
15.4. 1972 Specialia 495 

nearverst /~rker ,  R a t e m e t e r ,  Impulsz/~hler  und  H o c h s p a n -  
nungste i l )  be t r i eben ,  h i e rbe i  wi rd  der  Anschlu l3s tecker  
(S) m i t  d e m  Vorvers t /~rker  des Z/ihlger~Ltes v e r b u n d e n .  

Die E i n g a n g s e m p f i n d l i c h k e i t  a m  Linearverst~Lrker be- 
t r ug  400 inV. Die A r b e i t s s p a n n u n g  l iegt  bei  3,0 kV. Die 
Lage des Z/~hlrohres (hor izontal ,  ver t ika l )  h a t  ke inen  Ein-  
fluss auf  die Messe igenschaf ten .  

Die Nachwe i sempf ind l i chke i t ,  bei  s t a t i on / i t em  Bet r ieb ,  
be t r / ig t  10 pCi bei  e inem Nul le f fek t  yon  17 ipm. Die Mess- 
k a m m e r  wurde  ohne  S t 6 r u n g  bei  e iner  D ur ch f l u s s m enge  
yon  100 m l / m i n  be t r i eben .  

U n s e r  Z~h l roh r  k a n n  n a c h  K o n t a m i n a t i o n  l e ich t  zer- 
legt  u n d  gere in ig t  werden.  Vorwiegend  bei  GArversuchen  
zeigte s ich n a c h  Ve r suchs ende  ein M e m o r y - E f f e k t  (durch  
h 6 h e r  s iedende  m a r k i e r t e  GArproduk te  ve ru r sach t ) ,  der  
s ich d u r c h  A u s w a s c h e n  tier M e s s k a m m e r  m i t  Ace ton  u n d  
Alkohol  bese i t igen  l~sst. Zur  V e r m e i d u n g  von  K o n d e n s a -  
t i o n e n  (Wasser,  Aromastof fe )  in  tier M e s s k a m m e r  k a n n  
der  obere  Zs  (Figur  A u n d  B, o) behe iz t  werden.  
Die He i ze l emen te  (H) b e s t e h e n  aus  T h e r m o c o a x - D r a h t  
(Fa. Phil ips) .  Sie s ind in eingefr/~sten N u t e n  e ingelassen 
u n d  werden  fiber e inen  rege lba ren  He iz t r a fo  (Bereich 
0-20 V) ans  Ne tz  angeschlossen.  

Anwendungsbeispiele. 1. R e s p i r a t i o n s m e s s u n g  bei  Reb-  
1/~usen (Dactylosphaera viti/olii Shimer)  6. 95 Rebl/~use 
( D u r c h s c h n i t t s g e w i c h t  220 s g  pro  Laus)  n e h m e n  in e inem 
speziel len F i i t t e rungsgef~ss  d u r c h  eine P a r a f i l m - M e m b r a n  7 
h i n d u r c h  14C-Saccharose  auf. Die kon t inu i e r l i che  Auf-  
z e i c h n u n g  der  im A t m u n g s - C O ,  a u f t r e t e n d e n  Ak t iv i t / i t  
zeigt,  dass, bei  23 ~ V e r s u c h s t e m p e r a t u r ,  be re i t s  1/~ S tun-  
de n a c h  B e g i n n  der  F i i t t e r u n g  14CO2 v o n  den  ReblAusen 
a u s g e a t m e t  wird. Ab  der  4. his  5. S t u n d e  wi rd  yon  den  
Rebls  der  Ze i t e inhe i t  s te t s  die gleiche Menge 1~CO~ 
a u s g e a t m e t  u n d  n a c h  e twa  27 S t u n d e n  wird  kein 14CO~ 
m e h r  abgegeben.  

2. Messung der  CO2-Fixierung von  W e i n b e e r e n  (Dun- 
kelf ixierung) .  Der  Ver lauf  der  CO2-Aufnahme d u r c h  Wein-  
bee ren  (etwa 10 g Beeren)  is t  a n h a n d  der  A b n a h m e  des im 
Kre i s lauf  v o r h a n d e n e n  14CO~ zu verfolgen.  Die Versuche  
zeigten,  dass  schon  n a c h  3-4 S t u n d e n  die H a u p t m e n g e  
des CO S von  den  Beeren  a u f g e n o m m e n  wurde.  N a c h  e twa  
20 S t u n d e n  h a t  s ich ein Gle ichgewich t  e ingestel l t .  Wie  die- 
ser Ver such  zeigt, k a n n  m i t  dem Z/ ih l rohr  auch  die Pho to -  
syn these  yon  ger ingen  Mengen  p f l anz l i chen  Mater ia l s  
(z.B. Keiml inge ,  Tr i ebe  usw.) vefo lg t  werden.  

I n  we i t e ren  Ve r suchen  wurde  die Abbaugeschwind ig -  
ke i t  y o n  14C-~pfels/iure d u t c h  s ~ u r e a b b a u e n d e  Hefen  der  
G a t t u n g  Schizosaccharomyces u n d  Saccharomyces verfolgt .  

Summary. A f lu id -measur ing  t u b e  w i t h  s epa ra t e  cell 
measu r ing  a n d  c o u n t i n g  chamber ,  is descr ibed  w i t h  which  
me tabo l i c  t r a n s p o s i t i o n  of smal l  a m o u n t s  of biological  ma-  
te r ia l s  can  be  e x a m i n e d  w i t h i n  a n  enclosed sys tem.  Tests  
were car r ied  o u t  on t he  course of t he  e x p i r a t i o n  of sucrose 
t h r o u g h  phy l loxers  weigh ing  20 rag, a n d  also on t he  fixa- 
t ion  in t he  d a r k  of CO2 b y  8 green grapes.  Tests  were also 
car r ied  ou t  on  the  e x p i r a t i o n  of sucrose a n d  mal ic  acid b y  
yeas t  in  f e r m e n t a t i o n .  The  course of m e t a b o l i s m  can  easily 
be  seen b y  m e a n s  of t he  r a d i o a c t i v i t y  curves.  
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An Appraisal of the Microinjection Technique Used in Investigating Sodium Efflux in Barnacle 
Muscle Fibers 

R e c e n t  work  b y  us on  single ba rnac l e  muscle  f ibers  load- 
ed w i t h  r ad io sod ium b y  mic ro in j ec t ion  ha s  shown  t h a t  t he  
N a  eff lux a lways  follows a n  e x p o n e n t i a l  course, b u t  t h a t  
the  r a t e  c o n s t a n t s  p l o t t e d  aga i n s t  t i m e  on  a l inear  scale 
are  s e l d o m a  c o n s t a n t .  The  ques t i on  t h e n  asked  was w h e t h e r  
a dec l in ing  ra t e  c o n s t a n t  for Na* loss was t he  resu l t  of 
g r a d u a l  s e q u e s t r a t i o n  of a f r ac t ion  of t he  mic ro in j ec t ed  
2~Na or t h e  resu l t  of an  e x t r a l e a k y  f iber  m e m b r a n e  asso- 
c ia ted  w i t h  d a m a g e  to t he  T - s y s t e m  caused  b y  t h e  micro-  
in jector .  T h e  s imples t  way  of t e s t i ng  t he  l a t t e r  poss ib i l i ty  
was to  r e inse r t  t he  mic ro in j ec to r  in to  t h e  f iber  sho r t l y  af- 
t e r  e q u i l i b r a t i o n  of t h e  i n j ec t ed  r ad i o s od i um  and  to see 
w h e t h e r  t h i s  m a n e u v e r  b r o u g h t  a b o u t  a n y  c h a n g e  in t he  
k ine t ics  of t he  Na  efflux. Cont ro l  e x p e r i m e n t s  a long  these  
l ines were done,  and  t he  resu l t s  o b t a i n e d  show qu i t e  clear-  
ly t h a t  in se r t ion  of an  inne r  cap i l l a ry  110 ~m in d iamete r ,  
as well  as e jec t ion  of a 1 cm c o l u m n  of dis t i l led  w a t e r  were 
w i t h o u t  a n y  s ign i f ican t  effect  on  t he  Na  efflux. However ,  
e x p e r i m e n t s  des igned to see if deeper  p e n e t r a t i o n  in to  t he  
f iber  w i t h  t he  mic ro in j ec to r  modif ies  t he  Na  eff lux were 
no t  t h e n  done.  Th i s  p a p e r  is hence  concerned  w i t h  t he  
p r o b l e m  of w h e t h e r  g rea te r  d a m a g e  to t h e  T - sys t em would 
resu l t  in  a no t i ceab le  d i lu t ion  of the  specific a c t i v i t y  of t he  
i n t e r n a l  Na*.  

The  e x p e r i m e n t s  were ca r r ied  ou t  us ing  single muscle  
f ibers  of t h e  ba rnac l e  Balanus nubilus or B. aquila. These  
f ibers  m e a s u r e d  a p p r o x i m a t e l y  3 cm in l e n g t h  a n d  1.5 m m  
in d iamete r .  The  m e t h o d  of load ing  w i t h  22Na b y  m e a n s  of 

a modi f ied  H o d g k i n  a n d  Keynes  t y p e  of micro in jec tor ,  and  
c o u n t i n g  t he  a c t i v i t y  of t he  w a s h i n g - o u t  spec imens  and  
the  a c t i v i t y  r e m a i n i n g  in t he  f iber  a t  t he  end  of each  ex, 
p e r i m e n t  were essent ia l ly  those  a l r eady  described1,3.  In  
s o m e  of t he  e x p e r i m e n t s  a mic ro in j ec to r  h a v i n g  an  inner  
cap i l l a ry  130 ~tm in d i a m e t e r  was used in order  to  p roduce  
more  d a m a g e  to t he  fiber.  The  p rocedure  cons is ted  in 
axia l  i n se r t ion  of the  mic ro in j ec to r  a t  leas t  1/z h fol lowing 
full  equ i l i b ra t ion  of the  in jec ted  22Na w i t h  the  i n t e rna l  
free N a ,  a n d  in d i scharg ing  a 1 cm c o l u m n  of d is t i l led  
water .  This  was  r epea t ed  in a few e x p e r i m e n t s  b y  f i rs t  
e jec t ing  a 1 cm co lumn  of dis t i l led water ,  followed 30 min  
l a t e r  b y  e jec t ing  a f u r t h e r  1 cm c o l u m n  of dis t i l led water .  

The  ob jec t  of the  f i rs t  series of e x p e r i m e n t s  was to  check 
t he  f ind ing  t h a t  t he  Na  eff lux is una f fec ted  b y  microin-  
j ee r ing  0.1 ~zl of d is t i l led  water ,  us ing  a n  inne r  capi l lary  
110 [zm in d iamete r .  F igure  1 shows t h a t  th i s  is so (10 ex- 
pe r iments ) .  One sees t h a t  a s t e a d y  s t a t e  was ach ieved  a 
few m i n u t e s  af te  r loading  the  f iber  w i t h  2~Na a n d  t h a t  re- 

" inse r t ion  of t he  micro in jec tor ,  as well  as t he  d ischarge  of a 
1 cm co lumn  of dis t i l led water ,  fai led to  mod i fy  the  b e h a v i o r  
of t he  Na  efflux.  F r o m  th i s  i t  m a y  be deduced  t h a t  d a m a g e  
of t he  T - sys t em is no t  g rea t  enough  to  lead to a no t i ceab le  
increase  in inf lux  of Na  or t h a t  t he  d a m a g e  done  to  the  

1 E. E. BITTAR, J. Physiol., Lond. 187, 81 (1966). 
2 E. E. BITTAR and E. TONG, Life Sci. 10, 43 (1971). 
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T-sys tem leads to  rap id  plugging of the  involved tubules  
and  clefts. 

In  the  n e x t  3 expe r imen t s  an inner  capi l lary  130 txm in 
d iamete r  was twice re inser ted  into the  fiber. The d e p t h  of 
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Fig. 1. Sodium eff lux from a barnacle muscle fiber before and after 
the microinject ion of 0.1 ~1 disti l led water, plotted semi]ogarithmi- 
eally. Inner capi l lary of microinjector measured ~ 110 p~m in diameter. 
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Fig. 2. Sodium efflux from a barnacle muscle fiber before and after a 
double injection with 0.1 [xl of distilled water. Inner capillary of 
microinjeeture measured ~ 110 ~m in diameter. Temperature 22- 
23~ 
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Fig. 3. Sodium efflux from a barnacle muscle fiber before and after 
penetration of the microsyringe to a 2 em depth (and not 1 cm) and 
ejection of a 1 em column of distilled water. The fiber used was 2.8 em 
in length and 1.2 mm in diameter. Inner capillary of microinjeetor 
measured ~110 ~m in diameter. Temperature 22-23~ 

each inser t ion was abou t  1 cm. As i l lus t ra ted  in Figure 2 
t he  slope of the  eff lux curve shows no s t ep -down  following 
comple t ion  of t he  procedure  of e jec t ing 0.1 ~1 of dist i l led 
water .  This  again lends credence to  the  view t h a t  there  
m a y  be plugging by  debris  of tubules  and clefts  lying in 
t he  p a t h w a y  of the  microinjector .  Suppor t ing  evidence 
comes f rom unpubl i shed  e lec t ron microscopic  s tud ieswhich  
show accumula t ion  of m e m b r a n o u s  e lements  and  glyco- 
gen in tubu les  and  clefts  in t he  i m m e d i a t e  v ic in i ty  of t he  
t r ack  left by  the  microinj  ector. The ques t ion  arises: Would  
stil l  grea ter  damage  to the  T-sys tem lead to  a discernible 
ex t ra leaky  f iber  m e m b r a n e  ? To t ry  and  answer  this,  an-  
o the r  series of 3 expe r imen t s  were done.  The fibers were 
loaded by  means  of a micro in jec tor  hav ing  an inner  ca- 
pi l lary  110 ~m in d iameter .  Next ,  an inner  capil lary 
130 txm in d iamete r  was twice re inser ted,  f i rs t  by  pene t ra t -  
ing to  a d e p t h  of 1 cm, and then  2 cm. The resul ts  ob ta ined  
show t h a t  even  th is  a m o u n t  of ex t ra  damage  failed to mo- 
dify the  course of t he  Na efflux. The last  5 expe r imen t s  
done  involved the  re inser t ion  of an inner  capi l lary 110 t~m 
in d iamete r  to  a d e p t h  of 2 cm ins tead  of 1 cm, followed by  
the  eject ion of a 1 cm column of dist i l led water .  As illus- 
t r a t e d  by  Figure  3, t he  fresh damage  caused by  in t roduc ing  
the  micro in jec tor  more  deep ly  in to  the  f iber  b rough t  
abou t  no change  in the  behavior  of t he  Na efflux. 

The  resul ts  descr ibed in th i s  p~per  go a tong way  ~oward 
s t r eng then ing  the  view t h a t  t he  p rocedure  of microinjec-  
t ion  when  proper ly  used is in i tself fa i r ly  benign.  But  t h e y  
do no t  inform us w h y  there  is a slow decline in the  ra te  
coeff icient  for 22Na loss in mos t  of the  barnacle  fibers 
s tudied.  One possible reason could be t h a t  the  efficacy of  
the  Na  p m n p  is gradual ly  declining, so t h a t  t he  influx is 
grea te r  t h a n  the  efflux. T h a t  th is  is unl ikely is suggested 
by  the  obse rva t ion  t h a t  acidif icat ion of the  ba th ing  me- 
d ium causes a marked  rise in the  Na  efflux, and  by  the  ob- 
serva t ion  t h a t  these  fibers usual ly  re ta in  the i r  marked  
sens i t iv i ty  to  K removal  3. I t  is t hus  no t  easy to  avoid the  
conclusion t h a t  the  decline in ra te  coeff icient  is the  result  
of t he  presence  of a s lowly exchang ing  Na fract ion lying 
beh ind  the  inner  m e m b r a n e s  of these  fibers. A t t e m p t s  are 
now being m a d e  to  mobil ize th is  seques te red  fract ion of 
sodium 4. 

Zusammen/assung. Die darges te l l ten  E x p e r i m e n t e  zei- 
gen, dass die Methode,  welche durch  Microinject ion die 
Muskelfasern yon  Barnake l  mi t  Na-22 bel/idt, keinen 
Schaden  bewirkt ,  was die Eff lux-Verhi i l tn isse  fiir Na an- 
be lang t ;  zudem wird  mi t  dieser Methode  keine besonders  
durchl&ssige Mu s k e l memb ran  erzeugt .  
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