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1 b 

I 
I TASK I, Development and t e s t i n g  of e lec t rophores i s  so lu t ions .  
1 

The t e s t i n g  of bu f f e r s  continued i n  s tages .  I n  add i t i on  t o  t he  
t e s t i n g  of l abora tory  e lec t rophoree is  bu f f e r s  reported previously,  
space-rated e lec t rophores i s  buf fe r  ( fo r  example "A-1") and f reez ing  
so lu t ions  have been tes ted .  The r e s u l t s ,  soian. of which a r e  summarized 
i n  Table 1, i n d i c a t e  t h a t  tire previously used A-1  bu f f e r  (1) may be 
qu i t e ' su i t ab l e  f o r  zero-gravity e lectrophoresie  but  is not s o  s u i t a b l e  
a s  a so lu t ion  i n  which t o  f r eeze  c e l l s .  Contrary t o  expectat ion t h e  
addi t ion  of f i c o l l  t o  DMSO seemed t o  have a harmful e f f e c t  on t h e  . 
c e l l s  a t  4' C, our usual e lec t rophores i s  temperature. In  a c t u a l  
f reez ing  and thawing experiments A-1 bu f f e r  and PBG (2)  were equivalent  
and r e su l t ed  i n  v i a b i l i t y  s l i g h t l y  under 60%. Since PBG was less tox i c  
than A-1 i n  t he  presence of DMSO (they a r e  equivalent  without IIMSO), 
the  f reez ing  rrocedure (3) i t s e l f  appears t o  be  responsible  f o r  some 
of t he  c e l l  l e t h a l i t y .  

The composition of PBG (2) i s  given i n  Table 2, and the  composition 
of A-1 bu f f e r  (11, a s  formulated i n  our labora tory ,  is  given i n  Table 3. 
The c e l l s  used i n  v i a b i l i t y  t e s t i n g  were obtained from Grand Is land 
Biological  Co., Grand Is land,  New York, and a t o t a l  of  s i x  explants  were 
obtained f o r  study through the  course of t h e  pro jec t .  They were 
designated fIFK and HFK-1 through HFK-5. The da t a  of Table 1, f o r  example, 
were obtained using HFK-5. Test ing of so lu t ions  was performed by 
t ryps in iz ing  t h e  c e l l s  i n  0.05% t ryps in ,  0.5 mM_ EDTA, and cen t r i fug ing  
and resuspending a t  a con cent ratio^ of 10' cel ls /ml  i n  test so lu t ion  
f o r  t h e  designated time and treatment conditions.  The composition of 
t he  t ryps in i z ing  so lu t ion  is given i n  Table 3. 

In e a r l y  s tages  of v i a b i l i t y  t e s t i n g  c e l l s  were t r ea t ed  i n  monolayer 
cu l tu re .  An i n t e r e s t i n g  r e s u l t  was found i n  t h a t  a constant  f r a c t i o n  of . 
t he  c e l l s  was non-adherent and continued t o  mult iply i n  suspension. Since 
non-adherent c e l l s  were scored a s  "dead" i n  these experiments, any change 
of medium led  t o  "increased" v i a b i l i t y  by removing non-adherent c e l l s ,  
dead o r  a l i ve .  This observat ion i s  a co ro l l a ry  of our previoulsy- 
reported r e s u l t s  which indicated the exis tence of an e lec t rophore t ica l ly -  
separable  non-adherent c e l l  population capable of continued p r o l i f e r a t i o n  
i n  complete c u l t u r e  medium, which is Eagle's ba sa l  medium (BME) (4) .  
Under continued subcul t iva t ion  these c e l l s  do not  a t tach .  This phenomenon 
introduces ambiguity i n t o  t he  v i a b i l i t y  measurement and the  f i gu re s  quoted 
i n  Table 1 a r e  probably somewhat low. 

The so lu t ions  used i n  t h e  Table 1 v i a b i l i t y  study cover a wide range 
of i o n i c  s t r eng ths ,  and complete medium, PBG, and A-1 bu f f e r s  a l l  provide 
about 70% v i a b i l i t y  with i on i c  s t r eng ths  of approximately 3.16, 0.013, 
and 0.0097 M, respect ively.  Ion ic  s t rength  tolerance is therefore  not  
a l im i t i ng  Tactor  i n  human kidney c e l l  e lec t rophores i s .  

Complete medium a t  4" C is  r a t h e r  t ox i c  t o  HFK-5 c e l l s  (Table 1 ) .  
This is  not surpr i s ing ,  s ince  c e l l s  of human kidney e p i t h e l i o i d  l i n e  T-1 
have a l s o  been found suscept ib le  t o  low temperature exposure i n  complete 
medium, and similar tests on HFK-4 explant c e l l s  a l s o  resu l ted  i n  l e a s  
than 60% surv iva l .  Storage and processing of cells a t  low temperature 
is  d e f i n i t e l y  more successful  when most of t h e  ingred ien ts  of c u l t u r e  
medium a r e  omitted. It is poss ib le  t ha t  the  complete nu t r i en t  mixture 
causes unbalanced c e l l  metabolism a t  low temperature o r  t he  high ion ic  
s t r eng th  of complete medium is harmful a t  low temperature. The t o x i c i t y  
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of medium a t  low temperature should not  be considered a se r ioue  
p r a c t i c a l  problem, s ince  none of the  plans f o r  kidney c e l l  e lec t ro-  
p l ~ o r e s i s  i n  t he  laboratory o r  i n  space include the  maintenance of  
c e l l s  i n  complete medium o r  high-ionic-strength ao lu t ione  a t  low 
temperature. 

Concerning the  u l t imate  choice of bu f f e r  f o r  e lec t rophores i s  
and f reez ing ,  i t  appears t h a t  a s l i g h t l y  improved vers ion  of e i t h e r  
PBG-sucrose o r  A-1 would be su i t ab l e .  They a r e  eimilav i n  composition 
(Table 2 and Table 3 )  and t o x i c i t y  (Table 1) .  Both use phosphate a s  
buf fe r ing  ion,  supply glucose i n  excess of l X ,  have i o n i c  s t rength '  
around 0.010 t4, provide sodium, potassium, a?; chlor ide  ion,  do not  
become tox i c  when DMSO is added, and have ,.:, Llar osmolar i t ies .  
PBG-sucrose is 264 mosPf, and A-1 is 248 maid (5). Their major 
d i f f e r e ~ c e  l l e s  i n  t h e i r  d iva len t  ca t i on  content .  PBG-sucrose provides 
~ g *  a t  0.5 mg, whereas A-1 removes d iva len t  ca t i ons  using NazEDTA a t  
0.3 dJ, a s i m i l a r  concentration. The v i a b i l i t y  da ta  t o  da t e ,  therefore ,  
provide no evidence f o r  a r o l e  of d iva l en t  ca t i ons  i n  t h e  r e t en t ion  of 
v i a b i l i t y  a t  4' C during e lec t rophores i s  o r  f reezing.  

TASK 11. Optimization of f reez ing  and thawing. 

It was found tha t ,  i n  complete medium with 10% DMSO, the  customary 
rate-freezing procedure (3) resu l ted  i n  c e l l  k i l l i n g  t h a t  was cell  
concentrat ion dependent. About 5-10 x l o 6  ce l l s /ml  a r e  recommended 
f o r  good v i a b i l i t y  through a freeze-thaw cyc le  i n  complete medium. 
It was found, however, t ha t  i n  the  presence of 10% DMSO both e lec t ro-  
phoresis  buf fe rs  (Table 1)  produced much higher  v i a b i l i t y  than t h a t  
found by f reez ing  i n  complete medium (sometimes less than 10%). I t  
w i l l  be poss ib le  t o  t e s t  whether serum o r  i o n i c  s t r eng th  is responsible  
fo r  the l a rge  d i f fe rence  between complete medium and the  bu f f e r s  a s  a 
f reez ing  so lu t ion .  

The f reez ing  procedure w e  use (3) r equ i r e s  t h a t  c e l l s  spend some 
time a t  4' C,  and the  observation (Table 1 )  t h a t  c e l l s  a r e  l e s s  v i a b l e  
i n  complete medium o r  f i c o l l  p lus  DMSO a t  4' C could be re levant  
to  the  f reez ing  problem. It is su rp r i s ing  t h a t  macromolecules t h a t  
presumably s t a y  ou ts ide  the  c e l l  would have such an e f f e c t .  I t  was 
o r i g i n a l l y  expected t ha t  macromolecules i n  so lu t ion  might have a 
cryoprotect ive r o l e  and t h a t  t h e i r  add i t i on  might permit reduct ions i n  
DMSO concentrat ions.  This hypothesis has now been dismissed, a t  l e a s t  
as i t  app l i e s  t o  experiments with kidney c e l l s .  It has a l s o  become 
apparent t ha t  adding f i c o l l  t o  space e lec t rophores i s  buf fe r  would not  
serve a usefu l  purpose. 

TASK 111. Procedures f o r  evaluat ion of separated kidney c e l l s .  

Development of procedures f o r  cu l tu r ing  c e l l s  was reported i n  the  
mid-term progress repor t ,  and repeated e lec t rophores i s  experiments 
continue t o  i nd i ca t e  t ha t  c e l l s  from near ly  a l l  e l ec t rophore t i c  f rac-  
t i ons  form monolayer cu l tu re s  when the f ico l l -grad ien t  f r ac t i ons  a r e  
d i l u t ed  d i r e c t l y  i n t o  complete medium, BME + 10% f e t a l  bovine serum. 
From the  supernatant  medium on the  cu l tu re s  an a l i quo t  of medium was 
removed per iod ica l ly  and assayed f o r  urokinase o r  f rozen f o r  l a t e r  



assay. Cultured f r a c t i o n s  were observed d a i l y  by phase-contrast 
microscopy, s o  t h a t  v i a b i l i t y  and morphology could be recorded. 
A s  w i l l  be  noted below, an unexpected c e l l  type emerged, and t h i s  
would have been missed without microecopic evaluat ion of l i v i n g  
c u l t u r e s  from a l l  of t he  f r ac t i ons .  Cells which f a i l e d  t o  a t t a c h  
mul t ip l ied  i n  suspension, and t h i s  represented a p a r t i c u l a r  e l ec t ro -  
phore t ic  f r ac t i on .  Even these c e l l s  apppear t o  grow well  i n  
BbB + 10% f e t a l  bovine serum. Since t he  a b i l i t y  t o  a t t a c h  and spread 
is  not a reasonable v i a b i l i t y  c r i t e r i o n  f o r  these  c e l l s ,  t h e  trypan 
blue method of s t a in ing  f o r  dead c e l l s  was used. In  our procedure 
t h i s  cons i s t s  of adding 0.1 volume of 0.4% trypan b lue  i n  Hanks' 
balance s a l t s  so lu t ion  t o  c e l l s  suspended i n  completed medium. Af te r  
a freeze-thaw cycle  i n  complete medium t h i s  category of c e l l s  is 
about 40% v i a b l e  by t h i s  c r i t e r ion .  

A survey of p ro t eo ly t i c  assay methods fo r  urokinase a c t i v i t y  
was performed. The e s t e r o l y t i c  method, described i n  t h e  previous repor t ,  
was f u r t h e r  evaluated with a modified s u b s t r a t e  and found t o  be 
unsui table .  A s  noted before,  t h e  e s t e r o l y t i c  a c t i v i t y  of urokinase 
upon ALME o r  AGLME suba t r a t e s  is somewhat d i f f i c u l t  t o  assay under 
non-rigorous conditions.  This stems from t h e  l e v e l  of i n t e r e f e r ence  
by o the r  enzymes, and care  must be taken i n  t he  i n t ccp re t a t i on  of 
ALME es t e r a se  a c t i v i t y  when complex b io log i ca l  f11,ids a r e  being 
assayed a s  o the r  enzymes such a s  plasmin, t ryps in ,  o r  thrombin 
may be  present.  These th ree  can a l s o  hydrolyze t h e  A W E  fiubstrate 
( G ) .  Trypsin has been present i n  r eac t ion  mixtures because i t  was 
used i n  the  preparat ion of c e l l  c u l t u r e s  p r i o r  t o  assay. The ex ten t  
o f  i n t e r f e r ence  is  not  known a t  t h i s  time, but  i t  is thought t h a t  
i t  could be great .  EDTA has been observed t o  give a f a l s e  pos i t i ve  
co lor  r eac t ion  and has produced high blank values.  Now, i t  has been 
found (7) t h a t  t r yps in  i nh ib i to r s ,  such a s  SBTI and mingin (ur inary 
t ryps in  i n h i b i t o r ) ,  can completely abol i sh  t ryps in  a c t i v i t y  while 
leav ing  the  urokinase q u i t e  unaffected. This  addi t ion  may have mer i t  
f o r  t h i s  assay a s  wel l  a s  fo r  t he  4-methoxy-2-NA procedure (below). 
Kinet ic  parameters of t h r ee  syn the t i c  subs t r a t e s  a r e  given i n  Table 5. 
Allowing Vm t o  be an  ind ica tor  of enzyme s e n s i t i v i t y  o r  s p e c i f i c i t y ,  
i t  is seen %at  t he  ALME and AGLME a r e  superior  t o  t h e  4-Mk0-2-NA 
moiety. However, a trade-off is enacted by using the  lat ter  a s  
s u b s t r a t e  a t  t h i s  time due t o  i t s  r ep roduc ib i l i t y  and s impl ic i ty .  
Nevertheless,  s tandard iza t ion  curves f o r  the  e s t e r o l y t i c  assay a r e  
shown on Figure 1. Variat ion is not  t oo  g rea t  fo r  the  urokinase 
d i l u t i ons .  However, i n  order  t o  ob ta in  these  r e s u l t s ,  t he  assay of 
White and Barlow had t o  be modified and, i n  general,  required too 
much t i m e  f o r  assay. Urokinase s tandard iza t ions  f o r  both ALtlE and 
AGLME were worked out  and the  r e s u l t s  p a r a l l e l  those found by 
var ious i nves t i ga to r s  (8-11) . 

The enzymatic hydrolysis  of t he  syn the t i c  e s t e r s  AWE and AGLME 
was ca r r i ed  out by the  previously published method of White and Barlow 
(11). In  the  pas t ,  t h i s  method has been known t o  be labor ious  and 
the  va r i a t i on  i n  the  assay la rge .  The reac t ions  of t h e  method a r e  
shown diagrammatically a s  follows: 



Urokinase Oxidat i o n  
ALME -9 MeOH -> Methanal (HCHO) 
( o r  AGLME) 

Methanal + Chromotropic Acid <-a Color imet r i c  Complex 
h e a t  (purp le )  

Chromotropic Acid - 4,s-dihydroxy-2,7 ,naphthalenedisul f  on ic  a c i d  
disodium d i s so lved  i n  1 0  m l  d i s t i l l e d  H20 
and then  mixed wi th  90 ml of 67% s u l f u r i c  a c i d .  

The c o l o r i m e t r i c  product c o n c e n t r a t i o n  is determined by measuring 
absorbance a t  580 na. 

Some t e s t i n g  of c e l l - c u l t u r e  superna tan t s  was done wi th  t h i s  
method, and 7 t h  passage c u l t u r e s  of HFK-1 c e l l s  showed about 200 
CTA un i t s /ml  medium and 7th-passage c u l t u r e s  of HFK c e l l s  showed none. 
Th i s  f i n d i n g  of such low a c t i v i t y  is c o n s i s t e n t  wi th  t h e  n o t i o n  t h a t  
t h e  percent d i f f e r e n t i a t e d ,  s e c r e t i n g  c e l l s d e c r e a s e s  wi th  i n c r e a s i n g  
passage number. Furthermore, i t  appeared thatHFK c e l l s  were rnofitly 
f i b r o b l a s t s  a t  t h i s  passage l e v e l ,  

Heavy emphasis was placed on t h e  use  of naphthylamide d e r i v a t i v e s  
of o l i g o p e p t i d e  s u b s t r a t e s  o f  plasminogen a c t i v a t o r .  Co lo r imet r i c  and 
f luoromet r i c  tests f o r  t h e  l i b e r a t e d  4-methoxy-2-naphthylamine were 
explored and app l i ed  t o  c u l t u r e  human kidney c e l l  superna tan t  media. 
The s y n t h e t i c  s u b s t r a t e  is s i m i l a r  t o  t h e  amino a c i d  sequence a t  t h e  
c leavage s i t e  i n  plasminogen. and t h e  4-methoxy- 2-naphthylamine moiety,  
when hydroxylzed v i a  urokinase  from its p e p t i d e s ,  l e n d s  i t s e l f  w e l l  
t o  c o l o r i m e t r i c  a n a l y s i s  when coupled t o  diazonium s a l t s  such a s  F a s t  
Blue 2 .  The hydro lys i s  of t h i s  s y n t h e t i c  s u b s t r a t e  was c a r r i e d  o u t  
by t h e  p rev ious ly  published method of Huseby e t  a l .  (12) wi th  corresponding -- 
r e s u l t s  appear ing i n  Figure  2, which shows s t andard  curves.  The r e a c t i o n s  
a r e  shown diagrammatically a s  follows: 

CBZ-gly-gly-arg-4-Me0-2NA urokinase ) 4-EleO-2NA ( t o  be  coupled)  

4-Me0-2NA + F a s t  Blue B ) c o l o r i m e t r i c  product 

The c o l o r i m e t r i c  product t h a t  is produced l e n d s  i t s e l f  t o  v i s i b l e  
spectrophotometry.  The sample chamber of t h e  spectrophotometer was 
cooled t o  l o 0  C us ing  a water-bath c i r c u l a t i o n  pump a s  an  a i d e  t o  make 
r e a c t i o n  t imes uniform. Absorption was read a t  520 nm. 

Abbreviations used are :  

F a s t  Blue B = 4.4'-diamino- 3,3'-dimethoxy-biphenyl 



The fol lowing d e t a i l e d  procedure f o r  t h e  r o u t i n e  use  of  t h i e  
method f o r  a s s a y s  of supernan t s  was worked o u t  and app l i ed .  The 
materials needed include:  

T r i s  b u f f e r  0.05 M, pH 8.0 
HC1 1 .0  t1 
F a s t  Blue B dye 0 .1  mg/ml ( t o  b e  made f r e s h  f o r  each a s s a y )  

For t h e  assay  of  urokinase  from c e l l  c u l t u r e s ,  t h e  fo l lowing s t andard  
c o n d i t i o n s  a r e  used: 

T r i s  b u f f e r  0.05 M, pH 8.0,  1 0  m l  c o n t a i n i n g  1.2260 mg sub- 
s t r a t e  pe r  m l ;  d i s t i l l e d  wa te r ,  1 .0  m l ;  0.5 m l  of  t r y p s i n - f r e e  
t i s s u e  c u l t u r e  f l u i d  t o  be  assayed a r e  mixed we l l  i n  a smal l  
t e s t  tube  (dispo Cul tu re ) .  F i n a l  c o n c e n t r a t i o n  of s u b s t r a t e  
is 8 x lo-" M. 

Important:  S u b s t r a t e  used is CBZ-gly-gly-arg-4-Me0-2-NA (HC1) - i t  
is s o l u b l e  i n  t h e  T r i s  b u f f e r  only tf  an amount of EtOH is p r e s e n t  i n  
s o l u t i o n .  Th i s  amount should no t  exceed t h e  volume of T r i s  b u f f e r .  
Th i s  r a t i o n a l e  stems from t h e  f a c t  t h a t  t h e  urokinase  w i l l  remain 
a c t i v e  and unblocked by t h e  EtOH when in t roduced  i n t o  t h e  
~ r i s / E e O ~ / s u b s t r a t e  s o l u t i o n .  Therefore ,  add t h e  weighed s o l i d  t o  
112 t h e  volume of T r i s  t h a t  would normally make up t h e  d e s i r e d  con- 
c e n t r a t i o n ,  then  add EtOH g r a d u a l l y  u n t i l  t h e  s o l i d  d i s s o l v e s .  Be 
p a t i e n t  and use  a ho t  water  ba th  as an a i d  t o  complete t h e  s o l u t i o n  
process .  The amount of added EtOH should no t  exceed t h e  amount of 
T r i s .  I n  summary, add s o l i d  t o  1 / 2  volume T r i s  b u f f e r ,  d i s s o l v e  
wi th  minimal E t O H ,  then f i l l  t o  t h e  mark wi th  T r i s  b u f f e r .  Do t h i s  
i n  a fume hood. 

For low concen t ra t ions  of  urokinase  (0 t o  30 CTA u n i t s / m l ) ,  a s t andard  
incuba t ion  t i n e  of 120 minutes is  used. For h i g h e r  c o n c e n t r a t i o n s  
(30 t o  100 CTA u n i t s l m l ) ,  incuba t ion  t imes of 30 t o  60 minutes a r e  
used. Incubat ion temperature  is 37' C . A f t e r  a p p r o p r i a t e  i n c u b a t i o n  
t imes ,  t h e  r e a c t i o n  is stopped by t h e  a d d i t i o n  of 0 . 1  m l  of 1.0 M HC1. 
Tc each a l i q u o t  i s  then added 1 .0  m l  of Fas t  Blue FJ dye @ 1 . 0  mg/ml. 
This  dye s o l u t i o n  must be made up on ly  p r i o r  t o  each assay  a s  i t  
decomposes r a p i d l y .  The colored coup l ing  product is  then  a l lowed t o  
develop f o r  5 minutes and is read a t  520 nm. The blank used is  
complete except  f o r  t h e  a d d i t i o n  of  t h e  c e l l  c u l t u r e  superna tan t  
f l u i d  -- volume should be  made up wi th  a p p r o p r i a t e  f r e s h  t i s s u e  c u l t u r e  
media. The va lues  obta ined f o r  absorbance a r e  taken t o  t h e  a p p r o p r i a t e  
s t andard  curve  and t h e  corresponding v a l u e  of urokinase  CTA ~ l n i t s / m l  
is noted.  R e s u l t s  cb ta ined  us ing  t h i s  method a r e  desc r ibed  l a t e r .  

The f l u o r e s c e n t  a s say  method holds  c o n s i d e r a b l e  promise, due t o  
i t s  s e n s i t i v i t y ,  s o  it was s u b j e c t e d  t o  p re l iminary  t e s t i n g .  

Th i s  d i r e c t  a s say  a l s o  uses  N-carbobenzoxy-glycine-glycine-L- 
arginine-4-methoxy-2-napthylamide (CBZ-Gly-Gly-Arg-4-tle0-2NA). 
Hydrolys is  of t h e  amide bond r e l e a s e s  f l u o r e s c e n t  4-?le0-2NA. Th i s  
a s say  is q u a n t i t a t i v e ,  easy t o  perform, and more s e n s i t i v e  than  t h e  
AGLME assay.  The method h e r e  a l lows  t h e  a c c u r a t e  and reproduc ib le  
de te rmina t ion  o f  very  low amounts of plasminogen a c t i v a t o r s  (13) .  



Fluorescence measurements were made us ing a n  American Instrument 
Co. SPF-125 Spectrof luorometer  (Thanks t o  D r .  Roy H. H a m e r s t e d t ,  
Department of Biochemistry and Biophysics)  equipped wi th  a 15 0-wet t 
xenon l i g h t  source.  The c o r r e c t e d  e x c i t a t i o n  and emiss ion maxima 
f o r  4-Ele0-2NA were a t  342 and 426 nm, r e s p e c t i v e l y .  Because con t inuous  
e x c i t a t i o n  r e s u l t e d  i n  a slow decrease  i n  t h e  f luorescence  s i g n a l ,  
t h e  e x i c t a t i o n  s h u t t e r  was kept  c losed  except  d u r i n g  t h e  b r i e f  p e r i o d s  
of d a t a  a c q u i s i t i o n .  Fluorescence i n t e n s i t y  of 4-He0-2NA i n  0.05 M 
Tris-HC1 was d i r e c t l y  p r o p o r t i o n a l  t o  concen t ra t ion  over t h e  range 
5 x lo-' t o  5 x lo-' M and was independent of pH between 7.0 and 9.5. 

For t h e  d i r e c t  a s s a y  of urokinase ,  20 p1 of 0 . 1  H CBZ-Gly-Gly- 
Arg-4-1leO-2NA i n  dirnethylformamide (Dm) was added t o  1.96 m l  of 
0.05 M T r i s - H C 1 ,  pH 8.75, followed by a 20-v1 a l i q u o t  of u rok inase  
s t o c k  s o l u t i o n ,  25 t o  2500 CTA/ml. Th'e f luoresence  i n t e n s i t y  a t  
426 nm was measured every  minute f o r  1 0  minutes.  The r a t e  of t h e  
l i n e a r  i n c r e a s e  of fluor,?scenc$ is determined and conver ted  t o  
nanomoles of 4-MeO-2NA/ml/min. A l l  f luorescence  measurements were 
made a t  224 C. 

The k i n e t i c s  of t h e  urokinase-catalyzed hydro lys i s  of CBZ-Gly- 
Gly-Arg-4-MeO-2NA a r e  i l l u s t r a t e d  i n  Figure  3. The enzymatic pro- 
d u c t i o n  of 4-lle0-2NA i s  l i n e a r  f o r  a t  l e a s t  1 5  minutes. Bigbee s 
a 1  found, by us ing  a working concen t ra t ion  of urokinase  of 1 t o  5 -- 3 

I . U . / m l ,  t h a t  urokinase  c o n c e n t r a t i o n s  a s  high as 100 I . U . / m l  could 
be determined us ing  t h e  same assay  c o n d i t i o n s .  The p r a c t i c a l  lower 
l i m i t  of s e n s i t i v i t y  wi th  t h e i r  f luorometer  was about  0.5 I . U . / m l  
of enzyme. They found t h a t  t h i s  a s s a y  is 50-fold more s e n s i t i v e  
than the  e s t e r - s u b s t r a t e  a s say  wi th  AGLME o r  t h e  c o l o r i m e t r i c  amide- 
s u b s t r a '  a s s a y s  wi th  N-a-acetyl-L-lysine-p-nitroanilide o r  wi th  
CBZ-Gly-Gly-Arg-4-EteO-2NA. This  d i r e c t  a s r s y  is a t  l e a s t  a n  o r d e r  
of magnitude more s e n s i t i v e  than t h e  s tandard c l o t - l y s i s  a s say  ( 1 4 )  
and is a s  s e n s i t i v e  a s  t h e  f i b r i n o l y t i c  method desc r ibed  by Johnson 
e t  a l .  (9). The assay  is very  r a p i d ,  is s e n s i t i v e  over  a wide -- 
range of  urokinase  concen t ra t ions ,  and can be performed a t  room 
temperature.  

P r e p a r a t i o n s  were .lade f o r  examining a s e n s i t i v e  radiochemical  
e s t e r o l y t i c  a s s a y  f o r  plasminogen a c t i v a t o r .  S p e c i f i c i t y  i s  assumed 
by us ing  plasrninogen a s  t h e  urokinase  s u b s t r a t e  and plasmin, t h e  
product,  a s  e s t e r o l y t i c  agen t .  The r e a c t i o n s  involved i n  t h i s  i n d i r e c t  
method a r e  a s  fo l lows  (16): 

Urokinas 
'lasrninogen - Plas~n in  

TMIE ( 3 ~ )  
4 

( 3 t ~ ) - ~ c ~ ~  
To be counted by l i q u i d  s c i n t i l l a t i o n  

TAME: N-a-p-tosyl-L-arginyl-metllyl e s t e r  

The a s s a y s  a r c  performed i n  tubes  placed i n  l i q u i d  s c i n t i l l a t i o n  
count ing v i a l s .  A t  t h e  end o f  t h e  experiment,  t h e  genera ted (31i)-E1e01t 
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1 is  e x t r a c t e d  i n t o  t h e  l i q u i d  s c i n t i l l a t i o n  c o c k t a i l  and counted. 

I Unhydrolyzed s u b s t r a t e  l a r g e l y  remi ins  i n  t h e  aqueous phase and 

i c o n t r i b u t e s  on ly  a smal l  f r a c t i o n  of  t h e  counts .  The f a c i l e  s e p a r a t i o n  
of 3 ~ - l a b e l e d  PleOH from t h e  e s t r r  s u b s t r a t e  a l lows  f o r  t h e  s imple  and 
h i g h l y  s e n s i t i v e  assay  f o r  urokinase.  Th i s  method g i v e s  good r e e u l t e  
i n  e x c e l l e n t  agreement wi th  t h e  c l a s s i c a l  f i b r i n  p l a t e  a s say ,  It 
s t r e s s e s  c l m p l i c i t y  and high s p e c i f i c i t y .  Th i s  i n d i r e c t  method can 
q u a n t i t a t e  0.01 CTA u n i t s  of urokinase  a c t i v i t y  and does not  show 
t h e  i n t e r f e r e n c e s  found wi th  t h e  o t h e r  two methods. Recipes and 
purchase sources  f o r  t l t i s  procedure htive been prepared,  bu t  i t  h a s  
not  y e t  been t e s t e d  i n  t h e  l a b o r a t o r y .  

F u r t h e r  development of f i b r i n  p l a t e  a s s a y  methods was aimed a t  
be ing  a b l e  t o  d i s t i n g u i s l l  urokinase-producing c e l l s  from non-producer8 
by microscopic examination of c o l l e c t e d  f r a c t i o n s  fo l lowing  e l e c t r o p h o r e ~ i s .  
The nethod of Marsh and Gaffney (17) was adapted t o  use  i n  t i s s u e -  
c u l t u r e  d i shes .  

Marsh and Caffney recommended t h e  use of 1 0  m l  0.1% f ib r inogen  
(fbgn),  2 c a s e i n  u n i t s  plastainogen (psgn),  and 0.5 m l  thrombin 
(tmbn, 1 0  N I H  u n i t s l m l )  i n  a 9.0 cm p e t r i  d i s h .  We decided t o  t r y  
2 m l  fbgn i n  35 mm p e t r i  p l a t e s .  S o l u t i o n s  of 0.1% t o  0.8% fbgn were 
prepared and 2 m l  a l i q u o t s  p i p e t t e d  i n t o  35 mm p e t r i  p l a t e s .  Thrombin 
was rhen added t o  each p l a t e ,  t h e  mixture  swi r l ed  b r i e f l y ,  and t h e  
p l a t e s  allowed t o  s e t  u n t i l  c l o t s  were f irm. A l l  c l o t s  began t o  form 
almost  immediately upon a d d i t i o n  of tmbn and were f i r m  by 5 mins a f t e r  
tmbn a d d i t i o n .  A f t e r  t h e  c l o t s  were f i rm,  t h e  p l a t e s  were placed i n t o  
t h e  incuba to r  a t  37OC. The p l a t e s  were observed a t  t h r e e  hours  and 
showed no change ( l y s i s ) .  A t  12 hours  a l l  c l o t s  were completely l y s e d .  
The f i r s t  s e t  of experiments was repeated us ing  a 1 m l  a l i q u o t  of  
fbgn s i n c e  t h e  f i r s t  c l o t s  were somewhat th ick .  The c l o t  formation 
and l y s i s  t imes were e s s e n t i a l l y  t h e  same; however, subsequent runs  
were made us ing  1 . 5  m l  fbgn and c l o t s  appeared more uniformly t h i c k .  

The next s t e p  was t o  determine t h e  e f f e c t  of  plaeminogen on t h e  
l i f e t i r e  o f ' t h e  c l o t .  A s t o c k  s o l u t i o n  prepared with 0.5 mg psgn 
d i s s o l v e d  i n  10  m l  phosphate b u f f e r  (pH 7.5) conta ined 6.45 
Worthington u n i t s  psgnlml and was used i n  a l l  subsequent runs .  
Various amounts of psgn were added t o  p l a t e s .  Using 1 . 3  m l  6.3% and 
0.6% fbgn, we prepared p l a t e s  wi th  1 m l ,  0.5 ml, 0.25 m l ,  
and 0.16 m l  psgn and allowed c l o t s  t o  form a s  u s u a l  (no clrange i n  
c l o t t i n g  time). The p l a t e s  were placed i n  t h e  37OC incuba to r  and 
observed a t  v a r i o u s  times. A f t e r  3 hours  incuba t ion  t h e  0.32 fbgn 
p l a t e s  wi th  Z and 0 .5  m l  psgn had begun t o  l i q u i f y .  A t  1 2  hours  a l l  
0.3% fbgn p l a t e s  and O.6X fbgn p l a t e s  wi th  1 m l  psgn were l i q u i f i e d  
and a t  18.75 hours a l l  p l a t e s  except 0.6% fbgn wi th  0.16 m l  psgn 
showed some degree of l i q u i f i c a t i o n .  With t h e s e  r e s u l t s ,  w e  decided 
t o  use t h e  smal le r  amounts of psgn i n  experiments.  Up t o  t h i s  
po in t  we had prepared a fbgnlpsgn mixture  i n  t h e  p l a t e  and then added 
tmbn. In t h e  experimental  c a s e  we f e l t  t h a t  a fbgn/psgn mixture  on 
t o p  of c e l l s  would poss ib ly  a l low some psgn t o  be  a c t i v a t e d  b e f o r e  
tmbn was added and t h e  c l o t  formed and s o  opted t o  t r y  a tmbnlpsgn 
mixture  added t o  fbgn i n  the  c u l t u r e  p l a t e .  When t h e  c l o t s  were 
prepared we noted t h e  time and observed a 30-45 second delay 
i n  c l o t  format ion t ime f o r  t h e  tmbn/pegn mixture.  



a 
The c l o t  s t a i n i n g  method was a l s o  t e s t ed ,  Elixtures of 

hematoxylin s t a i n  (no g l a c i a l  a c e t i c  ac id )  and Harr i s  hematoxylin 
s t a i n  were prepared and an attempt made t o  s t a i n  the  c l o t s .  S ta in ing  
proved t o  be  an Inadequate method by which t o  read l y s i s  aonee. The 
s t a i n  does not spread evenly over t h e  c l o t  vurface (hence, uneven r t a i n i n g )  
and such a l a rge  amount was needed t h a t  excess would have t o  be washed 
o f f ,  (Washing the  c l o t  has a tendency t o  destrov the  c l o t ) .  In  
view of  these  r e s u l t s  we recommend reading lyeLc zones by means of an 
overhead pro jec tor  a s  described by Marsh and Gaffney. The c l o t  shows 
d e f i n i t e  f i b e r s  running through i t  which gives  i t  a cludy white 
appearance, 

The f u l l  procedure wee tes ted .  Two c l o t s  were made i n  a p e t r j  
p l a t e  and 20 samples of urokinase (UK) added t o  the cen t e r  of the 
c l o t .  One UK sample was a standard d i l u t i o n  of UK and the  o the r  a 
supernatant  from a 2nd-passage c u l t u r e  of HFK-3 c e l l s ,  The procedure 
included pouring o f f  the  media, 5;ashing twice with a small  amount of 
Hanks' Balanced S a l t  Solution, then applying the  c l o t  components. 
Residual Hanks' colored the c l o t s  a pa le  peach and g r e a t l y  increased 
t o  time needed f o r  c l o t  formation (O.6X fbgn c l o t  increased from 5 
t o  10 minsl. Conclusions could not be drawn from t h i s  experiment, 
and i t  is an t ic ipa ted  t h a t  a s l i g h t l y  modified vers ion of t h i s  procedure 
w i l l  be s u i t a b l e  f o r  t he  de tec t ion  of urokinase-producing c e l l s  and/or 
colonies .  

Preliminary t e s t i n g  of the  f i b r i n  s l i d e  method of Kwaan and Astrup 
was a l s o  ca r r i ed  out.  This r e l a t i v e l y  simple assay involves two s t eps :  
t he  formation of an a r t i f i c i a l  c l o t  and then the  addi t ion  of an enzyme 
(UROKINASE) t o  d i s so lve  t he  c l o t .  The ac tua l  d i sso lv ing  away of t he  c l o t  
is de tec ted  by t h e  appearance of holes  ( l y s i s  zones) i n  t h e  s t a ined  c l o t .  
The following is e br i e f  o u t l i n e  of the  procedure: 

I. On ordinary precleaned microscope s l i d e s ,  an a rea  of 2.5 x 4.0 cm 
was del ineated with waterproof ink. 

2.  10 p 1  of thrcmbin so lu t ion  was spread evenly over t h i s  a r ea  and 
allowed t o  dry quickly a t  room temperature. 

3 .  Then, 60 ~1 of f ibr inogen so lu t ion  was appl ied and spread quickly 
with a g l a s s  rod, evenly d i s t r i b u t i n g  the  eo lu t iov  by gen t l e  t i l t i n g .  

4 .  Sl ides  were placed on a horizontal  g l a s s  p l a t e  In a moist.chamber 
a t  room temperature fo r  1 hour t o  complete c l o t  formation. 

5 .  C e l l  suspensions were usual ly  prepared a s  a smear on the  g l a s s  s l i d e ,  
e i t h e r  by simple drying o r  a f t e r  b r i e f  f i xa t i on  i n  50% methanol and 
then covered. C e l l s  from e lec t rophore t ic  f r a c t i o n s  were co l l ec t ed  
by Cytospin. 

6 .  The s l i d e s  were then incubated fo r  appropiate  lengths  of time i n  a 
moist chamber a t  3 7 O C .  

7 .  The incubated s l i d e s  were f ixed i n  10Z formaldehyde so lu t ion  f o r  
varying periods of time, 

8. After  s t a i n i n g  with t iarr is '  Alum Hematox;.lin without a c e t i c  ac id ,  
t he  s l i d e s  wpre mounted i n  glycer ine j e l l y .  

9. For compsrison, so lu t ions  of urokinase (or t i s s u e  a c t i v a t o r )  were 
appl ied with a g l a s s  c a p i l l a r y  (diameter 1 .5  nun) de l ive r ing  
approximately 5 p1 Ly gent ly  touchin& t h e  f i b r i n  f i lm.  



In  f i v e  experiments us ing  t h i s  method and v a r i a n t a  of i t ,  t h e  
background (spontaneous c l o t  l y s i s  zones) was found unacceptabl!? 
h igh ,  According t o  Kwaan and Astrup,  ' ' to achieve a d e t a i l e d  and 
d i e c r e t e  l o c a l i z a t i o n  of a c t i v e  s i tes ,  t h e  f i b r i n o g e n  must be  r i c h  
i n  plaeminogen, low i n  i n h i b i t o r  con ten t  wi th  c l o t t a b i l i t y  above 85-90%, 
c o n t a i n i n g  no spontaneous f i b r i n o l y t i c  a c t i v i t y  ( inc lud ing  euch caused by 
b a c t e r i a l  contaminat ion) ,  b e  f r e e  of c i t r a t e  and be  s o l u b l e  a t  high 
c o n c e n t r a t i o n  (about 1%) wi thout  oeditnentation.  We have found no 
commercial p r e p a r a t i o n s  which f u l f i l l  a l l  of t h e s e  c r i t e r i a ,  i n  p a r t i c u l a r ,  
they a r e  low i n  plasminogen and t h e r e f o r e  low i n  s e n s i t i v i t y  t o  
a c  t iva to re" .  Fur the r  t e s t i n g  of  t h i s  method has been abandoned. 

A procedure f o r  t h e  i n  v i t r o  assay  of e r y t h r o p o i e t i n  (ESF) was 
adopted and learned,  bu t  not  y e t  a p p l i e d  t o  t h e  assay  of c u l t u r e d  kidney 
c e l l  superna tan t s .  The e r y t h r o c y t i c  colony format ion (CFU-E) ~ e t h o d  of 
EfcLeod et.  a l .  (19) was l ea rned  i n  t h e  l a b o r a t o r y  of D r .  E.  L. Alpen of 
Lawrence Berkeley Laboratory.  In  t h i s  method e r y t h r o p o i e t i c  stem c e l l s  
of mouse femoral bone marrow a r e  s t i m u l a t e d  by ESF t o  d i f f e r e n t i a t e  i n t o  
e r y t h r o i d  c e l l s  t h a t  mul t ip ly  i n t o  microcolonies  (4-16 c e l l s )  and in- 
c o r p o r a t e  iron-59. A f t e r  femurs a r e  removed by a s  c l e a n  su rncry  a s  poes ib le ,  
t h e  procedure is  a s  follows: 

1. Flush each femur wi th  2.0 m l  of cold  c o l l e c t i o n  medium ("supplemented 
medium"), and pool t h e  suspensions  on i c e .  

2 .  Disperse  the  c e l l s  g e n t l y  wi th  a 23 then 3 27 gauge needle.  

3. Count nucleated c e l l s / m l .  Hemacytometer and Coul te r  coun te r  wi th  U P  
g i v e  t h e  same r e s u l t ,  s o  e i t h e r  method can be used. 
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4 .  Add t h e  suspensions  t o  p l a s m  c u l t u r e  medium a t  4.5 x 10  c e l l s / m l .  

5.  Add human u r ina ry  ESF s t andard  o r  t e s t  sample t o  g i v e  f i n a l  c o n c e n t r a t i o n  
i n  t h e  v i c i n i t y  of 0.25 U / m l .  

6 .  Mix 0.8 ml of suspension with 0.2 m l  bovine plasma f o r  c l o t  formation.  
Keep plasma a t  room temperature j u s t  p r i o r  t o  a d d i t i o n .  Mix we l l .  

7 .  P l a t e  0.15 m l  of t h i s  mixture  i n  t h e  bottom of each of  t h e  c e n t r a l  8 
w e l l s  of a 24-well t i s s u e - c u l t u r e  p l a t e .  The bu t ton  t h a t  forms when 
t h i s  is done should be allowed t o  c l o t  i n  t h e  absence of v i b r a t i o n s .  
The remaining w e l l s  of t h e  micro-cu1tur.e p l a t e  should be f i l l e d  wi th  
1 . 0  m l  s t e r i l e  d i s t i l l e d  1170 f o r  mois tu re  r e t e n t i o n  i n  t h e  covered p l a t e .  

8. Leave a t  room temperature u n t i l  t h e  c l o t s  have formed. 

9 .  Incubate  a t  37OC i n  42 C02 incuba to r ,  pii 7.14 f o r  30 h r .  
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10. Add 0.15 m l  of FeC13 s o l u t i o n .  Tliis r a d i o i r o n  is provided by 
New England Kuclear Corp. with s p e c i f i c  a c t i v i t y  around 20 mCi/mg 
Fe i n  buf fe red  sodium c i t r a t e .  I t  should be d i l u t e d  i n  E a r l e ' s  
Balanced S a l t  So lu t ion .  

11. Incubate  c u l t u r e s  18 hr  wi th  the i so tope .  

12.  Remove medium from the wel l s .  

13. Fix  t h e  bu t tons  with 5% g l u t a r a l d e i ~ v d e  i n  0.01 M phosphate b u f f e r  
pH 7.0-7.2 f o r  6 min. 

14. Rinse i n  s e v e r a l  changes of d i s t i l l e d  H 2 0  over 2.5 - 3.0 h r  pe r iod .  



15. L i f t  c l o t s  and t r a n s f e r  them t o  a c i d  c leaned  r l i d e s ,  

6 Dry 8l;drr  i n  air a t  room temperature,  

17. Dip s l i d e s  i n  Rodak NTB2 nuc lea r  t r a c k  emulsion a t  4E50eC.  

18. Expoae radioautographr  f o r  5 days  I n  da rkner r  a t  4%. 

19. Develop radiorutugrapha i n  D-170 developer.  

20, S t a i n  wi th  Ciemsa. 

21. Count the t o t a l  number 01 r a d i o a c t i v e l y  l a b e l e d  c o l o n i e s  per c l o t ,  
where a colony is a group of 8 o r  more c e l l s .  Use 160-200X 
magnif ica t ion.  

The important  s o l u t i o n s  f o r  t h i e  procedure a r e :  1 
1. C i t r a t e d  bovine plasma, s t o r e d  a t  -20°C, o b t a i n a b l e  from Grand I r l s n d  

B i o l o g i c a l  Co. (GIBCO) . 
2. Reconet i t u t e d  beef embryo e x t r a c t  d ieso lved  i n  "supplemented medium", 

a l s o  from CIBCO. 

3 .  "Supplement cd Medf urni'--Eagle' s P l P l  w i t h  iiankr ' Balanced S a l t  S o l u t i o n  
ae base  p lus  Eagle ' s  non-essent ia l  amino a c i d s  and pyruvate  a t  t h e  
s t andard  culture-medium concen t ra t ions ,  50-100 U o r  mcg p e n i c i l l i n  and 
s treptomycin/ml. 

4 .  Heat i n a c t i v a t e d  (60°C. 30 min) f e t a l  c a l f  serum, s t o r e d  a t  -20%. ! 
5. ESF s o l u t i o n ,  d i s so lved  a t  10  U/ml i n  "supplemented medium", not 

f i l t e r e d ,  s t o r e d  a t  -20°C. 

6. L-asparagine, 2 mg/ml i n  "supplemented medium", f i l t e r  s t e r i l i z e d  and 
s t o r e d  n t  -20°C. 

7 .  C u l t u r e  medium NCTC-109 p h s  a n t i b i o t i c s ,  s t o r e d  a t  4'C, s i n g l e  s t r e n g t h .  1 
9. Bovine serum albumin F r a c t i o n  V ,  10% fitock s o l u t i o n  made by d i s8o lv ing  

a t  4'C f o r  2.5 hr.  , obta ined from Sigma Chemical Co. i 
These s o l u t i o n s  a r e  combined f o r  t h e  execut ion of t h e  s t e p s  i n  t h e  above 
procedure a s  desc r ibed  by McLeod e l .  a l .  (19) .  An a l t e r n a t i v e  t o  t h i s  
procedure invo lves  o m i t t i n g  t h e  r a d i o a c t i v e  l a b e l  and radioautography 
and s t a i n i n g  f o r  hemoglobin i n  t h e  t r a d i t i o n a l  manner w i t h  benz id ine  
d e r i v a t i v e s .  

TASK 1V. E l e c t r o p h o r e t i c  N o b i l i t y  C h a r a c t e r i s + i c s  of Kidney C e l l s  I 
With continued a c q u i s i t i o n  of f r e c k  e x p l a n t s  of human kidney c e l l s ,  

a s e r i a l  s t r a i n  numbering system wae adopted. The f i r s t  exp lan t  was 
c a l l e d  HFK, t h e  second HFK-1, e t c .  T o t a l  cons i s t ency  was not  expected 
among d i f f e r e n t  e x p l a n t s ,  but  some regu la r  p a t t e r n s  emerged. Cul tureu 
t h a t  were low i n  f i b r o b l a s t s  were t h e  most i n t e r e s t i n g ,  and a l l  of t h e s e  
a l s o  developed popu la t ions  of v i a b l e ,  non-adherent c e l l s ,  which could be 
d i s t i n g u i s h e d  and enumerated i n  c u l t u r e s  by phase microscopy. I n  e a r l y  
e l e c t r o p h o r e t i c  s e p a r a t i o n  experiments i t  was considered d e s i r a b l e  t o  
c u l t u r e  t r y p s i n i z e d  c e l l s  i n  suspension f o r  6 h r  be fo re  electrophoresis. 
Th is  procedure normally permits  s u r f a c e  g lycopro te in  regenera t ion  i n  
con?inuous c e l l  l i n e s ,  bu t  i t  k i l l e d  a l l  but  the  non-adherent c e l l s  i n  
ear ly-passage human kidney c e l l  ~ u s p e n s i o n s .  A l l  e l e c t r o p h o r e s i s  
experiments a r e  now done using f resh ly - t ryps in ized  c e l l s .  



Early-aassage c e l l s  of  train HFK-1 were s u b j e c t e d  t o  d e n s i t y  g r a d i e n t  
e i e c t r o p h c - - .  is a f t e r  mixing wi th  f i x e d  r a t  e ry th rocy te8  ( R B C ) ,  Figure  
4 shows t h e  r e s u l t i n 8  e l e c t r o p h o r e t i c  p r o f i l e .  I t  i n d i c a t e s  t h a t  t h e  
e l e c t r o p h o r e t i c  r b b i l i t y  of t h e  modal HFK-1 c e l l r  i r  about 70% t h a t  of  
t h e  f j x e d  RK'S i n  t h e  F i c o l l  g r a d i e n t  ( i n  which t h e  o r i g i n  was around 
f r a c t i o n  35), and the  non-adherent c e l l r  had about 60% the  m a b i l i t y  
of  RBC's .  Non-adherent ("round") c e l l s  were fewer i n  number than 
a t t a c h i n g  c e l l s ,  and t h e i r  average mobi l i ty  was lower. Th i s  p a r t i c u l r r  
popu la t ion  was not s t u d i e d  f o r  its urokinase  a c t i v i t y .  

Human kidney HFK-3 c e l l s  a t  t h e  f i r s t  passage were separa ted  by 
d e n s i t y  g r a d i e n t  e l e c t r o p h o r e s i s ,  and f r a c t i o n s  were grown i n  c u l t u r e  
i n  5 m l  complete medium i n  60 am t i s s u e  c u l t u r e  d i s h e s  f o r  two weeks. 
A f t e r  t h e  superna tan t  was sampled f o r  u rok in r se  a c t i v i t y  i t  was sampled 
f o r  non-adherent tells. The monolayers were t r y p s i n i z e d  and a l s o  counted. 
I t  appeared from t h e  ce l l - coun t  p r o f i l e  of Figure  5 t h a t  f r a c t i o n s  con- 
t a i n i n g  t h e  h igh numbers of a t t ached  c e l l s  a l s o  conta ined high numbers 
o f  unattached c e l l e .  Cou l te r  volume spect rometry  revealed t h a t  non- 
cdherent  c e l l s  were smal le r  than  a t t a c h e d  c e l l s  by a s  much a s  a f a c t o r  
of 4 i n  volume (Figure  6 ) .  The f r a c t i o n s  h i g h e s t  i n  c e l l s ,  21-23 i n  
t h i s  experiment,  d i d  not co inc ide  w i t h  mximum urokinase  product ion 
shown i n  Figure  7 ,  which d e s c r i b e s  t h e  same experiment ( b l o t t e d  a s  empty 
c i r c l e s ) .  I t  t h e r e f o r e  appears  t h a t  urokinase  producing c e l l s  were a  
r a t h e r  smal l  p ropor t ion  of c h i s  p a r t i c u l a r  exp lan t  and t h a t  UK a c t i v i t y  
was high,  on a  per  c e l l  b a s i s ,  i n  t h e  lower-mobil i ty f r a c t i o n s ,  namely 
f r a c t i o n s  25-32. 

S i m i l a r  s e p a r a t i o n  experiments were performed a t  passage 1 and passage 
2 of s t r a i n  IIFK-3, and a s  Figure  7 i n d i c a t e s ,  s p e c i f i c  c e l l  f r a c t i o n s  
were found t o  produce UK i n  both cases .  Unfor tunate ly ,  t h e  app l i ed  
e l e c t r i c  f i e l d s  were not t h e  same i n  t h e  two experiments,  so t h e  f r a c t i o n s  
cannot be d i r e c t l y  r e l a t e d .  In both c a s e s ,  UK producing c e l l s  appeared 
t o  be a t  l e a s t  bimodally d i s t r i b u t e d  among t h e  c o l l e c t e d  f r a c t i o n s .  I t  
is  p o s s i b l e  t h a t  t h e r e  w i l l  be more than one e l e c t r o p h o r e t i c  popula t ion 
of  c e l l s  producing L'K i n  c u l t u r e s  i n  genera l .  The c e l l  popula t ion 
desc r ibe*  by t h e  d a t a  of Figure  8 behaved s i m i l a r l y .  There were two 
e l e c t r o p h o r e t i c  peaks of urokinase  producing c e l l s  and evidence t h a t  t h e r e  
were two popula t ions  whose UK product ion inc reased  between day 12 and day 
1 3  i n  c u l t u r e  a f t e r  e l e c t r o p h o r e t i c  s e p a r a t i o n .  In  t h e s e  experiments 
UK a c t i v i t y  was assayed on a l i q u o t 8  of superna tan t  c u l t u r e  medium us ing  
t h e  c o l o r i m e t r i c  4-rnethoxy-2-naphthylamide method (Figure  2 ) .  A c t i v i t y  
u n i t s  per v i a b l e  c e l l  i n  separa ted  f r a c t i o n s  have not  y e t  bcen determined.  

In summary, e l e c t r o p h o r e t i c  s e p s r a t  i o n s  have produced popu la t ions  of 
v i a b l e  adherent  and non-adherent c e l l s  and c e l l  f r a c t i o n s  capable  of producing 
d i f f e r i n g  amounts of UK upon subsequent c u l t i v a ~ i o n .  ' there miy be mare 
than  one e l c t r o p h o r e t  i c  c e l l  subpopulat  ion  capable  of UK product ion.  
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Table 1. V i a b i l i t y  of suspended c e l l s  undergoing 
v a r i o u s  t r e a t m e n t s  i n  e l e c t r o p h o r e s i s  
b u f f e r s  and f r e e z i n g  s o l u t i o n s .  V i a b i l i t y  
c r i t e r i o n  was at tachment and sp read ing  i n  
c u l t u r e  w i t h i n  24 hours  a f t e r  p l a t i n g .  
PBG = phosphate-buffered glucose ,  r e c i p e  
i n  Table  2. 

SOLUTION 

Complete medium 

Complete medium 

PBG + 6.82 suc rose  

PBG + 6.82 sucrose  
+ 10% DMSO 

PBG t 6.8% sucrose  
+ 5 %  DWSO 
+ 5% g l y c e r o l  

PRG + 5 Z  sucrosr 
+ 10% f i c o l l  

PBG + 5.92 suc rose  
+ 5.0% f i c o l l  

PBC + 3.9% sucrose  
+ 5.0% f ico l .1  
+ 10% DMSO 

A-1 b u f f e r  + 10X DMSO 

A-1  b u f f e r  + 102 DNSO 

PBG + 6.8% sucrose  
+ 1@T: DMSO 

TREATMENT 

Room temp. 3h 

4°C 3h 

4 O c  3 11 

4 O C  3h 

4°C 3 11 

4°C :h 

Freeze-t  haw c y c l e  

Freeze-thaw c y c l e  

X VIABLE 

7 1 

58 

68 

7 5 



Table 2. Composition of phosphate-buffered glucose (PBG) and PBG-sucrose, 
which is PBG with 6.8% sucrose to give isosmolarity. 

COMPONENT MW - 
KCL 74.56 

llgCl2 6H20 203.33 

Na2HP04 141.96 

KHzp04 139.09 

Glucose 180.16 

Table 3. Composition of zero-g electrophoresis 
buffer used in viability tests (A-1). 

Na2 HP04 

KHz PO4 

Na 2 EDTA 

Glucose 

Glycerol 



Table 4. composition of trypsinizing solution I used before viability studies and 
electrophoresis. 

COMPONENT 

NaCa 

NaHCO 3 0.35 

Na2HP04 7H20 0.09 

KH2POb 0.06 

Na 2 EDTA 0.20 

Glucose 1.00 

Phenol red 0.01 

Trypsin, bovine pancreatic 1:250 0.50 

Table 5. Comparison of kinetic parameters of three synthetic substrates 
of urokinase. 

SURSTRATE 
* * v 

max - 

Acetyl-lysine methyl ester 7.7 x lom4 1.00 lom3 

Acetylglycl-lysine methyl ester 5.9 2.50 x 10-3 

* 
molarity 

* * 
pmole substrate/CTA unit/minute 
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Figure 2 .  Spectrophotometric cal ibration curve for the proteolytic 
determination of urokinase a c t i v i t y  using the synthetic 
4-methoxy-2-naphthylamide substrate and Fast Blue B dye. 

-- -- - -- -. -- 
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Figure 3. React ion kinetics of the urokinase-catalyzed hydrolysis of 
I 

synthetic 4-methoxy-2-naphthylamide substrate as determined 
t by spectrofluorometry. 

----- - 
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Figure 4 .  Density grad ien t  e lec t rophore t ic  p r o f i l e  of early-passage 
HFK-1 c e l l s  co-electrophoresed with f ixed r a t  red blood c e l l s  
a s  markers. The mobili ty of the kidney c e l l s  i n  the peak 
f r a c t i o n  i s  estimated t o  be 70% of t ha t  of t he  RBC's. Fract ions 
were co l lec ted  d i r e c t l y  i n t o  c u l t u r e  ves se l s ,  and the number of 
c e l l s  per 16X f i e l d  was counted 24 hr l a t e r .  

- - .  -- 

ELECTROPHORETIC  F R A C T I O N  



Pipure 5. Cell counts in cultures two weeks a f t e r  collect ion of density- 
~ r a d i e n t  e lec r rophore~ ic  f r a c t i o r ~  of HFK-3 c e l l s .  Suspended 
ce l l s  were non-adherent and were determined by Coulter counting 
of the supernatant medium I n  each culture.  Attached c e l l s  were 
determined by trypsinixing each monolayer and Coulrer counting. 
Volume  distribution^ were o ~ t a i n e d  fo r  both components of each 
cultured f ract ion.  Electrophoretic mi&ration w.8 rwrard the l e f t .  

--- - 
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Figure 6 .  Couller log-volume distribuiions of  one fraction of  c e l l s  from 
prof i l e  shown in Figure 5 .  The ordinace is  proportional t o  c e l l s  
per log-volume i n ~ c r v a l ,  and ~ h c  abscissa i s  proportional t o  
the logarithm of c e l l  volume; each channel reFresenis 2X the 6olume 
of the preceding channel, so thar suspended c e l l s  have about the 
volume of attached c e l l s .  --- - 
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