Open 
symbols (�9 [] & (]~) represent the respective buffer controls. 
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Fig, 2. Extraction of GIF from cellulose into organic solvents. 
0, control (untreated GIF solution); A, ethanol-acetone (9:1); 
m, chloroform-methanol (1 : 1) ; ~ ,  chloroform. The mean of 4 parallel 
determinations and the standard deviations are given. Open symbols 
(�9 A [] (~) represent the respective buffer controls. 

have  been  inves t iga ted  in order  to  ex t r ac t  G I F  f rom 
biological mater ia l  w i t h o u t  s imul taneous ly  ex t rac t ing  
large a m o u n t s  of con taminan t s .  

Methods and materials. Preparation and assay o / G I F .  
The p repa ra t ion  of G I F  f rom ra t  bone mar ro w  condi-  
t ioned  med i u m and  its pa r t i a l  pur i f ica t ion by  column 
c h r o m a t o g r a p h y  on Sephadex  G-25 and  G-15 have  been  
descr ibed elsewhere 2. The de t e rmina t ion  of inh ib i to ry  
ac t iv i ty  is based on the  m e a s u r e m e n t  of t hymid ine  in- 
corpora t ion  in to  bone mar row cells in vi tro.  The cul tures 
con ta ined  in a f inal  volume of 0.3 ml :  106 bone mar row 
cells, 0.2 ml  RPMI-1640-medium,  0.02 ml fe ta l  calf serum, 
0.01 ml  horse  serum, 0.05 ml  of t he  GIF-so!ut ion,  30 m M  
morphol ino-propane-su l fon ic  acid (pK = 6,7) 0. Af ter  
90 rain a t  37~ 0.5 ~Ci 3H-Thymidine  (sp. ac t iv i ty  
20,000 mCi/mmole)  were added  and  the  cul tures  were 
t e r m i n a t e d  a t  120 min.  The  rad ioac t iv i ty  in t he  t r ichlo-  
roacetic  acid insoluble mater ia l  was de t e rmined  according 
to  SOss and  VOL~a 10. 

Extraction with l-butanol. The G I F  solut ion was made  
0.01 M in HC1 and  ex t r ac t ed  4 t imes  wi th  an equal  vol- 
ume of 1-butanol  equi l ibra ted  wi th  0.01 M HCI. The 
combined  organic layers  and the  aqueous phase  were 
evapora t ed  to dryness  in vacuo over  K O H  and P205. 
The residues were dissolved in wa te r  and al iquots  were 
r emoved  for the  G I F  assay. The residue f rom the  aqueous 
layer  was made  0.01 M in ammo n i a  and  ex t rac ted  4 t imes  
wi th  an equal  volume of 0.01 M NH3-sa tu ra ted  1-butanol.  
The organic and  aqueous phases  were t r e a t ed  as de- 
scribed and  al iquots  were used for the  GIF-assay .  

Solubility o~ solid G I F  in various solvents. The G I F  
solution,  which  was essent ial ly  a solut ion in 10 m M  
phospha t e  buffer,  was appl ied in por t ions  of 200 V1 to  
small  s t r ips  of W h a t m a n  3 M M  paper ,  which were pre-  
t r ea ted  wi th  the  solvents  used la ter  for the  ex t rac t ion  of 
GIF.  Af te r  drying,  the  s t r ips  were immersed  in 5 ml of 
the  following solvents :  a) water ,  b) 10% acetic acid, 
c) 10% pyridine,  d) e thano lace tone  (9: 1, v/v),  e) chloro- 
form, f) ch lo ro fo rm-methano l  (1:1, v/v).  Af ter  5 h a t  
room t empera tu re ,  the  s t r ips  were  r emoved  and the  
solvents  evapora t ed  in vacuo over  K O H  and  P205. The 
residues were dissolved in 0.2 ml  10 m M  phospha te  buffer  
(or water  in t he  case of aqueous  solvents} and  the  bio- 
logical ac t iv i ty  was de te rmined .  10 m M  phospha t e  buffer  
appl ied to 3 MM str ips  and t r ea t ed  in the  same way  was 
used as control .  

Results and discussion. Butanol-extraction. The effect of 
al iquots  of the  ex t rac t s  on the  t hymid ine  incorpora t ion  
in to  bone  mar row ceils showed t h a t  the  inhib i t ing  ac t iv i ty  
remained  in the  wa te r  phase,  i r respect ive  of t he  p H  of the  
solution, as is given in the  Table. G I F  thus  seems to be a 
re la t ively  polar  molecule, b u t  the  po la r i ty  m a y  be inde- 
p e n d e n t  of the  p H  of the  solution.  There  is evidence t h a t  
G I F  conta ins  pep t ide  bondsU;  however  these  po la r i ty  
proper t ies  d e m o n s t r a t e  t h a t  i t  behaves  d i f ferent ly  f rom 
some simple po lypep t ides  (e.g, calci tonin or melit t in) 
which can be ex t rac ted  into 1-butanol  f rom acidic or basic 
solutions 12, 13. The usual ionizable groups  of pep t ides  thus  
seem to have  no major  effect  on the  solubil i ty proper t ies  
of GIF.  

Solubility o/ G I F  in aqueous solvents. Dose-response 
curves were de t e rmined  for the  original  G I F  solution and  
for the  ex t rac t s  ob ta ined  wi th  water ,  10 % acetic acid and  
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biophys. Res. Commun. 57, 399 (1974). 
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10% pyr id ine .  Care was t a k e n  to  exclude  a n y  inf luence  
of impur i t i e s  f rom t he  c h r o m a t o g r a p h y  pape r  on to  wh ich  
G I F  was adso rbed  pr ior  to  ex t rac t ion .  T he  resu l t s  ob-  
t a i n e d  are g iven  in F igure  1. G I F  seems to  be  e x t r a c t e d  
a l m o s t  q u a n t i t a t i v e l y  i n t o  t he  so lven ts  used. Th i s  is in 
accordance  w i t h  t he  obs e r va t i ons  m a d e  w i t h  t i le 1 -bu tano l  
ex t rac t ions ,  where  a h igh  a f f in i ty  to  t he  aqueous  phase  
was found.  The  10% acet ic  acid e x t r a c t  exh ib i t s  a v e r y  
s t rong  inh ib i t i on  as c o m p a r e d  to  the  cont ro ls  a n d  t he  
o t h e r  ex t rac ts .  Th i s  m a y  be  due to t races  of ace t a t e  ion 
w h i c h  could n o t  be  r e m o v e d  by  e v a c u a t i o n  over  K O H  
pellets.  Ace ta t e  ion has  been  found  to  i nh ib i t  t he  t hy -  
mid ine  inco rpora t ion  in to  bone  m a r r o w  cells a t  concen-  
t r a t i o n s  as low as 10 -5 M ~. The  presence  of ace t a t e  ion 
m a y  resu l t  f rom p H  shif ts  a t  t he  f ina l  s tages  of evapo ra -  

t i o n  w h e n  p h o s p h a t e  buf fe r  sal ts  (pH 7.4) and  acet ic  acid 
are p r e sen t  a t  c o m p a r a b l e  concen t ra t ions ,  a n d  p a r t  of t he  
acet ic  acid is c o n v e r t e d  to sod ium ace t a t e  which  is no t  
volat i le .  These  effects  are diff icul t  to  con t ro l  a n d  re- 
p roduce ,  wh ich  m a y  exp la in  t he  obse rved  d iscrepancies  
be tween  cont ro l  and  e x p e r i m e n t a l  values.  Fo r  th i s  
reason,  i t  m a y  be  a d v a n t a g e o u s  to  avo id  acet ic  acid as a 
so lven t  dur ing  c h r o m a t o g r a p h y  of G I F  2. 

Solubility o/ GIF in organic solvents. The  so lubi l i ty  of 
G I F  in so lvents  of decreas ing  polar i ty ,  a) e thano l - ace tone  
(9: 1) 15 b) c h l o r o f o r m - m e t h a n o l  (1:1),  and  c) ch lo roform 
is g iven  in F igure  2. F r o m  these  resul t s  i t  appea r s  t h a t  
G I F  (adsorbed on to  cellulose) can  be  e x t r a c t e d  a l m o s t  
q u a n t i t a t i v e l y  in to  organic  so lvents  of no t  too low po- 
la r i ty .  The  q u a n t i t a t i v e  r ecovery  of G I F  a f te r  e x t r a c t i o n  
w i t h  a 1 : 1 m i x t u r e  of ch lo ro fo rm and  m e t h a n o l ,  however ,  
m a k e s  i t  possible  to  e x t r a c t  th i s  i nh ib i t o r  f rom t issue  
h o m o g e n a t e s  w i t h o u t  co -ex t r ac t ing  large a m o u n t s  of 
a c c o m p a n y i n g  mate r ia l .  A crucia l  s tep  du r ing  the  purif i -  
ca t ion  of G I F  m i g h t  t h u s  be s impl i f i ed  to a cons iderab le  
ex ten t .  

The  p r e p a r a t i o n s  of G I F  used in these  i nves t iga t ions  
show a r a t h e r  h i g h  i n h i b i t o r y  a c t i v i t y  of a p p r o x i m a t e l y  
70%.  Since, w i t h  pu re  GIF ,  i n h i b i t i o n  should  be well  
be low 50%, o the r  i n h i b i t o r y  subs t ances  seem to  be  p r e sen t  
in  t he  G I F  solut ions .  A n  e ry th ropo ies i s  i n h i b i t i n g  fac to r  
ha s  been  descr ibed  1" wh ich  e lu tes  in  t he  same region as 
GIF .  The  G I F  p r e p a r a t i o n  used in these  e x p e r i m e n t s  is 
n o t  cy to toxicT~s  judged  b y  t he  m e t h o d  of PACSA 17, which  
uses a co lor imet r ic  assay  for  cell r esp i ra t ion  for the  
de t ec t ion  of cy to tox ic i ty .  Me thods  for t he  comple te  
pur i f ica t ion  of GIF ,  especial ly  t he  r e m o v a l  of a n y  o t h e r  
i n h i b i t o r y  subs tances ,  will be  sub j ec t  of fu tu re  research.  

Summary. The  so lub i l i ty  of granulopoies is  i n h i b i t i n g  
fac to r  (GIF)  in va r ious  aqueous  a n d  organic  so lven ts  was 
inves t iga ted .  G I F  is soluble in  water ,  10% acet ic  acid, 
a n d  10% pyr id ine .  I t  is n o t  e x t r a c t a b l e  b y  I - b u t a n o l  a t  
low and  h i g h  pH.  A h igh  so lub i l i ty  was found  in polar  
organic  so lven t s  ( e thano l -ace tone  9:1,  a n d  ch lo roform-  
m e t h a n o l  1 : 1), whereas  G I F  seems to  be inso luble  in pure  
chloroform.  
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Ring C h r o m o s o m e s  and Leukaemia  

T h r o u g h  the  app l i ca t ion  of b a n d i n g  techniques ,  some 
types  of acute  l eukaemia  h a v e  been  classified, a t  leas t  
t e n t a t i v e l y ,  accord ing  to  t h e i r  c h r o m o s o m e  p a t t e r n  ~, 
b u t  t he  r e l a t ionsh ip  b e t w e e n  specific a b e r r a t i o n s  and  
c l in ica l -haemato log ica l  course  r em a i ns  obscure  in mos t  
eases. 

R i n g  ch romosomes  h a v e  been descr ibed  in a few cases 
of e r y t h r o l e u k a e m i a  (EL) " 4  a n d  acute  mye logenous  
l e u k a e m i a  (AML)~,a; t h e i r  p resence  p r o b a b l y  has  un-  
f a v o u r a b l e  p rognos t i c  signif icance.  W e  h a v e  obse rved  
r ing  ch romosomes  in 2 o u t  of 100 cy togene t i ca l ly  s tud ied  
cases of acu te  l eukaemias .  

Case I .  A 68-years-old f a r m e r  was a d m i t t e d  to hosp i t a l  
in  December  1973, because  of weakness ,  precord ia l  pains ,  
a r th ra lg ias ,  severe a n a e m i a  and  hepa tosp lenomega ly .  
Blood  e x a m i n a t i o n  revea led  : H b  = 6.5 g%,  W B C  = 2,100/ 
ml,  w i t h  l y m p h o c y t e s  70%, m o n o c y t e s  17%, neu t roph i l s  
13% ; p la te le t s  95,000/ml.  Bone  m a r r o w  was hypocel lu lar .  
The  e ry th rob l a s t i c  series was d o m i n a t e d  b y  ear ly  e ry th ro -  
blas ts ,  w i t h  increased  nuc l eo - cy t op l a s m a t i c  rat io,  mul t i -  
nuc lea t ion ,  de l ica te  c h r o m a t i n  ne twork ,  mega lob las tos i s  
a n d  a typ i ca l  mitoses .  A n u m b e r  of 'b las t s ' ,  m o n o c y t o i d  
in appea rance ,  were found.  The  g ranu locy t i c  and  mega-  
ka ryocy t i c  series were scan ty ,  b u t  normal .  The  p a t i e n t  
was  t r e a t e d  w i t h  cor t icos tero ids  and  androgens .  Two 
s u b s e q u e n t  bone  m a r r o w  biopsies  in Apri l  and  May  1974 
revea led  a p ic tu re  closely c o m p a r a b l e  w i th  t h a t  o b t a i n e d  
in t he  f i rs t  s tudy ,  w i t h  a n  increase  of ' b l a s t '  cells. On the  

basis of cy tochemica l  and  c y t o e n z y m a t i c  da ta ,  a d iagnosis  
of acu te  E L  was posed.  The  cond i t ions  of t he  p a t i e n t  
r ap id ly  worsened,  w i th  increas ing  anaemia ,  l eucopen ia  
a n d  presence  of b la s t s  and  e r y t h r o b l a s t s  in t he  pe r iphe ra l  
blood, a n d  he  died in S e p t e m b e r  1974. 

Chromosome  s tudies  were pe r fo rmed  on  d i rec t  bone  
m a r r o w  p r e p a r a t i o n s  in Apr i l  and  in M a y  1974. In  t he  
f i rs t  p r e p a r a t i o n  25 m e t a p h a s e s  were ana lyzed :  ch romo-  
some n u m b e r  r anged  f rom 34 to 92, w i th  a m o d a l  n u m b e r  
of 43 in 13 cells. One more  rings,  t h e  size of a G- or oc- 
cas iona l ly  of a n  E -g roup  chromosome,  were obse rved  in 
13 cells (Figure  1), 15 ceils were ana lyzed  f rom t h e  second 
p r epa ra t i on .  Chromosome  n u m b e r  r anged  f rom 38 to 83, 
w i t h  a p r e v a l a n c e  of mi toses  w i t h  40 chromosomes .  One 
or  more  r ings  were obse rved  in 14 me taphases .  
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