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quency  h igher  t h a n  the  h ighes t  per is ta l t ic  ra te  recorded,  
ins tead  of the  ref lex inh ib i to ry  mechan i sm which  t h e y  
proposed.  However ,  the  ure ter  has  been examined  f rom a 
feedback control  sys tems  po in t  of view 9 and the  exis tence 
of such a mechan i sm canno t  be ruled out.  

The pacemake r  f requency  in b o t h  guinea-pig and sheep 
was r emarkab ly  stable.  The s t anda rd  devia t ions  of groups 
of 35 consecut ive  pacemake r  po ten t ia l s  in the  sheep ranged  
f rom 2% to 6% of t he  mean,  so t h a t  the  spread  of the  
h i s tograms  is more  likely to be due to var iab i l i ty  of the  
th resho ld  of exc i ta t ion  in the  pyeloureter ,  which  acts  as a 
minor  delay mechanism.  The pye loure te r  also acts  as a 
gate, p r even t ing  mos t  pacemaker  po ten t ia l s  f rom in i t ia t ing  
per is ta l t ic  waves.  

Two possible influences on th is  p roposed  ga t ing  or 
f i l tering mechan i sm were invest igated.  Figures  4B  and  
4C show d is t r ibu t ions  ob ta ined  before and  af ter  25% 
s t re tch  was appl ied to  the  whole prepara t ion .  This allowed 
more  con t rac t ions  to  occur a t  lower mul t ip les  of the  pace-  
make r  period,  p r e sumab ly  by  lowering the  th resho ld  of 
exc i ta t ion  in t he  pyeloureter .  The act ion of d i f ferent  
t e m p e r a t u r e s  on the  isolated guinea-pig ure ter  l ikewise 
changed the  gate threshold .  In  the  t e m p e r a t u r e  range 
29 33 ~ the  d i s t r ibu t ions  were un imodal  w i th  per iods  of 
30 sec, bu t  in the  range 34-37 ~ the  d is t r ibu t ions  became 
mul t imodal ,  wi th  peaks  a t  app rox ima te ly  30, 20 and 15 sec. 

Thus, a l though  the  pacemaker  is a necessary  condi t ion  
for the  in i t ia t ion of per is ta l t ic  waves, an addi t iona l  s t imu-  
lus in the  pyreloureter ,  by  way  of d i s ten t ion  due to ac- 
cumula ted  urine in t he  renal  pelvis,  is required before the  
per is ta l t ic  wave can be tr iggered.  Such a mechan i sm 
would effect ively isolate the  renal  c o m p a r t m e n t  hydro-  
dynamica l ly  f rom the  u r ina ry .b l adde r .  Dur ing  diuresis, 
however,  the  d is tens ion  in the  renal  pelvis  would lower 
the  pyeloure tera l  gate  exc i ta t ion  th reshold  in a m a n n e r  

similar  to  t h a t  d e m o n s t r a t e d  exper imen ta l ly  by  the  
appl ica t ion  of s t r e t ch  as in Figure  4C. A full renal  pelvis 
would therefore  give rise to  a un imoda l  d i s t r ibu t ion  of 
per is ta l t ic  intervals ,  wi th  a pacemaker  to ureteral  con- 
t r ac t ion  rat io of 1 : 1. U n d e r  such condit ions,  h y d r o d y n a m -  
ic isolat ion of the  k idney  would  still occur due to the  
cont inued  ma in t enance  of regular  per is ta l t ic  con t rac t ions  
by  the  renal  pacemaker .  10 

Summary .  Ure te ra l  con t rac t ions  occur a t  in tervals  
which  are in tegra l  mul t ip les  of the  per iod of pacemaker  
po ten t ia l s  recorded in v i t ro  f rom the  renal  pelvis  wi th  a 
sucrose gap, suggest ing t h a t  a ga t ing  mechan i sm in the  
pye loure te r  regula tes  the  ra te  a t  which  the  pacemaker  
in i t ia tes  contrac t ions .  
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Inhib i t ion  of L i g h t - I n d u c e d ,  T r a n s i e n t  M e m b r a n e  
Leaf Cel ls  by  C y c l o h e x i m i d e  

The ant ib io t ic  cycloheximide  (CH), known as a specific 
inhibi tor  of p ro te in  synthes is  in 80 S (cytoplasmic) r ibo- 
somes of eucaryot ic  cells l, has  recent ly  been  used in 
s tudies  of ion up take  and t r a n s p o r t  in p l an t s2 -5  Besides 
p ro te in  synthesis ,  CH inhibi ts  t r a n s p o r t  of ions t h rough  
bar ley  roots ,  whereas  ion accumula t ion  f rom the  amb i en t  
m e d i u m  is no t  affected3, 4. I t  was suggested t h a t  CH 
exer ts  its effect  on symplasmic  ion t r a n s p o r t  in the  root  
p a r e n c h y m a  by  in te rac t ion  wi th  the  endoplasmic  ret icu-  
lum (ER) and its m e m b r a n e  turnover3,  4. In  the  exper i -  
m e n t s  descr ibed here,  we a t t e m p t e d  to inves t iga te  w h e t h e r  
CH also affects  o the r  symplasmic  p h e n o m e n a  such as 
electrical  coupling be tween  neighbour ing  cells in p l an t  
tissues. 

For  demons t r a t i on  of electrical coupling, we used the  
in te rna l ly  genera ted  signal of the  wel l -known t r ans i en t s  
of electrical  po ten t i a l  difference (PD) which are t r iggered 
by  swi tching on or off p h o t o s y n t h e t i c  energy  t rans fe r  
react ions  (review6). These PD t r ans ien t s  also occur in 
normal ly  green cells of var iega ted  leaves of Oenothera- 
mutan t s .  PD t r ans i en t s  are n o t  observed,  however ,  in 
the  yellowish m u t a t e d  cells hav ing  an impai red  pho to -  
sys tem I or p h o t o s y s t e m  I I  respect ively,  unless there  is a 
symplasmic  connect ion  be tween  the  green and  the  m u t a t e d  
cellsL This  shows t h a t  the  l ight- t r iggered signal can be 
t r ans loca ted  f rom t h e  green cells to  t he  m u t a t e d  ceils. 

In  our exper iments ,  we used micro-capi l lary  electrodes 
(tip d iamete r  < 1 ~xm, filled wi th  3 M KC1, res is tance  

Potent ia l  O sc i l l a t i ons  of Oeno thera  

> 4 Mohms in 3 M KC1). The electrodes were inser ted  
into the  center  (probably  the  vacuole) of a cell of the  upper  
pal isade p a r e n c h y m a  layer, a f ter  the  epidermis  was 
s t r ipped  off. The leaf sample  was m o u n t e d  in to  a small  
ch amb e r  which was con t inuous ly  f lushed wi th  art i t icial  
pond  wa te r  (APW:  i m M  NaC1 + 0.1 m M  KC1 + 0.05 m M  
CaSO,,  p H  abou t  6.1). For  more  expe r imen ta l  detai ls  see s. 

In i t ia l  expe r imen t s  showed t h a t  a f ter  add i t ion  of CH 
(10 ~g/ml = 36 ~zM) to t he  ex te rna l  medium,  no l ight-  
induced  po ten t i a l  changes  were de tec tab le  wi th  the  
e lect rode t ip  in whi te  cells of Oenothera hookeri �9 albicans 
IV / I I e ,  a l though  green cells were in symplasmic  con tac t  
wi th  t he  m u t a t e d  cells. Thus,  appa ren t l y  CH blocked 
symplasmic  t rans fe r  of the  signal. 
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Respiratory O~-uptake, photosynthetic O2-evolution , 14CO2-fixation, 
and light-dependent p H-changes in the external medium of completely 
green leaf strips of Oenothera hookeri �9 albicans IV/II~ in the absence 
(controls) and the presence of 10 ~g CH/ml after 1 h preineubation 
in the aerated solution 

Controls 10 ~tg CH/ml n P 

O2-uptake 125 ~ 18 101 ~ 13 5 > 0.9 
(~mole gDw -1 h -1) 

O2-evolution 304 :~ 51 239 j_ 29 5 > 0.9 
([xmole gDw -1 h -1) 

14CO2-fixation 125.6 ~: 2.7 120.8 ~ 11.8 4 > 0.6 
([zInole g~w 1 h 1) 

Light-induced H+-uptake 111 ~- 9 100 • 6 5 > 0.3 
(~tmole gDw -1 h -x) 

Dark-induced H+-release 77 • 8 78 =t= 8 5 > 0.8 
(~mole g.w -1 h -1) 

Deviations are standard errors of the mean, n is the number of repli- 
cates, P was calculated by t-test after Student, FW, fresh weight; 
DW, dry weight. 

However ,  2 contro l  expe r imen t s  wi th  the  electrode t ip  
in fully green leaf cells of th is  var iega ted  m u t a n t  showed 
t h a t  the  P D  oscil lat ions in the  green cells themse lves  are 
inhib i ted  by  CH. Figure  1 shows one of these  exper imen t s  : 
in the  first  22 min,  normal  t r ans i en t  changes  are exh ib i t ed  
af ter  swi tching  on or off the  microscopic light. Af te r  
22 min,  the  ex te rna l  med ium was replaced by  the  CH- 
conta in ing  solution.  Now the  electrode was consecut ive ly  
inser ted  into 2 new cells of the  same green leaf sample  as 
indica ted  in Figure 1 which shows t h a t  due to the  addi t ion  
of CH the  PD oscillations d i sappeared  wi th  t ime,  excep t  
for small  and  r a t h e r  shor t  d is tor t ions  of the  PD f rom the  
res t ing level. In  wi ld - type  O e n o t h e r a - l e a f  cells under  
normal  expe r imen ta l  condit ions,  large t r ans i en t  oscilla- 
t ions  are de tec tab le  even 100 min af ter  inser t ion of an 
electrode s. F igure  2 depic ts  the  C H - d e p e n d e n t  decrease 
of the  ampl i tude  of the  major  l ight- t r iggered depolar iza-  
t ion.  

Since l i gh t -dependen t  PD changes  are l inked to pho to -  
syn the t i c  e lectron flow 6-12, we had  to ensure t h a t  photo-  
syn thes i s  i tself was unaf fec ted  by  CH. Therefore,  we 
measured  p h o t o s y n t h e t i c  O2-production, 14CO2-fixation, 
l igh t - induced  pH-changes  in the  ex te rna l  medium,  and  in 
add i t ion  resp i ra tory  O2-consumption.  The leaf s t r ips  
(about  1 cm long and  1 m m  wide) were p re incuba ted  for 
1 h in the  exper imen ta l  solut ion (APW wi th  10 ~xg CH/ml  
added  where  appropr ia te) .  O2-exchange of leaf s t r ips  was 
t h e n  recorded polarographical ly .  14CO2-fixation (1 min) 
was de te rmined  under  the  same light-  and t empe ra tu r e -  
condi t ions  (10000 lux, 25 ~ p H  6.0). L igh t - induced  pH-  
changes  were measured  as descr ibed previously  1~. These 
pH-changes  (possibly b ro u g h t  abou t  by  ap p a ren t  p ro ton  
fluxes 9,10, 1~-15 as given in the  Table) are d e p e n d e n t  on 
in t ac t  non-cyclic  p h o t o s y n t h e t i c  electron flow9,1~ 
T h e y  are kinet ical ly  corre la ted wi th  the  l ight - induced 
m e m b r a n e  po ten t i a l  changes  in p l an t  cells o, 10 

The Table shows t h a t  CH has no signif icant  effect  on 
the  pa rame te r s  tes ted ,  whereas  p h o t o s y n t h e s i s - d e p e n d e n t  
PD oscillations are p r even t ed  by  CH under  t he  same 
condit ions.  In  ag reemen t  wi th  ~, CH had  no effect  on the  
resp i ra t ion  of the  leaf str ips.  

These results  suggest  t h a t  CH blocks the  communica t i on  
be tween  the processes wi th in  the  chloroplas ts  genera t ing  
the  PD oscillations and the  t ip  of the  electrode picking 
up  these  t rans ients .  H av i n g  no effect  on pho tosyn thes i s  
itself, CH p robab ly  does no t  affect  the  react ions t r iggering 
the  signal. Since in our expe r imen t s  the  electrode t ip  was 
p r e sumab ly  in the  vacuole,  communica t ion  be tween  the  
in ter ior  of the  chloroplas ts  and the  electrode ex tends  over  
several  m e m b r a n e s  (e.g. thy lakoid  membranes ,  chloroplas t  
envelope,  tonoplas t )  and the  cy toplasmic  phase.  CH m a y  

9 C. K. PALLAGHY and U. LlflTTGE, Z. Pflanzenphysiol .  62,417 (1970). 
10 V. K. ANDRIANOV, A. A. BULYCHEV, G.A. KURELLA and F. F. 

LITVlN, Biofizika 16, 1031 (1971). 
11 G. THROM, Z. Pflanzenphysiol. 65, 389 (1971). 
12 W. J.  VREDENBER6 and W. J. M. TONK, Biochim. biophys. Acta 

298, 354 (1973). 
13 A. B. HOPE, U. L'0TTGE and E. BALL, Z. Pflanzenphysiol .  68, 73 

(1972). 
~4 E. BRINCKMANN and U. LOTTGE, Z. Naturforsch. 27b, 277 (1972). 
a~ U. LOTTGE, D. KRAMER and E. BALL, Z. Pflanzenphysiol. 71, 6 

(1974). 
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Fig. 1. Light- or dark-induced 
membrane potential oscillations. 
Electrical potential difference (E) 
between the inside of the cell 
(negative) and the experimental 
solution was recorded with the 
electrode tip inserted consecutively 
into 3 palisade parenchyma cells 
of a completely green leaf sample 
of Oenothera hookeri �9 albicans 
IV]IIcr At time zero, the electrode 
was inserted into the first cell and 
2 transient potential changes were 
recorded with this cell in the 
absence of CH. After 22 min. CH 
(10 [xg/ml) was added to the con- 
tinuously flowing external solution, 
and the electrode inserted into 
another cell. From here on, the 
recording shows the gradual 
dissappearing of the transient 
oscillations. The electrode was in- 
serted into a 3rd cell after ~ 45 min. 
The signal has almost disappeared 
after about 60 rain after CH addi- 
tion. 
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affect  th is  communica t i on  by  act ing on the  m o v e m e n t  of 
t r a n s p o r t  metabo l i t es  carrying ~ P and reducing equiv- 
a lents  across the  chloroplas t  envelope n,~2. Though  we 
did no t  measure  i t  in the  p resen t  s tudy,  it  is likely t h a t  CH 
inhibi ts  pro te in  synthes is  in Oenothera leaf cells. Thus  CH 
migh t  cause the  observed effect  on PD oscillations via 
affect ing processes wi th  high ra tes  of p ro te in  t u rnove r  as 
discussed in 4, 16,17. The re la t ionship  be tween  pro te ins  and 
the  r a the r  rapid  changes  of the  m e m b r a n e  po ten t ia l  is, 
however ,  diff icult  to unders tand .  I t  m a y  be possible t h a t  
electrogenic p u m p s  in the  m e m b r a n e  hav ing  a pro te in-  
aceous c o m p o n e n t  are affected.  Bu t  before we know all 
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Fig. 2. Effect of CH on the amplitude ( A E) of the major light-induced 
depolarization of the membrane potential of Oenothera leaf cells from 
the same plant as in Figure 1. At time zero, CH was added (10 [xg/ml). 
Results of 2 experiments (• and +) arc shown; data given by • 
symbols have been taken from Figure 1. 

effects of CH on physiological  processes in the  cell, our 
conclusions necessar i ly  r emain  more  or less speculat ive.  

Summary. The ant ib iot ic  cyc loheximide  (10 ,~g/ml) 
inhibi ts  the  l ight - induced t r ans ien t s  of m e m b r a n e  po ten t ia l  
of green cells in Oenothera-leaves, while pho tosyn thes i s  
(measured by  O2-evolution, 14CO2-fixation and  l ight-  
induced pH-changes  in the  ex te rna l  medium) and respira-  
t ion remain  unaf fec ted  under  the  same condit ions.  

Zusammen/assung. U n t e r  dem Einf luss  von Cyclohex- 
imid (10 [zg/ml) werden  die l ichtausgel6sten Membran-  
po t en t i a l s chwankungen  in grfinen Mesophyllzel len von 
Oenothera unterdr i ickt ,  w/ ihrend un te r  den gleichen Be- 
d ingungen  nach  einer S tunde  Vorbehand lung  mi t  Cyclo- 
hex imid  Reak t ionen  der  P h o t o s y n t h e s e  und  der A t m u n g  
(gemessen als O2-Entwicklung,  14CO2-Fixierung, l icht- 
induzier te  pH-)knderungen  im Aussenmed ium und  als 
respira tor ische O2-Aufnahme ) n ich t  bee in t rXcht ig t  wer- 
den. 
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E n e r g e t i c s  o f  L o c o m o t i o n  i n  a M o n o t r e m e ,  t h e  E c h i d n a  Tachyglossus aculeatus 

The echidna  Tachyglossus aculeatus appears  un ique ly  
useful as an analogue for s tudies  of the  energet ic  require-  
m e n t s  of locomotion.  The animal  presen ts  th ree  fea tures  
which  we pos tu la t e  m a y  have  an effect  on the  cost  of 
locomot ion;  a res t ing oxygen consumpt ion  abou t  one- 
half  t h a t  found in p lacenta l  m a m m a l s  of the  same body  
mass  1, a unique  locomotory  m o v e m e n t  which involves  
hum ora l  long-axis  ro ta t ion  r a the r  t h a n  an te ropos te r io r  
p ro t r ac t ion  2 and dis ta l ly  h e a v y  l imbs specialized for 
digging. We repor t  here expe r imen ta l  de t e rmina t ions  of 
oxygen  consumpt ion  dur ing  walking in t he  ech idna  and 
the  relevance of these  fea tures  to  locomotory  energetics.  

The animals  were t aken  f rom Kangaroo  Is land,  South  
Austral ia,  and ma in t a ined  in the  l abora to ry  on artificial  
diet.  F r o m  an init ial  sample  of 4, 2 of t he  echidnas  were 
t r a ined  to walk  a t  a va r i e ty  of speeds on a mo to r -d r iven  
t readmil l .  The  abi l i ty  of the  animals  to  r e t r ac t  t he  head  
made  the collection of resp i ra to ry  gas in a mask  
impract icable ,  and  all t es t s  were conduc ted  in a closed 
c h a m b e r  w i th  a por t  for incoming air a t  the  rear. S teady  
s ta te  oxygen  consumpt ion  was measured  by  drawing  
room air t h rough  the  chambe r  a t  16 1 min -1 and measur ing  
the  difference in oxygen  concen t ra t ion  of the  gas f rom the  
c h a m b e r  and t h a t  in room air by  pass ing samples  t h r o u g h  
a d ia fe rometer  3. Res t ing  m e a s u r e m e n t s  were t aken  b o t h  

before and  af ter  tes t  runs  on animals  s t and ing  in the  
c h a m b e r  under  the  same condi t ions  of t e m p e r a t u r e  and 
i l luminat ion.  The animal  was considered in s t e ad y  s ta te  
dur ing  ac t iv i ty  since a) oxygen  consumpt ion  var ied less 
t h a n  • 3 % over  15 min intervals ,  b) no increase in oxygen  
consumpt ion  was a p p a r e n t  in the  res t  per iod a t  the  
conclusion of the  walking tes t .  A m b i e n t  t e m p e r a t u r e  in 
the  walking ch amb e r  was ma in t a ined  a t  23 ~ and  all gas 
volumes  are expressed as d ry  gas a t  s t a n d a r d  condit ions.  

S t ead y  s t a te  oxygen  consumpt ion  increased l inearly 
wi th  runn ing  speed in bo th  animals.  For  the  larger  
(3.53 kg) ech idna  th is  re la t ionship  is descr ibed by  the  
equa t ion  M = 0.37 V + 0.25 and  for the  smal ler  (1.69 
kg) an imal  by  M = 0.45 V + 0.31; where  M is oxygen  
consumpt ion  in ml 0 2 g 1 h-1 and  V the  walking ve loc i ty  

1 K. SCHMIDT-NIELSEN, T. J. DAWSON and E. C. CRAWFORD JR., 
J. cell. Physiol. 67, 63 (1966). 

2 F. A. JENKINS, Science 168, 1473 (1970). 
3 We used a Kipp and Zonen model nlg4 diaferometer coupled to a 

Kipp and Zonen micrograph model BD5. The unit was calibrated 
with a gas mixture at temperature and pressure conditions 
identical to the sample line. 

4 C. R. TAYLOR, K. SCHMIDT-NIELSEN and J. L. RAAB, Am. J. 
Physiol. 219, 1104 (1970). 


