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A N e w  Direc t  Method  for the A s s a y  of H u m a n  Renin  

The  e luc ida t ion  of t he  physio logica l  and  pa tho log ica l  
roles of the  r en in -ang io t ens in  sys t em has  been  h i n d e r e d  b y  
t he  lack of a d i rec t  assay  for renin .  Cur ren t  a n a l y t i c a l  
t e chn iques  d e p e n d  on t he  m e a s u r e m e n t  of t he  r a t e  of 
ang io t ens in  I and  I I  f o r m a t i o n  d u r i n g  i n c u b a t i o n  w i t h  
r en in  subs t r a t e .  These  m e t h o d s  h a v e  shown  t h a t  in  some 
cases of rena l  hype r t ens ion ,  p l a s m a  ren in  a c t i v i t y  is h igh.  
But ,  t he re  is no t  necessar i ly  a s t r a i g h t  fo rward  re l a t ionsh ip  
be tween  t he  biological  a c t i v i t y  of r en in  and  its concen t ra -  
t ion  1. The  reasons  for th i s  m a y  only  be  d e t e r m i n e d  if r en in  
c o n c e n t r a t i o n  as well  as a c t i v i t y  can  be  measured .  

Methods. W e  t lave car r ied  ou t  p r e l i m i n a r y  work  on  a di- 
rect ,  q u a n t i t a t i v e  i m m u n o c h e m i c a l  m e t h o d  for h u m a n  
p l a s m a  r en in  d e t e r m i n a t i o n ,  based  on  t he  ' l ine electro-  
phores i s '  t e c h n i q u e  of KROLL e. This  employs  t he  e lectro-  
phore t i c  n l o v e m e n t  of p ro t e in s  f rom an  agarose  sample  gel 
in to  one c o n t a i n i n g  an t i s e rum.  As t he  a n t i g e n - a n t i b o d y  
complexes  fo rm prec ip i t in  l ines appear .  The  f inal  d i s t ance  
m o v e d  b y  a l ine f rom t he  sample  gel b o u n d a r y  is p ropor -  
t iona l  to  t he  a n t i g e n  c o n c e n t r a t i o n  pe r  u n i t  l e n g t h  s a m p l e  
gel b o u n d a r y  (Figure 1). The  m o v e m e n t  is inverse ly  pro- 
p o r t i o n a l  to  t he  a n t i b o d y  t i t r e  (Figure  2). The  m e t h o d  has  
been  a d a p t e d  to  use  t he  m i n i m u m  a m o u n t s  of s t a n d a r d  
r en in  and  p l a s m a  samples .  The  sepa ra t ions  were car r ied  
ou t  on  5 cm square  glass slides, in 1% agarose,  0 . 0 2 M  bar-  
b i t o n e  ace t a t e  buf fe r  (pH 8.6) gel c o n t a i n i n g  1 m g / m l  
E D T A .  The  a n t i s e r u m  h a d  a h igh  t i t r e  of a n t i r e n i n  (170 
ang io t ens in  un i t s  m l  measu red  b y  in v i t ro  depress ion  of 
ang io t ens in  fo rmat ion) ,  and  on ly  ve ry  weak  an t ibod ie s  to  
o t h e r  p l a s m a  p ro t e in s  (assessed b y  p l a s m a - a n t i r e n i n  2 
d i m e n s i o n a l  immuno-e lec t rophores i s ) .  

The  iden t i f i ca t ion  of t he  r e n i n - a n t i r e n i n  p rec ip i t in  l ine 
a n d  t he  m i n u t e  q u a n t i t i e s  of r en in  be ing  assayed  presen t -  
ed t h e  m a i n  p rob lems .  I m p u r i t y  an t ibod ie s  in  the  an t i -  
r en in  were p rec ip i t a t ed  b y  t he  a d d i t i o n  of anephr i c  h u m a n  
se rum 3. This  d id  no t  affect  t he  a n t i r e n i n  t i t re .  The  electro-  
phore t i c  m o b i l i t y  of h u m a n  ren in  cor re la ted  w i t h  t he  po- 
s i t ion  of t he  peak  fo rmed  w h e n  t he  h u m a n  ren in  p r epa ra -  
t ion  was r u n  aga ins t  t he  pa r t i a l l y  pur i f ied  a n t i r e n i n  in 2 
d imens iona l  i m m u n o - e l e c t r o p h o r e t i c  separa t ions .  The  
m i n u t e  q u a n t i t i e s  of p r o t e i n  used necess i t a ted  p r e l i m i n a r y  

a d j u s t m e n t  of t he  a n t i r e n i n  c o n c e n t r a t i o n  to give max i -  
m u m  line m i g r a t i o n  and  def in i t ion .  Pur i f i ed  agarose  fur-  
t h e r  increased  l ine m i g r a t i o n  and  reduced  endosmosis  to  a 
m i n i m u m  4. 

To d e t e r m i n e  t he  c o n c e n t r a t i o n  of r en in  in h u m a n  plas-  
ma,  2 sample  gels were used pe r  slide, one c o n t a i n i n g  s t an -  
d a r d  r en in  ( abou t  5.4 ag) a n d  t he  o t h e r  s t a n d a r d  ren in  
(about  5.4 ~zg) plus  p l a s m a  (abou t  100 F1). E r r o r  due  to  va-  
r i a t i on  in a n t i s e r u m  c o n c e n t r a t i o n  was t h u s  avoided.  The  
exac t  size of a sample  gel was  assessed b y  weighing  a n d  
l ine m i g r a t i o n  m e a s u r e d  on a n  enlarged,  p ro j ec t ed  image.  

The  di f ferences  b e t w e e n  t he  lille m i g r a t i o n s  of k n o w n  
a m o u n t s  of s t a n d a r d  renin ,  w i t h  or w i t h o u t  added  p lasma ,  
were used to  d e t e r m i n e  t he  c o n c e n t r a t i o n  of r en in  in  t h e  
p l a s m a  samples  in t e r m s  ot a g / m l  of s t a n d a r d  ren in .  The  
r e l a t i onsh ip  be tween  r en in  c o n c e n t r a t i o n  and  l ine migra -  
t ion  was shown to be  l inear  in t he  r ange  used (Figure 1). 
R e n i n  a c t i v i t y  was m e a s u r e d  b y  t he  p r o d u c t i o n  of angio-  
t e n s i n  I I  f rom a semi-pur i f ied  dog r en in  s u b s t r a t e  5. One 
u n i t  of r en in  a c t i v i t y  was t a k e n  to be  e q u i v a l e n t  to  a n  ini-  
t i a l  ang io t ens in  p r o d u c t i o n  r a t e  of 1.0 ng  ang io tens in  
I I / m l / h .  

Results. Using  t he  t e c h n i q u e  descr ibed,  p r e l i m i n a r y  re- 
su l t s  (Table) show t h a t  t he  m e a n  p l a s m a  r en in  concen t r a -  
t ion  in 3 n o r m a l  samples  t a k e n  f rom sub jec t s  w i t h  no  
k n o w n  h i s t o ry  of r ena l  disease, was  5.8 ~xg s t a n d a r d  ren in  
pe r  ml.  Th i s  is e q u i v a l e n t  to  a t heo re t i ca l  p l a s m a  r en in  ac- 
t i v i t y  of 18.2 un i t s  assessed b y  t he  b ioas say  s y s t e m  a. The  
ac tua l  p l a s m a  ren in  a c t i v i t y  was found  to  be  1.15 uni ts .  
Thus  t he  theo re t i ca l  a n d  ac tua l  r en in  ac t iv i t i e s  di f fered 
marked ly .  However ,  a closer co r re l a t ion  was o b t a i n e d  be-  
tween  t he  theo re t i ca l  and  ac tua l  ac t iv i t i e s  of 3 p l a s m a  
samples  f rom rena l  h y p e r t e n s i v e  pa t i en t s .  These  h a d  a 
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Fig. 1. Relationship between distance of line migration in line 
electrophoresis and antigen concentration for renin-antirenin inter- 
action. 
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Fig. 2. Relationship between distance of line migration in line electro- 
phoresis and the antiserum concentration for renin-antirenin inter- 
action. 
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Human plasma renin concentrations, theoretical activity b and actual activity~ in normal, anephric and renal hypertensive patients 

Mean plasma renin concentration~ Mean theoretical renin activity b Mean actual renin activity~ 
(~g standard renin per ml plasma) (ng angiotensin per ml plasma per h) (ng angiotensin per ml plasma per h) 

Normal3 5.8 18.2 1.15 
Anephric 2 0.0 0.0 0.0 
Renal hypertensive a 1.2 3.7 4.45 

Measured by line electrophoresis 
b Calculated from renin concentration and the activity of the standard human renin preparation 
~ Measured by bioassay 

Individual assays were done in triplicate 

m e a n  renin concen t ra t ion  of 1.2 ~zg s t anda rd  renin-ml,  
equ iva len t  to a theore t ica l  p l a sma  renin ac t iv i ty  of 3.7 
units .  The mean  p lasma  renin ac t iv i ty  was e s t ima ted  to be 
4.5 units .  Anephr ic  h u m a n  p lasma  con ta ined  no renin  de- 
t ec tab le  by  these  techniques .  

Discussion. These ini t ial  resul ts  suggest  two things.  
F i r s t  t h a t  the  p roduc t ion  of angio tens in  I I  f rom semi- 
pur i f ied  dog subs t r a t e  by  h u m a n  renin  is cons iderably  in- 
h ib i ted  in normal  plasma.  This  is shown by  compar i son  
wi th  the  p roduc t ion  of angio tens in  I I  dur ing  incuba t ion  of 
h ighly  purif ied h u m a n  renin  in s imilar  condit ions.  Second 
t h a t  pa t i en t s  w i th  renal  hype r t ens ion  have  a lower con- 
cen t ra t ion  of renin t h a n  normal ,  yet ,  in the  few cases s tu-  
d ied show a h igher  renin  ac t iv i ty .  These observa t ions  
could be expla ined  in two  ways .  E i t he r  the  renin  is in a 
more  act ive  form, or there  is less inh ib i t ion  of angio tens in  
p roduc t ion  in t he  p lasma  of pa t i en t s  wi th  renal  hype r t en -  
sion. The possible exis tence  of an inh ib i to ry  sys t em has al- 
r eady  been  pos tu Ia ted  9. 

Rdsumd. Nous avons  inst i tu6 une nouvel le  m6thode  di- 
recte  pour  l ' e s t ima t ion  du r6nin par  l ' immuno61ectropho-  
r~se. Les r6sul ta ts  pr61iminaires ob tenus  par  ce t te  m6- 

thode  ind iquen t  que des changemen t s  i m p o r t a n t s  p e u v e n t  
se Iaire dans  l 'act ivi t~ enzyma t ique  du r6nin dans  le cas 
de pa t i en t s  a y a n t  de l ' hype r t ens ion  r6nale. 
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Storage of Streptomyces in Soft Agar and by Other Methods 

Long term conservation. There are numerous  me th o d s  
avai lable  for the  tong t e r m  p rese rva t ion  of microorga-  
nisms i, ~ We  have  employed  several  of t h e m  for the  main-  
t enance  of a r a the r  large collect ion of s t r ep tomyce t e s  and 
found  the  following qui te  useful : 1. Soil cul ture - a m e t h o d  
r e c o m m e n d e d  r epea t ed ly  for t he  conserva t ion  of fungi  
and s t reptomycetesS,~:  3/loSt of our 165 soil cul tures  
p repa red  in 1958 ~ could be subcu l tu red  af ter  8 years  of  
s torage and  even  n e w  m a n y  of t h e m  give a h igh viable  
count.  2. Deep freeze: Our observa t ions  on the  v iabi l i ty  
of 400 cul tures  kep t  a t  --  20 ~ for 5 years  agree well w i th  
those  made  by  o ther  inves t iga tors  6, L In  order  t o  save 
s torage space in t he  deep freeze unit ,  the  s t r e p t o m y c e t e s  
were grown in ampoules  which  were sealed af ter  the  
d e v e l o p m e n t  of a ma tu r e  aerial myce l ium had  t aken  place. 
3. Lyophi l i za t ion  - the  m e t h o d  mos t  widely  employed :  
The procedure  suggested by  HOPWOOD and  FERGUSON s 
has been used. Our l iophils - p repa red  1I/2 years  ago - 
give heavy  growth.  4. Dry ing  in nu t r i en t  gelat in  discs 9: 
Of 50 s t r ep tomyce t e s  dried 2 o r  3 years  ago 35 y ie lded a 
high viable  coun t  recent ly ,  whereas  t he  others  gave only  
few colonies per  disc or had  died. 5. Dry ing  on unglazed 
porcelain beads  10,11:60 s ta ins  - p reserved  by  th is  m e t h o d  
11/2 years  ago - are easily rev ived  b y  placing a bead  

charged wi th  spores on a n u t r i en t  medium.  - A similar  
me t h o d  suggested by  PERKINS 12 using anhydrous  silica gel 
as acceptor  of the  spore suspension p roved  to be un- 
sui table  for s t r ep t o my ce t e s  as these  organisms could no t  
be recovered af ter  a shor t  t ime  of storage.  

W i t h  mos t  me t h o d s  for long t e r m  conservat ion,  the  
organisms have  to be revived and  p ropaga t ed  before t h e y  
can be used in t he  expe r imen t s  i n t ended  ; soil cul tures  and  
agar  cul tures s tored in deep freeze m a y  be except ions .  
Therefore,  the  inocululn for ' expe r imen ta l  med ia '  usual ly 
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