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f requenz  wi rd  r eduz ie r t  (STRANZINOER 7). Die O b j e k t t r ~ g e r  
sol len f lach  auf  e inen  F ~ r b e r o s t  gelegt  u n d  m i t  dest .  
Wasse r  t ibe r sch ich te t  werden.  Sofor t  ansch l iessend  werden  
m i t  e iner  0 ,025%igen  T ryps in l6 sung  (37~ im p H  7,0 
die Objekttr~Lger vor s i ch t ig  i i be r seh ich te t  u n d  Each 20 
Sek. (Wahlweise  his  zu 2 Min. zu b e h a n d e l n )  w iede rum m i t  
dest .  H 2 0  abgespfi l t .  

Die W a h l  des T ryps ins  is t  yon  aussch laggebender  
B e d e u t u n g .  W i r  k o n n t e n  z. t3. m i t  d e m  T r yps i n  der  Fa.  
Merck  (Kat . -Nr .  Ar t .  9204) ke ine  B~inderung erzielen n n d  
v e r w e n d e n  ausschl iess l ich das  0, 25 %ige T r y p s i n  yon  Gib-  
co, Ka t . -Nr .  505, welches wir  n a c h  e r s t m a l i g e m  A u f t a u e n  
in k le inen  10 ml  P o r t i o n e n  nochma l s  einfr ieren.  Kurz  
vo r  d e m  F g r b e v o r g a n g  wird  die e n t s p r e c h e n d  ben6 t ig t e  
Menge T r y p s i n  a u f g e t a u t  u n d  aufgel6st  u n d  m i t  auf  37 ~ 
v o r g e w g r m t e m  S6rensen-Puf fe r  1 :10  ve rd i inn t .  Die Ver-  
d i i n n u n g  n i m m t  eine gelbe F a r b e  (sauer) a n  u n d  wi rd  m i t  
10%iger  B i k a r b o n a t l 6 s u n g  auf  F~trbeumschlag (yon gelb 
auI  rot) t i t r i e r t .  T ryps i n  (1 : 250) der  F i r m a  D I F C O  (Art.- 
Nr.  0152-13) wird  in P u l v e r f o r m  geliefert.  V e r d i i n n t  m i t  
(Mg +2 u n d  Ca +2 frei) Pucks  B S S - L 6 s u n g  b r i n g t  dieses 

T r y p s i n  ebenfal ls  gu te  B g n d e r u n g  (V~rANG et  al."). Die 
no twend ige  Auf l6sung  des T ryps ins  is t  j edoch  ein zu- 
sg tz l icher  A n f w a n d  gegeni iber  der  bere i t s  gebrauchs fe r t i -  
gen Gibco-Tryps in l6sung .  N a c h d e m  das  Tryps in ,  Each 
20 Sek. bis 2 Min. E inwi rkungsze i t ,  m i t  dest.  H aO abgespt i l t  
wurde ,  wird eine auf  60~ v o r g e w g r m t e  Giemsa-Borax -  
Puf fe r -L6sung  auf  die O b j e k t t r g g e r  gegeben u n d  n a c h  2 
Min. eine neue  in Z i m m e r t e m p e r a t u r  a u f b e w a h r t e  Giemsa-  
B o r a x - P u f f e r - L 6 s u n g  t ibersch ich te t .  Nach  we i t e r en  2 Min. 
k 6 n n e n  die O b j e k t t r g g e r  m i t  Le i tungswasse r  abgespi i l t ,  
ge t rockne t  n n d  u n t e r  d e m  1Viikroskop b e t r a c h t e t  werden.  
Sollte die ]3gnderung  zu schwaeh,  d .h .  die Ch r om os omen  

noch  d u r c h g e h e n d  n o r m a l  a n g e f g r b t  sein, so k a n n  de r  
F a r b s t o f f  m i t  F ix ie r l6sung  en t f e rn t ,  die O b j e k t t r g g e r  m i t  
dest.  H~O abgespi~lt  u n d  die TrTypsinbehandlung m i t  
ze i t l ichen Modi f ika t ionen  wiede rho l t  werden.  Es  k a n n  
ausse rdem empfoh len  werden,  dass  besonders  gu t e  Meta-  
p h a s e n  (kreisf6rmige Lage  de r  C h r o m o s o m e n  ohne  C b e r -  
l age rungen  u n d  B e r i i h r u n g e n  u n d  in de r  P r o m e t a p h a s e )  
in  den  K o o r d i n a t e n  reg i s t r i e r t  u n d  n a c h  jeder  Neube-  
h a n d l u n g  verg l i ehen  werden.  

M e t a p h a s e n  auf  e inem O b j e k t t r g g e r  s ind sehr  u n t e r -  
schiedl ich  s t a r k  g e b g n d e r t  u n d  m a n  k a n n  m i t  n u t  10% 
der  auf  d e m  O b j e k t t r ~ g e r  be f ind l i chen  M e t a p h a s e n  ffir 
eine A u f n a h m e  rechnen .  Die Dar s t e l l ung  einiger  B a n d -  
k a r y o t y p e n  bei  R i n d  u n d  K a n i n c h e n  soll die Differenzie-  
r ungsm6g l i chke i t en  speziel ler  C h r o m o s o m e n a n o m a l i e n  
aufzeigen.  

Zusarnmensetzung des Borax-Pu[Jers. 
Stamml6sung A: Bors/iure H3BO 8 MG 61,83, 0,2 M = 12,3 g/1 50 Teile 
StammI6stlng B: Natriumborat NaBO~ - 4  H20, MG 137,86 0,2 M = 
27,57 g/1 59 Teile 
mit dest. H20 aufftillen auf 200 Teile. 

Zusammenset~ung des S6rensen-PuJ]ers. 
S6rensen-Puffer (Each SCHNEDL ffir Bandf~irbung M[15 KH2PO,/ 
Na~HPO 4 mit einem pH yon 6,8). 
KHePO 4 MG = 136,09 - 1/15 M = 20,41 g/i 
Na2HPO 4 �9 2H20 MG = 177,99 - 1/15 M = 26,69 g/1. 
Der Gehalt an 3s Violet Bernthsen in Giemsal6sung ist yon 
Bedeutung und kann dutch leichtes Aufkochen aktiviert werden. 

7 G. STRANZINGER, IVlJammalian Chromos. New,left., in press. 
s H. C. ~ANO und F. C. DICKINSON, Cytobios 6, 47 (1972). 

C o n s t r u c t i o n  of  a PO2 M i c r 0 e l e c t r o d e  for  U s e  i n  S m a l l  B l o o d  V e s s e l s  

F. W. M•Es i0 

Zoological Laboratory, Groningen State University, Kerklaan 30, Haren 8700 (The Netherlands), 7 July 7975. 

Summary. The  cons t ruc t i on  of a C la rk - type  PO 2 e lect rode is descr ibed.  The  e lec t rode  ha s  a t ip  d i a m e t e r  of less t h a n  
0.4 m m  a n d  a 95% response  t i m e  of a b o u t  2 sec. 

Fo r  inves t iga t ions  on  oxygen  t r a n s p o r t  in fish, a P O  2 
t r a n s d u c e r  was  desired t h a t  was  smal l  and  s t u r d y  enough  
for use in b lood vessels (t ip d i a m e t e r  less t h a n  0.5 ram),  
a n d  fas t  e n o u g h  to m o n i t o r  b lood PO2 changes  (95% re- 
sponse  t i m e  a t  mos t  2 sec). T he  m e m b r a n e - c o v e r e d  pola-  
rog raph ic  (Clark type)  P O  2 e lec t rode  is wide ly  used for in 
v ivo  m e a s u r e m e n t s  of o x y g e n  tens ion ,  a n d  m a n y  such  
electrodes  h a v e  been  descr ibed in t he  l i t e ra tu re .  Some of 
t h e m ,  h a v i n g  v e r y  smal l  t ips  (less t h a n  10 ~m)1,.2, were 
cons idered  to be  too  fragile. O the r s  h a v e  t ip  d i ame te r s  ove r  
0.8 m m  a-5, or are  too  slow". Th i s  p a p e r  descr ibes  t he  
cons t ruc t i on  of an  e lec t rode  t h a t  mee t s  t he  r e q u i r e m e n t s  
m e n t i o n e d  above.  

Construction o[ the electrode. Basica l ly  t h e  e lec t rode  
consis ts  of a p l a t i n u m  wire ( the ca thode)  sealed in glass. 
The  glass is coa ted  w i t h  s i lver  p a i n t  wh ich  resul t s  in  a 
s i lver  r ing  a t  t he  t ip  ( the anode).  The  t ip  is covered  b y  an  
e l ec t ro ly t e -abso rb ing  m e d i u m  over  wh ich  all oxygen-per -  
meab le  m e m b r a n e  is f i t ted .  

P l a t i n u m  wire  is coa ted  w i t h  glass b y  a modi f i ca t ion  of 
t h e  m e t h o d  descr ibed  by BALLINTtJN v (Figure  1, a, b a n d  
c). Then ,  e lectr ical  connec t ions  to  t h e  e lec t rode  are m a d e  
w i th  v a r n i s h - i n s u l a t e d  copper  wire (Figure 1, d). Con t ac t  
w i t h  the  c a t h o d e  (upper  knot )  is e s t ab l i shed  b y  s i lver  
p a i n t  (DAG $56 colloid s i lver  in solvent ,  Acheson  Col- 

l e iden  B. V., Scheemda ,  The  Ne the r l ands ) .  Also, a l ayer  
of s i lver  p a i n t  ( the fu tu re  anode)  is appl ied  f rom t h e  lower 
k n o t  d o w n  to  t h e  t ip  of t h e  e lec t rode  (Figure  1, e). Af te r  
a l lowing t he  p a i n t  to  dry,  t he  en t i re  e lec t rode  is i n su la t ed  
b y  d ipp ing  i t  in to  ch lo ro fo rm-d i lu t ed  epoxy  res in  (resin 
A W  106, h a r d e n e r  953U, C I B A  AG, Basel,  Swi tzer land) .  
T h e  res in  is b a k e d  for  h a l t - a n - h o u r  a t  80~ 3 to  5 of such  
layers  are appl ied.  A piece of glass t u b e  f i t t i ng  a r o u n d  t he  
k n o t s  is f ixed to  t he  electrode,  us ing  u n d i l u t e d  epoxy  res in  
(Figure 1, f). Th i s  p ro t ec t s  t he  connec t ions  a n d  fac i l i t a tes  
h a n d l i n g  of t he  electrode.  

The  t ip  of t he  electrode,  wh ich  ha s  become  covered  w i t h  
p a i n t  a n d  resin, is g round  to  a s l igh t ly  convex  shape  on  a 

1 H. I. BlCnER and 3/f. H. KNISELY, .I. appI. Physiol. 28, 387 (1970). 
2 I. A. SILVER, Med. Electron. biol. Engng. 3, 377 (1965). 
3 R. F. HUXTABLE and I. FATT, J.  appl. Physiol. 37, 435 (1974). 
4 H. P. KIMIVIICH and F. KREUZER, in Progress in Respiration 

Research (Ed. F. KREUZER; S. Karger, Basel, New York 1969), 
vol. 3, p. 100. 

5 D. PARKER, A. I~EY, ]J~. DAVIES, J. W. SCOPES and  I{. MARCOVITCH, 
Bio-med. Engng. 6, 313 (1971). 

6 I-I. I. BICHER, .~. W. RIJBII'~ and R. J. ADAMS, in Advances in Ex- 
perimental Medicine and Biology (Eds. H. I. BlCnER and D. F. 
BROLEY; Plenum Press, New York, London 1973), vol. 37A, p. 107. 

7 C. 1Vf. BALLINTIJN, Experientia 77, 523 (1961). 



15. 1. 1976 Specialia 131 

small  gr inding disc, (a me ta l  disc covered wi th  carborun-  
d u m  No. 800 in epoxy  resin). As a result ,  the  P t  ca thode  
(d iameter  20 ~m) is exposed,  su r rounded  b y  the  annula r  
Ag anode (d iameter  a b o u t  300 ~xm; w i d t h  some 20 vm). 
Af te r  c leaning the  t ip  wi th  acetone,  the  silver is chloridized 
in 0.1 N HC1 for 30 sec by  connec t ing  a 1.5 V b a t t e r y  
be tween  the  anode  and  a Ag/AgC1 elect rode (anode posi- 
tive). 

The e lec t ro ly te  a round  the  t ip  and the  oxygen-per -  
meable  m e m b r a n e  are appl ied according to  the  m e t h o d  
descr ibed by  SILVER 2. The ex t r eme  t ip  of t he  eiectrode 
is coa ted  wi th  collodion b y  d ipping  i t  in to  a solut ion of 

c o l l o d i o n  in a 1:1 e ther-a lcohol  mix ture .  To reduce the  
response  t ime  of the  electrode,  t he  collodion layer  should  
be made  as t h in  as possible by  choosing empir ical ly  the  
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Fig. 1. Construction of PC 2 elctrode, a) Platinum wire (length 4 cm) 
is inserted into glass tube (length 2 em, o.d. about 0.5 mm). b) First 
layer of glass coating is applied. Lower end of glass tube is broken off 
at arrow and removed from Pt wire. c) ~orelayers of glass are applied, 
until diameter of eIectrode is some 0.3 mm. Upper ends of glass tubes, 
together with Pt wire, are broken off at arrow. This end will become 
tip of electrode, d) Position of electrical connections (electrode 
turned upside down with respect to c)). Knots are shaped beforehand 
around a pin. e) Silver paint is applied to upper knot and from lower 
knot down to tip. f) Electrode is coated with epoxy resin and provided 
with protective glass tube. Meaning of symbols: a, silver paint; 
c, Cu wire 50 ~m; e, epoxy resin; f, heating filament (0.6 mm chro- 
mium-nickel wire); g, pyrex glass; m, micromanipulator; p, Pt wire 
20 ~m, r, heat resistant silicone rubber tubing; s, "serre fine" 
spring clamp; v, varnish insulation; w, weight (about 1 g). 

appropr i a t e  dilution. Af ter  drying,  the  collodion is soaked 
in 0.5 M KC1. Finally,  t he  t ip  of the  e lect rode is d ipped  
into the  histological  mo u n t i n g  agen t  D .P .X.  dissolved in 
xylol. This layer  too should be as th in  as possible, the  
appropr ia te  d i lu t ion being de t e rmined  empirically.  Dry-  
ing is a l lowed for 1 day,  w i th  t he  t ip  of the  electrode up. 

The cuyrent meter. The electrode cu r ren t  is measured  by  
a cu r ren t  amplif ier  according to the  principle descr ibed by  
HAIneS (Figure 2). W i t h  1R 1 the  polar iz ing vol tage  can 
e i ther  be var ied  in order  to  measure  t h e  po la rogram of t he  
electrode or ad jus ted  to 0.8 V for normal  use. W i t h  R 2 the  
inpu t  cur ren t  of t he  opera t ional  ampl i f ier  and  the  zero 
cur ren t  of the  electrode can be c o m p e n s a t e d  for in t he  
range of -- 1 to + 10 nA. 

Characteristics and testing o/the electrode. W i t h  respec t  to  
l ineari ty,  zero current ,  and  flow dependency ,  the  electrode 
is comparab le  w i t h  o the r  microelect rodes  ~. 

The sens i t iv i ty  of the  electrode is of the  order  of 10 pA/  
Tort .  As sens i t iv i ty  is t e m p e r a t u r e - d e p e n d e n t ,  cal ibrat ion 
of the  electrode has  to be done at  the  t e m p e r a t u r e  a t  
which  the  physiological  expe r imen t s  are per formed.  

W h e n  the  t ip  coa t ing  of the  electrode has  been  appl ied 
proper ly ,  t he  95% response  t ime  is abou t  2 sec. Response  
t ime  is measured  in a w a t e r  cu r ren t  fed a l t e rna te ly  from 
2 reservoirs,  one wi th  a i r - sa tu ra ted  and  one wi th  n i t rogen-  
sa tu ra t ed  water .  

8 C. ]~. W. HAHN, J. scient. Instrum. 2, 48 (1969). 
9 H. HEITMANN, R. G. BUCKLES and 3/f. B. LAVER, Resp. Physiol. 3, 

380 (1967). 
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Fig. 2. Current amplifier circuit. FET-input operational amplifier 
(type 40.1, Analog Devices) has input bias current of less than 50 pA. 
Batteries (1.35 V, 1000 mAh, type RM1H, IV[allory) are soldered into 
the circuit without switches to avoid contact noise. 
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Fig. 3. Typical time course of electrode current (redrawn from long 
duration recording). 
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The  c o n t i n u i t y  of t he  m e m b r a n e  is t e s t ed  b y  connec t ing  
one of t he  i n p u t  t e r m i n a l s  of t he  c u r r e n t  ampl i f ie r  to  t h e  
ca thode  of t h e  e lec t rode  a n d  t h e  o the r  to  a s epa ra t e  Ag/  
AgC1 electrode,  b o t h  e lect rodes  be ing  d ipped  in to  0.1 M 
KCI. 

The  e lec t rode  c u r r e n t  changes  t h r o u g h o u t  i ts  useful  
l i fe- t ime as shown  in F igure  3. Ca l ib ra ted  m e a s u r e m e n t s  
w i t h o u t  t he  Ileed of f r e q u e n t  r eca l ib ra t ion  are possible  in  
phase  I I .  Therefore  t he  e lectrodes  are s tabi l ized  pr io r  to  
use ill a i r - s a t u r a t e d  w a t e r  un t i l  t h i s  phase  is reached.  

P h a s e  I I  is n o r m a l l y  long enough  for one d a y  of exper i -  
m e n t a t i o n .  W h e n  t h e  e lec t rode  h a s  r eached  phase  I I I ,  t h e  
t ip  cover  can  be  r e m o v e d  w i t h  ace tone  a n d  t h e  e lec t rode  
can  be  recycled,  s t a r t i n g  w i t h  g r ind ing  t h e  t ip .  

10 The author is indebted to Dr. C. M. BALLINTIJN for valuable advice 
during the development of the electrode, to Dr. C. J. DEN OTTER 
and Mr. W. J. BEUKEMA for comments on the manuscript, and to 
Mr. G. THOMAS for suggestions regarding the English text. 

Wireless  Microphone  for Studies  of A n i m a l  Vocal izat ions  

PATRICIA McKINLEY, ]~ARBARA ~)OWELL, and  W. M. SCHLEIDT 

Department o/Zoology, University o/Maryland, College Park (Maryland 20742, USA), 30 October 7975. 

Summary. A m i c r o p h o n e  col lar  for o b t a i n i n g  good q u a l i t y  record ings  of a n i m a l  voca l i za t ions  is descr ibed.  An  inexpen-  
sive, commerc ia l ly  ava i l ab le  wireless m i c r o p h o n e  was modi f ied  a n d  m o u n t e d  on  a col lar  w i t h  a h e a r i n g - a i d b a t t e r y  
pack.  The  comple te  a s sembly  weighs 25 g, and  is read i ly  accep ted  b y  domes t i c  cats .  

I n  s t u d y i n g  the  voca l i za t ions  of animals ,  i t  is o f ten  
di f f icul t  to  record  t he  sounds  of low in tens i ty .  The  con-  
v e n t i o n a l  so lu t ion  for th i s  p rob l em is to  use h igh ly  direc- 
t i ona l  mic rophones  (e.g., pa rabo l ic  reflectors).  T h e  
d i s a d v a n t a g e s  are t h a t  t h e  axis  of t he  m i c r o p h o n e  m u s t  be 
a imed  r a t h e r  careful ly  a t  t he  p a r t i c u l a r  animal ,  and  t h a t  
t he  unwie ldy  d imens ions  of t he  ref lector ,  wh ich  become  
inev i t ab l e  a t  lower frequencies,  r esu l t  in  ce r t a in  p rac t i ca l  
l imi ta t ions .  F u r t h e r ,  u n s u r m o u n t a b l e  diff icul t ies  a p p e a r  
if f a i n t  voca l iza t ions  of two ind iv idua l s  in close p r o x i m i t y  
are to  be  d i s t inguished ,  or if t h e  a n i m a l  wh ich  is to  be 
recorded  has  a noise source s i t ua t ed  b e h i n d  it. Due  to  
these  t echn ica l  difficult ies,  a serious b ias  in  favor  of loud 
s ignals  is i n t r o d u c e d  in to  s tudies  of a n i m a l  voca l i za t ion  
a n d  c o m m u n i c a t i o n  b y  means  of sound.  

One of us (W.M.S.) ha s  e x p e r i m e n t e d  severa l  years  ago 
w i t h  radio  t r a n s m i t t e r s  to  record  t he  sof t  c o n t a c t  calls of 
t u r k e y s  d u r i n g  m o v e m e n t  of t he  flock, b u t  a t  t h a t  t i m e  
i t  p r o v e d  too  expens ive  to  come up  w i t h  a s y s t e m  of 
suff ic ient  range,  f r equency  response,  a n d  re l iabi l i ty .  
R e c e n t l y  we found  a commerc ia l ly  ava i l ab le  wireless 

m i c r o p h o n e  1 ope ra t i ng  in t h e  F M  r a n g e  ( tuneab le  b e t w e e n  
88 a n d  92 MHz) wh ich  can  be  modi f ied  easi ly to  f i t  a 
ca t ' s  collar, an d  wh ich  a l lowed us to  m a k e  h i g h  q u a l i t y  
record ings  of a v a r i e t y  of vocal iza t ions .  

Because  t h e  m i c r o p h o n e  in i ts  or ig ina l  fo rm was too  
bulky ,  we d i sca rded  t h e  hous ing  an d  a r r anged  t h e  com- 
p o n e n t s  on  a 25 m m  wide s t r ip  of sof t  chamois  l e a t h e r  
f i t t ed  w i t h  a b u t t o n  fa s t ene r  (Figure 1). T h e  e lec t re t  con- 
dense r  m i c r o p h o n e  (a cy l inder  of 11 m m  length ,  9 m m  
d iamete r ,  a n d  1.8 g weight)  was a t t a c h e d  in t h e  midd le  
of t h e  collar,  a n d  to  e i t he r  side was a t t a c h e d  t h e  c i rcui t  
b o a r d  (18 m m •  mm,  w i t h  t h e  c o m p o n e n t s  15 m m  
thick)  a n d  t h e  b a t t e r y  pack  respect ive ly .  In  a n  ear l ier  
vers ion  we used t h e  s t a n d a r d  n ine -vo l t  t r a n s i s t o r  b a t t e r y  
(15 m m  • 25 m m •  50 ram,  33.5 g), b u t  n o w  h a v e  sub-  
s t i t u t e d  e igh t  1.35 V m e r c u r y  h e a r i n g  a id  ba t t e r i e s  
(Mallory Durace l l  IRM312) spo t -welded  in  series. W e i g h t  

1 'Realistic' brand 'Apollo FM-91 Wireless Microphone', marketed 
by Radio Shack, A Tandy Corporation Company, catalog number 
33-1048A selling currently (August 1975} for $ 19.95. 

Fig. 1. Wireless microphone in its original, commercially available 
form (above), and stripped version mounted on collar (below); the 
collar is displayed with the battery pack pulled out and the circuit 
board exposed at one corner. 
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Fig. 2. Combined frequency response of the wireless microphone, 
receiver (Blaupunkt Frankfurt-Stereo US, Model @7630629), and 
tape recorder (Uher 4000 Report L). At 1.0 kHz, +64 dB re 2 • 10 .3 
N/m 2 gave full saturation on tape recorder (0 dB on meter). 


