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dass dabei  die posi t ive Ladung  auf  dem N - A t o m  der  P - N -  
B indung  lokalisiert  wird. 
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\Vir m6ch ten  von  Versuchen berichten,  die eine solche 
W i rk u ng  zeigen. 

Monobenzyl -Phosphoroguanid id  (II,  R = CH 2 . C~Hs) 
b i lde t  K o m p l e x e  mi t  den folgenden Ionen :  Li 1, Mg n, 
Cr n, M n n  FenI ,  Co n, NiII, CulI und Zn II, und wir haben 
die Komplexe  mi t  Mg II, Mn n, Co II und Znn  isoliert. In  
Gegenwar t  yon  ~Vasser k6nnen die Mn I1, Fe  In, Co n, 
Cu II, und Zn n K o m p l e x e  hydrol is ier t  werden  un te r  Be- 
dingungen,  in denen  ( I I :  R = CH 2 . C6H5) stabil  ist. 
T r o t z d e m  sind die angewand ten  Bedingungen  noch ver-  
h~tltnism~tssig in tens iv  (nach 12 h bet 80 ° wird der  Zink- 
komplex  zu 50% hydrolys ier t ,  w~ihrend un te r  denselben 
Bedingungen  der  Magnes iumkomplex  mehrere  Tage  lang 
s tabi l  b le ibt  : der  Mangankomplex  ist betHicht l ich labiler 
als der  Zinkkomplex) .  

Die Reak t ion  des Zinkkomplexes  ( I I I :  R = CH 2 • C2H5, 
M =  Zn) mi t  Monophenylphosphors~ure  ergab P~-Benzyl- 
P2-Phenyl -Pyrophospha t ,  das als (IV) isoliert  wurde.  
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Sowohl  diese Pyrophosphat - I3 i ldung als auch  die oben 
erw~thnte Hydro lyse  sind Beispiele eines nucleophi len 
Angriffes  (z. B. yon y(3) auf  das Phospho ra tom des Kom-  
plexes ( I I I :  R = C H 2 .  C6H 5, M = Z n )  mi t  gleichzei t igen 
Spa l tung  der  P - N - B i n d u n g .  
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%Vir glauben, dass eine solche Meta l l ionen-Kata lyse  fiir 
die in-vivo-Phosphorylierung yon  A D P  durch  Phospha-  
gene ve ran twor t l i ch  sein k6nnte ,  obwohl  man  beach ten  
muss, dass die in-vivo-Labilit~t yon Phosphagenen  viel  
gr6sser ist  als jede, die m a n  bisher  in e inem in-vitro- 
Sys tem beobach te t  hat .  

Summary. Phosphoroguanida tes ,  a class of compounds  
which includes the  enzymat ica l ly -ac t ive  phosphagens ,  ex- . 
h ib i t  except iona l  in vitro stabi l i ty.  This  lack of r e ac t i v i t y  
implies an in vivo mode of ac t iva t ion ,  as ye t  undiscerned.  
A va r i e t y  of me ta l  ions catalyse the  c leavage of the  phos-  
phorus-n i t rogen  bond wi th  consequent  phosphory l -g roup  
transfer ,  b u t  the  enhancemen t  of ra te  seems insuff icient  
to account  for the  known act ivi t ies  of phosphoro-crea t ine  
and phosphoro-arginine.  I t  is suggested t h a t  ye t  ano the r  
mode of ac t iva t ion ,  chemica l  or biochemical ,  awai ts  dis- 
covery.  
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T h e  C o u r s e  o f  D e p o l y m e r i z a t i o n  o f  D N A  b y  

D N a s e  I 

I n  the  preceding repor t  x we observed t h a t  t h y m u s  
DNA,  hav ing  a molecular  weight  of some 500 × 104, pre- 
pa red  according to FEULGEN o r  GULLAND, %vas depoly-  
merized by  DNase I in the  absence of Mg ++ into a small  
D N A  called b nucleic  acid z hav ing  a s ingle-s t randed struc- 
ture,  the  molecular  weight  of which was abou t  5 × 104. 
D N A  prepared  by  the  m e t h o d  of GULLAND 3 (Gulland 's  
DNA)  showed the  propert ies  of a double  hel ical  s t ructure ,  
whereas  D N A  prepared  by  the  m e t h o d  of FEULGEN 4 
(Feulgen 's  DNA) showed ones of a double  r a n d o m  coil 5. 

Recen t ly  we have  made  an inves t iga t ion  of an in ter -  
med ia te  th rough  which a double helical  DNA,  for example  
Gul land ' s  DNA,  was degrada ted  by  DNase  I into b nu-  
cleic acid, in order  to decide wha t  kind of molecular  
s t ruc tures  i t  has f rom amongs t  var ious  possibilities, such 
as a, b, c and d shown in Figure  1; a showed a single- 
s t randed  DNA,  b a double  r andom coil, c a double helical  
s t rand  cons t ruc ted  of two shor t  polynucleot ide  chains 
and d a double  helical  s t rand  cut  short  f rom some ends. 

To 0.1% Gul land ' s  D N A  solution in wate r  was added  
DNase  I (final concen t ra t ion  5 [~g/ml / a t  35 ° and the  
changes of v iscos i ty  and absorbancy  a t  260 m~ of the 
reac t ion  mix tu r e  were observed.  As shown in Figure  2, 
O ~digest/c~r~°rigig6 ha rd ly  increased unt i l  the  react ion ~ 2 5  D / ' - -~250 
m i x t u re  showed a ~tecrease of as m u c h  as 80% in re la t ive  

digest digest 6 " viscosi ty,  bu t  OD70o /ODzs0 increased f rom the begin- 
ning in accordance wi th  the  drop in the  viscosi ty  (dotted 
line in Figure  2). T h e n  an a l iquot  of the  same react ion 

mix tu re  was t aken  a t  var ious  in terva ls  of incubat ion  and 
injected into  5 vol  of e thanol  ad jus ted  to p H  4.5 wi th  
0.25N HC1, and the  resu l tan t  prec ip i ta te  was subjec ted  
to paper  e lectrophoresis  (200 V, 4 mA the  cur ren t  flow 
last ing 2h, the  e lec t ro ly te  solut ion used being ~I/50 
ace ta te  buffer  of p H  5.0). Before the  re la t ive  viscosi ty  of 
the  react ion mix tu re  d ropped  to 20% of the  original  
value,  the  spot  of the  original  D N A  detec table  by  UV 
l ight  d iminished and disappeared rapidly,  while a new 
spot,  hav ing  as large migra t ion  ra te  as b nucleic acid, 
appeared  and increased quick ly  (Figure 3). These facts 
migh t  show t h a t  this  b acid-l ike in te rmedia te  produced 
a t  the  ini t ial  s tep of the  react ion had ye t  a considerable 
h y p o c h r o m i c i t y  a t  25 ° in con t ras t  wi th  b nucleic acid, 
bu t  even  this  hypochromic i ty  disappeared easily at  70 ° 
in con t ras t  wi th  Gul land ' s  DNA.  

10 mg  of Gul land ' s  D N A  were incubated  with  50 ~g of 
DNase  I a t  35 ° under  a lmos t  the same condit ions as men-  
t ioned above,  and  when the  re la t ive  viscosi ty  of the  reac-  
t ion mix tu re  dropped  to 20% of original  value,  the  reac-  
t ion m i x t u r e  was in jec ted  into  5 vol  of e thano l  ad jus ted  
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to  p H  4.5 wi th  0 .25N HC1. The s ed imen t  resul t ing f rom 
een t r i fuga t ion  w a s . w a s h e d  twice more  wi th  e thano l  and  
finally ether,  and  dr ied in a vacuum des ica tor  (yield 8.5 
mg). 

The  in te rmedia te  ob ta ined  in th is  m a n n e r  was com- 
pa red  by  paper  pa r t i t ion  c h r o m a t o g r a p h y  wi th  t he  single- 
s t r anded  DNA prepared  by  the  m e t h o d  of MATSUWARA 
et  al. 7 from Gul land 's  DNA,  the  double  r a n d o m  coil 
D N A  (Feulgen 's  DNA) and  b nucleic acid. These  sub-  
s tances  were appl ied to  TOYO Fi l te r  P a p e r  No. 51 and  
developed wi th  a solut ion of 1 .0M N H  8 in 2 M  NaC1 and  
0 .01M p h o s p h a t e  s. The  subs tances  were  c o m p a r e d  also 
b y  pape r  e tect rophores is  (condi t ion as m e n t i o n e d  above) .  
As indica ted  in Figure  4, t he  i n t e r m e d i a t e  m o v e d  wi th  the  
same migra t ion  ra te  as t h a t  of b nucleic acid, while  the  
s ingle-s t randed  or the  double  r a n d o m  coil D N A  ha rd l y  
m o v e d  a t  all. 

In  order  to  know t h e  difference be tween  t h e  in t e rmed i -  
a te  and  b nucleic acid, t h e  following e x p e r i m e n t  was 
carried out.  The i n t e rmed ia t e  was dissolved in 0.151}I 
NaC1 conta in ing  0 .015M sodium c i t ra te  and  hea t ed  at  

/ @  _ 

.... ," 

d r ' "  
Fig. 1 

),N 
/ % " "  

-% 
" , r X .  

I t  \ 
r 

b Nucleic acid 

.. , ~lrd. 
~110 L lZ 
or oo iI _ ~ 1 

Oigest . 

• ,o 

l 
| ] / tin °ig_esl/~ ~l~io est ! 

111 " 
° 

0 ~O 80 )20 100 min 20 h 

. , ~ d i g e s t  t ~ o r i g i n  Fig. 2. u~250 /u~z5 . means the ratio of opticaldensities at #5 ° 
( )Ddiges t  / of the digested DNA solution to the non-digested one. ~ 70" 

or~digeat ~.25 o means~ in digested DNA solution, the ratio of optical densi- 
ties of the solution heated at 70 ° to the same solution maintained at 
25 ° . The dotted line means the relative viscosity of the reaction 

mixture. 

98 ° for 10 min,  followed by  cooling rap id ly  to ob ta in  a 
' d e n a t u r e d '  or ' s ing le - s t randed '  i n t e r m e d i a t e L  And  t h e n  
the  h e a t - t r e a t e d  in te rmed ia te ,  t he  original  i n t e r m e d i a t e  
and  b nucleic acid were dissolved respec t ive ly  in M/15 
p h o s p h a t e  buffer  (p i t  7.3) con ta in ing  2% f o r m a l d e h y d e  
and  incuba ted  a t  35 °, and  the  changes  in abso rbancy  at  
260 m~x by  the  act ion of fo rma ldehyde  were  inves t i -  
ga t ed  9. As shown in F igure  5(a), ODHCHO/OD n° of t he  
i n t e r m e d i a t e  increased only  slowly, whereas  t h a t  of the  
h e a t - t r e a t e d  i n t e rmed ia t e  or b nucleic acid increased a t  a 
tolerable  rate.  Subsequen t ly  the  in te rmedia te ,  the  hea t -  
t r ea t ed  i n t e rmed ia t e  and  b nucleic acid were  dissolved 
respec t ive ly  in ,714/10 ace ta te  buf fe r  (p i t  6.0) and  the  in- 
t r ins ic  viscosit ies of these  subs t ances  were ca lcu la ted  f rom 
specific viscosit ies a t  var ious  concen t ra t ions  of these  solu- 
t ions.  As seen f rom Figure  5(b), the  specific v iscos i ty  of 
t he  i n t e rmed ia t e  solut ion and  the  dependence  of th is  
value up(m concen t r a t i on  were  g rea te r  t h a n  t h a t  of t he  
h e a t - t r e a t e d  in t e rmed ia t e  or b nucleic acid. These  facts  
migh t  indica te  t h a t  the  i n t e rmed ia t e  had  an a s y m m e t r i c a l  
molecular  form due to a double  helical  s t ruc tu re  and  was 
spl i t  by  means  of h e a t - t r e a t m e n t  in to  b acid-like poly-  
nucleot ides.  
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Fig, 5. ODHCHO/ODao means the ratio of optical densities of the 
DNA solution containing formaldehyde to the same solution not 

containing formaldehyde. 
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F u r t h e r m o r e ,  in order  to ascer ta in  this  assumpt ion ,  the 
in t e rmed ia te ,  the  h e a t - t r e a t e d  in t e rmed ia t e  and b nucleic 
acid were dissolved respec t ive ly  in 1% NaCI and the 
solut ions ob ta ined  were analysed  at  59,780 r .p .m.  
(259,700 × g} in a Hi tach i  model  UCA-I  t ype  ul t racentr i -  
fuge. The s ed imen ta t i on  cons t an t s  ob ta ined  from the  
in te rmed ia te ,  the  h e a t - t r e a t e d  in t e rmed ia te  and b nucleic 
acid were 6.2 74 10 ~a, 4.2 x 10 -]3 and  3,9 x lt) 13 respec- 
t ively. T h a t  is, by h e a t - t r e a t m e n t  the  sed imenta t ion  
cons tan t ,  6.2 × 10 1~ of the  i n t e rmed ia t e  was al tered 
in to  a value similar to  t h a t  of b nucleic acid. 

The resul ts  ob ta ined  above canno t  be in te rp re ted  un- 
less it  is a ssumed t h a t  the i n t e rmed ia t e  is a small  DNA 
cons t ruc ted  double-hel ical ly  f rom two b nucleic acids. 
Accordingly,  in the  degrada t ion  of a large double  helical 

1)NA by 1)Nase I, the  I)NA seems to be conver t ed  
th rough  c in Figure 1 into b nucleic acid. 

Zusarntnen/assztng. Es wird beobach te t ,  dass  w~thrend 
der  l ) epo lymer i sa t ion  yon DNA mit  l )N-ase I zur klein- 
molekularen  I)NA (b-Nukleins/~ure), ein bemerkens -  
wertes  Z w i s c h e n p r o d u k t  mi t  phys ico-chemischen  Eigen-  
schaf ten  tier b-Nukleinsfi t tre mi t  doppe l t c r  Helix auf t r i t t .  

M. MATSUDA a n d  K.  MAK1NO 

Department o/ l~iochemislry, .]ikei University School ,ff 
Alediciue, Shiba, Minatoktt, Tokyo (Japan), 
J.ne 13, 1963. 

Observat ions  on the S p e c i e s - N o n s p e c i f i c i t y  of the 
H u m a n  Renal  and Placental  B a s e m e n t  M e m b r a n e  

Ant igens  

Ant isera  p roduced  in the  r abb i t  by  he t e ro immuniza -  
t ion wi th  ra t  or h u m a n  k idney  and  p lacen ta  p repara t ions  
are capable  when  labeled wi th  Iluorescein i so th iocyana te  
of specifically ' s ta in ing '  epi thel ia l  and  mesenchvma l  base- 
m e n t  m e m b r a n e s  as well as o the r  m e m b r a n o u s  and  fibril- 
lar s t ruc tu res  of ra t  anti h u m a n  tissues, respec t ive ly  ~ ~. 
I t  is thus  a p p a r e n t  t h a t  these  ' m e m b r a n e  ant igens ' ,  of 
which  p robab ly  six are p resen t  in the  h u m a n  k idney  and 
p lacen ta  4, are no t  specific to any  one organ bu t  r a the r  are 
widespread  in the  body.  In  order  to de t e rmine  whe the r  
these  ant igens  are also heterogenic 5, t h a t  is, 'widely  dis t r ih-  
u ted  in na ture  w i thou t  regard  to  degree of re la t ionship ' ,  
the  f luorescent  an t i body  t echn ique  of CooNs and KAP- 
LAN6 was utilized. 

The p repa ra t ion  of a n t i - h u m a n  k idney  and a n t i - h u m a n  
p lacen ta  sera, the i r  immunologica l  e x a m i n a t i o n  and tag-  
ging wi th  fluorescein i so th iocyana te  as well as the  s ta in ing  
and  control  scheme are descr ibed  in detai l  e lsewhere a,~. 
The labeled ant i sera  were twice absorbed  wi th  one t en th  
by  vo lume of acetone e x t r a c t e d  mouse  liver powder  and  

lyophil ized h u m a n  blood plasma.  K i d n ey  spec imens  of 
rabbi t s ,  guinea pigs, rats,  and mice were quick frozen 
wi th in  minu te s  af ter  sacrifice, sect ioned in a c ry o s t a t  a t  
4 pt and  incuba ted  wi th  one of the fluorescein labeled 
ant isera .  The incuba t ion  procedures  used and the  resul ts  
ob ta ined  are summar ized  in the  accompany ing  Table and 
co mp ared  wi th  the  resul ts  achieved by  the  same tech-  
niques on h u m a n  tissue. 

F luorescence  microscopical  examina t i on  of k idney sec- 
t ions  of the  guinea-pig and mouse  incuba ted  wi th  fhmres- 
cein labeled a n t i - h u m a n  k idney  or p lacen ta  se rum re- 
vealed specific, br ight  greenish  yellow fluorescence local- 
ized wi th in  the  b a s e m e n t  m e m b r a n e s  of the  g lomerular  
capil laries,  B o w m a n ' s  capsules  and  tubules  (Figure 1). In 
the  contro l  sect ions  the  glomcruli  were barely  discernible,  
whereas  the  tubules  s tood out  due to the i r  s t ronger  non- 
specific cy top lasmic  f luorescence (Figure 2). I t  was 
not iced  t h a t  a s l ight  q u a n t i t a t i v e  difference exis ted in the  

Fig. 1. Section of guinea-pig kidney incubated with fluoresceiu 
labeled anti-human kidney serum showing specific fluorescence 
within the basement Tnembranes of the glomcrular capillaries, 

Bowlllall 'S capsules and t l lbules.  )<~ ,~)o11. 

Fig. '2. Control section of guinea-pig kidney incubated with fluores- 
cein labeled anti-human kidney antiserum absorbed with kidney. "['he 
two glomeruli are barely discernible and sharply contrast with the 
tubules, which stand out due to their pronounced nonspeeifie cyto- 

plasmic fluorescence. "- 125. 
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