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bath at 37°C for 60 min. The resulting turbidi ty  as 
measured by optical density was determined with a 
Beckman DU spectrophotometer against the blank at  
500 m/, with a slit of 10 ram. 

When the standard AMPS were added to the prescribed 
NaC1-CPC solution, it  was found that  (1) only heparin 
produced turbidi ty by the formation of heparin-CPC 
complex, whereas no turbidi ty  was produced by hyal- 
uronic acid, heparitin sulfate and chondroitin sulfates, 
and (2) within the range of heparin concentration 
studied, optical density of the heparin-CPC complex was 
proportional to the concentration of heparin (Figure). 
When 100 /~g of hyaluronic acid, heparitin sulfate and 
chondroitin sulfates were added individually or collec- 
tively to 100 #g of heparin solution, the recoveries of 
heparin added to these AMPS ranged from 98 to 100%. 

This procedure was applied to the estimation of heparin 
contents in aortic tissue; the AMPS extracted from 
human and bovine aortae were prepared in acetate buffer 
solutions and examined in the manner  described above. 
The bovine aortic AMPS gave an average heparin yield 
of 0.75 mg (ranging from 0.4 to 1.3 rag) per 100 g of 
starting wet tissue weight. No detectable turbidi ty  re- 
sulted, however, with any  human  aortic AMPS, even 
though amounts equivalent in weight to those of the 
examined bovine aortic AMPS were utilized. 
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Relation between the heparin concentration and the turbidity.  

To the author 's  knowledge, a method for direct estima- 
tion of heparin which distinguishes heparin from other 
AMPS has not  yet  been reported. The present procedure 
is selective for heparin and has the advantage that  the 
heparin is readily recoverable from the heparin-CP.C 
complex and is available for further analyses; heparin is 
dissociated from the heparin-CPC complex by increasing 
the concentration of NaC1 to 2.1M or greater AnalySes 

• " S 0  of the recovered samples showed approximately 3 
uronic acid 12 and 24% hexosamineX3; paper chromate- 
graphy of the hexosamine ~4 indicated it to be glucosamine. 
Insufficient material prevented further characterization" 

In  the last decade much at tent ion has been called to the 
relationship between mast cells and AMPS in arterial 
walls, especially in respect to arteriosclerosis and the 
potent physiological functions of heparin and related 
substances as anticoagulant compounds and as stimula- 
tors for lipid clearing factor 15, xs. As it is evident that  mast 
cells which produce heparin 1~ are widely distributed in 
blood vessels of various species 7, it is of interest to as- 
certain whether and to what  extent  heparin occurs in 
aortic walls. Present observation would indicate that  ap- 
preciable traces of heparin or related substances are 
present in bovine aortae but  not  in human aortae. This 
result would support the early reports of JoRPES et a1-7 
(1) that  bovine aortic wails contain relatively more mast 
cells than aortic wails of other species, and (2) that  crude 
heparin has been isolated from bovine aortae. 

Zusammen[assung. Es wird eine vereinfachte Methode 
zur quant i ta t iven Bestimmung des Heparins, bei AuS- 
schliessung anderer Mucopolysaccharide, sowie Hyaluron- 
s~Lure, Chondroitinschwefels~Lure und Heparitinschwefel" 
s~iure, beschrieben. Es ergibt sich, dass das Aortagewebe 
des Rindes in kleinen Mengen Heparin enthXlt, wiihrend 
es in der menschlichen Aorta nicht gefunden werden 
konnte. 
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PRO LABORATORIO 

Apparatus for in vitro S t u d i e s  of Mammalian 
Peripheral Nerves and Spinal Funiculi 

In  the apparatus developed by LEHMANN1, and in its 
modification by RVDIN and EISENMAN 2 the temperature 
was controlled by immersing a watertight nerve chamber 
in a water bath. For the drainage of shunting fluids at the 
electrodes, the chamber and the input  and output  tubing 
for the gases had to be taken out of the bath and the 
chamber had to be opened. This type of apparatus was 

obviously inconvenient to handle, and drainage led to a 
temporary disturbance oI the equilibrium in the nerve 
chamber. 

I t  was found possible to overcome these disadvantages 
by constructing the apparatus illustrated in Figures 1 and 
2, which consists of a system for moistening and warming 

1 j .  E. LEHMANN, Am. J. Physiol. 118, 600 (1937). 
2 D. O. RUDiN and G. EISENMAN, J. gen. Physiol. 37, 505 (1954). 
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the gases (I) a n d  a c h a m b e r  w i t h  a lower  (II) a n d  a n  

~ pper  p a r t  ( I I I ) .  I t  is c o n s t r u c t e d  m a i n l y  of perspex .  T h e  
ollow spaces  in  t h e  wails  of  t h e  t h r e e  p a r t s  are  ser ia l ly  

Connected to  a t h e r m o s t a t  ( U l t r a - T h e r m o s t a t ,  Or ig ina l  
Lauda  T y p e  U3,  Dr .  R.  \ ¥ o b s e r  KG. ,  Messger~ te -Werk ,  
Lauda/Tauber, W e s t e r n  G e r m a n y ) .  Comple t e  pe r fus ion  
of the  hol low spaces  is ef fected b y  t he  inse ts  No. I a n d  
No. 2 in p a r t s  I I  a n d  I I I ,  respec t ive ly ,  a n d  b y  a su i t ab l e  
a r r a n g e m e n t  of in l e t  a n d  o u t l e t  pipes.  T he  vo l um es  of t he  
Solutions in p a r t s  I a n d  I1 can  b e  a d j u s t e d  so as to  p r ov ide  
the same  v o l u m e  to  sur face  r a t io  (surface in c o n t a c t  w i t h  
the walls}, w h i c h  is of specia l  v a l u e  in e x p e r i m e n t s  con-  
cerned w i t h  t e m p e r a t u r e  changes .  T h e  f low of gas  is con-  
t rol led w i t h  a gas-f low m e t e r  w h i c h  h a s  a m e a s u r i n g  
range  of 1 .6-16  1/h ( K R O H N E  T y p e  D K  26/N,  K r o h n e ,  
Duisberg,  W e s t e r n  Germany} .  To d isperse  t h e  gas  i n to  
fine bubb le s ,  i t  is pa s sed  t h r o u g h  a f r i t t ed  glass disc  (3) 
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to the right. Part I of Figure 1 is omitted here. For explanation see 
text. 

w i t h  a pore  d i a m e t e r  of 1 0 - 2 0 / z  (P,,  P y r e x  S.A., Par is ) .  
A s c e n d i n g  t h e  c o l u m n  of 0 .9% sa l ine  w i t h  a v a p o u r  
p ressure  s imi la r  to  t h a t  of K r e b s '  a n d  H a s t i n g s '  so lu t ion ,  
t h e  b u b b l e s  a re  h u m i d i f i e d  a n d  w a r m e d .  I n  t u b e  No. 4, 
w h i c h  is filled w i t h  glass  cy l inde r s  h a v i n g  a n  i n t e r n a l  
d i a m e t e r  of 4 m m ,  a n  e x t e r n a l  d i a m e t e r  of 5 mm,  a n d  a 
l e n g t h  of 5 m m ,  t h e  gas is r e m o v e d  f rom t h e  smal l  d rops  
r e su l t i ng  f rom t h e  b u r s t i n g  of t he  bubb le s .  A needle  con-  
n e c t e d  w i t h  t h e  o u t l e t  p ipe  of t u b e  No. 4 c o n d u c t s  t he  
gas  to  t h e  b o t t o m  of p a r t  II ,  where  t he  b u b b l e s  p rov ide  
for  c o n t i n u o u s  m i x i n g  of t he  so lu t ion .  The  gases  leave the  
c h a m b e r  t h r o u g h  two  holes  (5). The  t e m p e r a t u r e  of t h e  
gas  p h a s e  is m e a s u r e d  w i t h  a needle  a p p l i c a t o r  (Type  K8) 
i n se r t ed  i n t o  t h e  c h a m b e r  t h r o u g h  hole  No.  6 a n d  con-  
n e c t e d  to  a u n i v e r s a l  e lec t r ic  t h e r m o m e t e r  (Type  T E 3 ,  
E l l a b  A/S ,  Copenhagen ,  D e n m a r k ) .  

T h e  e x c h a n g e a b l e  e lec t rodes  in  p a r t  I I I  are  swivel -  
m o u n t e d .  F igure  2 shows t he  a r r a n g e m e n t  used for t h e  
e x p e r i m e n t  i l l u s t r a t ed  in F igu re  3. Ag-AgC1 e lec t rodes  
w i t h  a d i a m e t e r  of 0.7 m m  a n d  i so la ted  - e x c e p t  a t  t h e  
end  - w i th  h e a t e d  Ara ld i t e  coa t ing  res in  985 E (CIBA 
Ltd . ,  Basel ,  Swi tzer land)  are  used  for s t i m u l a t i o n  a n d  
record ing .  Comple t e ly  i so la ted  s i lver  wires  of t h e  s ame  
d i a m e t e r  (S) se rve  to s u p p o r t  t he  t issues.  The  e lec t rodes  
a re  soldered to  f lexible  i so la ted  cab les  w h i c h  leave  t h e  
c h a m b e r  t h r o u g h  holes  Nos  7 a n d  8. T h e  so ldered  j o i n t s  
a re  w a t e r t i g h t l y  f ixed ins ide  t h e  p e r s p e x  b a r  w i t h  A r a l d i t e  
a d h e s i v e  res in  (CI]3A Ltd . ,  Basel ,  Swi tze r land) .  I n t e r -  
ference f rom b u r s t i n g  b u b b l e s  h a s  n e v e r  b e e n  obse rved .  
Af te r  wash ing  of the  t i ssues  in  t he  b a t h  a n d  a f t e r  local  
app l i c a t i on  of so lu t ions  a t  t h e  c a t h o d e  or  a t  a r eco rd ing  
electrode,  t h e  s h u n t i n g  f luids h a v e  to  be  d r a i n e d  b y  capi l -  
la r i ty .  A s u i t a b l y  s h a p e d  hole  in  t he  solid r ing  of p a r t  I I I  
makes  t h i s  possible  w i t h o u t  o p e n i n g  t he  n e r v e  c h a m b e r  
(not  s h o w n  in  F igu res  1 a n d  2). 

Two t u b e s  (9) a re  i n s e r t e d  in to  p a r t  I I I  for  t he  local 
a p p l i c a t i o n  of so lu t ions  to  t i s sues  in t h e  gas  phase .  

1O0q_~ ~ : ; ~  :-'2-- :.7~ = 2. ; -~ c : z z z _ * ~  -~-~ ; - :  - . . . Z _- 

o~ 8 0  mV 

. , , ~  .--A_A.A.~ 
BO 5msec 

1 40 lnliBec 

20 20 msec 

° ° o  ~ io ~o ~o ~o 6'o,,io 
Fig. 3. Ventral funiculus of the thoracic spinal cord (cat), equili- 
brated in Hastings' solution, in the gas phase throughout (95% 02 
and 5% CO~, 0.27 l/rain, 37°C). Stimulation for recordings only. 
• - - •  Supramaximal spike height in 9o of the value at 0 rain 
(right ordinate). O-'-~ Submaximal spike height in % of supra- 
maximal spike height (right ordinate), o--o Supramaximal 
negative after-potential height at 5, 10, and 20 msee in % of supra- 
maximal spike height (left ordinate). Left inset: supramaximal 
spike potential recorded monophasically at 1 cm of conduction 
distance (time scale 1000 cycles/see); right inset: higher gain and 
slower sweep speed to'show the negative after-potential (time scale 
100 cycles/see). Spike potential and negative after-potential re- 

touched. Note stability of physiological properties during 50 rain. 
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The  e x p e r i m e n t  i l l u s t r a t ed  in F igure  3 shows t h a t  a n  
i so la ted  v e n t r a l  sp ina l  fun icu tus  d i sp lays  s t ab l e  phys io-  
logical  p rope r t i e s  for 50 m i n  in t he  gas p h a s e  of t he  n e r v e  
c h a m b e r  ( isola t ion of t he  fun icu lus  as desc r ibed  b y  
RUDIN and EISENMAN 2). 

Zusammenfassung. E s  wi rd  e ine  t h e r m o s t a t i s i e r t e  Ner -  
v e n k a m m e r  m i t  v o r g e s c h a l t e t e r  E i n r i c h t u n g  zur  Befeuch-  
t u n g  u n d  E r w g r m u n g  de r  Gase  besch r i eben .  D r a i n a g e  
kurzsch l i e s sender  Fl i i ss igkei t  y o n  den  G e w e b e n  is t  o h n e  
Einf luss  au f  das  Gle ichgewich t  in  de r  N e r v e n k a m m e r .  
Isol ier te  R i i c k e n m a r k s f u n i k e l  zeigen in  de r  G a s p h a s e  

w ~ h r e n d  50 m i n  k o n s t a n t e  e l ek t rophys io log i sche  Eigeri- 
s cha f t en .  

H. -U.  FI~II:, H.  SCHNFAO~' 
a n d  H. HELMICH 3 

Forschungslaboratorien der C I B A  AG, Basel 
(Switzerland), May  22, 1964. 
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T E R M I N O L O G I A  

The Nomenclature of Multiple Enzyme Forms 

Since t he  or ig ina l  d e m o n s t r a t i o n  t h a t  some e n z y m e s  
m a y  ex is t  in a n u m b e r  of d i f fe ren t  fo rms  in t he  same  
species or  t h e  same  t issue,  a cons iderab le  l i t e r a t u r e  h a s  
a c c u m u l a t e d  on  t h e  topic.  The re  has  been  no u n a n i m i t y  
in these  p a p e r s  on  t h e  m e t h o d  of i den t i f y i ng  a p a r t i c u l a r  
form, as WIEME1 has  p o i n t e d  out .  I n  a l a t e r  note ,  KING 
a n d  THOMPSON 2 s t a t e d  t h a t  t he  specif ic  ques t i on  of t h e  
n u m b e r i n g  of i soenzymes  w h i c h  h a v e  been  s e p a r a t e d  b y  
e lec t rophores i s  h a d  been  re fe r red  to  t he  S t a n d i n g  Com- 
m i t t e e  o n  E n z y m e s  a n d  t h e  I n t e r n a t i o n a l  Commiss ion  of 
E d i t o r s  of B iochemica l  Jou rna l s .  T h e  E n z y m e  Commis -  
s ion  in i t s  R e p o r t  8 m a d e  no  r e c o m m e n d a t i o n  a b o u t  
m u l t i p l e  e n z y m e  fo rms ;  a n d  t he  I n t e r n a t i o n a l  U n i o n  of 
B i o c h e m i s t r y ,  w h e n  i t  d issolved t he  E n z y m e  Commiss ion  
a n d  set  up  t h e  S t a n d i n g  C o m m i t t e e  o n  E n z y m e s  4, also 
se t  u p  a S u b - c o m m i t t e e  on  I s o e n z y m e s  composed  of t h e  
l a t e  E .  J. KING, C. L. MARKER% R. J.  WIEME, F.  
"~¥ROBLEWSKI, a n d  E. C. W~BI~. Af te r  t he  d e a t h  of E.  J.  
KING, N. O. KAPLAN was a p p o i n t e d  to  t he  S u b - c o m m i t t e e  
b y  t he  B u r e a u  of 1.U.B.  Th i s  S u b - c o m m i t t e e  r e ached  
ce r t a in  decisions wh ich  h a v e  been  a p p r o v e d  b y  t he  
S t a n d i n g  C o m m i t t e e  on  E n z y m e s  a n d  are se t  o u t  below. 

Mul t ip le  e n z y m e  forms  m a y  be  d i s t i ngu i shed  f rom one  
a n o t h e r  b y  a n y  of severa l  means ,  e.g. e lec t rophores is ,  
c h r o m a t o g r a p h y ,  sa l t  f r ac t iona t ion ,  u l t r acen t r i f uga t i on ,  
i m m u n o c h e m i s t r y  a n d  r eac t i on  kinet ics .  T he  e lectro-  
p h o r e t i c  m e t h o d  h a s  been  m o s t  c o m m o n l y  employed ,  
p a r t i c u l a r l y  in cl inical  l abora to r ies ,  a n d  n u m b e r i n g  sys- 
t ems  which  h a v e  been  e m p l o y e d  h a v e  usua l ly  r e l a t ed  to 
e l ec t rophore t i c  sepa ra t ion .  U n f o r t u n a t e l y ,  two  qu i t e  dif- 
f e ren t  sy s t ems  h a v e  .been used.  I t  is now r e c o m m e n d e d  
t h a t  : 

' W h e n  mu l t i p l e  fo rms  of a n  e n z y m e  are  iden t i f i ed  b y  
e l ec t rophore t i c  s epa r a t i on ,  t h e y  s h o u l d  be  g iven  con-  
secu t ive  n u m b e r s ,  t he  fo rm h a v i n g  t he  h i g h e s t  m o b i l i t y  
t o w a r d s  t he  a n o d e  be ing  n u m b e r e d  one . '  

Th i s  s y s t e m  is in  c o n f o r m i t y  w i t h  t h a t  un i ve r s a l l y  used  
for t h e  f r ac t ions  o b t a i n e d  b y  e lec t rophores i s  of s e r u m  
pro te ins .  

Such  n u m b e r i n g  sy s t ems  are  p r o b a b l y  to  be regarded 
as t e m p o r a r y  e x p e d i e n t s  un t i l  i n f o r m a t i o n  is avai lable  
a b o u t  the  chemica l  d i f ferences  b e t w e e n  t h e  var ious  formS. 
If  the  molecules  of the  d i f f e ren t  fo rms  v a r y  in t h e  na ture  
and  a r r a n g e m e n t  of p r o t e i n  sub -un i t s ,  a nomenc l a tu r e  
shou ld  be  used ana logous  to t h a t  w h i c h  ha s  been  succesS" 
ful ly  used in t h e  field of h a e m o g l o b i n  c h e m i s t r y .  

The  S u b - c o m m i t t e e  also cons idered  t he  ques t ion  of 
su i t ab l e  word  to  be  used  to  descr ibe  m u l t i p l e  enzyme 
forms.  MARKERT a n d  MoLLI~R 6 o r ig ina l l y  p roposed  ' the  
t e r m  isozyme t o  descr ibe  t h e  d i f f e ren t  mo lecu l a r  forms iu 
w h i c h  p r o t e i n s  m a y  ex is t  w i t h  t h e  s ame  enzymat i c  
specif ic i ty ' .  S ince t h e n  t h e  fo rms  iso-enzyme or isoenzy~ne 
h a v e  also b e e n  wide ly  used,  a n d  t h e  t e r m  h a s  been 
l imi t ed  to  mu l t i p l e  fo rms  in a s ingle  species.  The  ma jo r i t y  
of t h e  S u b - c o m m i t t e e  fe l t  t h a t  t h e  l a t t e r  fo rms  were 
pre fe rab le  as b e i n g  more  logical  a n d  in  l ine  w i t h  such 
t e r m s  as isotope. 

I t  is the re fore  r e c o m m e n d e d  t h a t :  
'Mul t ip le  e n z y m e  forms  in a single species shou ld  be 

k n o w n  as {soenzymes, a l t h o u g h  since e i t h e r  form is 
r ead i ly  in te l l ig ible  th i s  r e c o m m e n d a t i o n  is no t  to be 
i n t e r p r e t e d  as exc lud ing  t h e  use of " i s o z y m e "  if any  
i n d i v i d u a l  a u t h o r  prefers  i t . '  

E. C. W~ ~ 
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C O R R I G E N D U M  

J. BOURDILLON: Flow o/ a Solution into a Tube Filled with Solvent: Static Concentration and Flow Concentration o/ 
the Solute. E x p e r .  vol. X X ,  fasc. 8, p. 423 (1964). A n  e r ror  occurs  in  t he  v e r y  f i rs t  l ine  on  page  424. I t  shou ld  read 
as follows : 

' F o r  U -  S > 0.5, we h a v e : ' .  


