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Results and discussion. Nearly  13fold pur i f ica t ion was 
ob ta ined  by  the  m e t h o d  used and tile resul ts  of purifi-  
ca t ion are summar ized  in the  table.  The t issue t reha lase  
f rom M. lamarre i  showed o p t i m u m  ac t iv i ty  a t  p H  6.0 in 
0.1 M p h o s p h a t e  buffer  (figure 1). The p H  o p t i m u m  of 
whole body  t rehalase  of insects  ranged f rom 5.2 to  6.5; as 
for example  B o m b y x  mori  5.211, Galleria mellonella  5.512, 
P. regina 5.8 la, B. discoidalis  6.0 ~, Leucophaea  maderae  
6.014, H. cecropia 6.54, S. gregaria 6.0-6.5L This  value 
also resembles  the  p H  o p t i m u m  ob ta ined  for d iges t ive  
gland t reha lase  of M. lamarrei  (5.5)15. The purif ied pre- 
pa ra t ion  is h ighly  specific for t rahalose,  as revealed by  
the  subs t r a t e  specif ic i ty  tes ts  using o ther  e- l inked sub- 
s t ra fes  (sucrose, maltose,  melezitose and p -n i t ropheny l -  
~-D-glucoside). 
A value for the  Michaelis cons tan t  (Kin) of 2.85 mM was 
calcula ted f rom a L ineweaver -Burk  plot  (figure 2). Km 
values ob ta ined  for the  t issue t rehalase  f rom Blaberus  
3.3 mM 5, H y a l o p h o r a  3.6 mIV[ 4, P h o r m i a  1.3 mM '3 and  
Schis tocerca  3.8 mM ~. The mol .wt  of t he  enzyme  was 
e s t ima ted  to be a round  120,000. This  value is far less t h a n  
the  value ob ta ined  for t he  enzyme  of Mandusa  (250,000) s 
and  Drosophi la  (200,000) 16 bu t  it  is h igher  t h a n  t h a t  
r epor ted  for Blaberus  (80,000) 5. Abou t  21.7% of the  
enzyme ac t iv i ty  was inhibi ted  in Tris-HC1 buffer  sup- 
por t ing  the  previous observa t ions  7,1L Repea t ed  freezing 

and thawing  of the  10,000 • g s u p e r n a t e n t  cons iderably  
increased the  specific ac t iv i ty  of the  enzyme.  The same 
resul ts  were found by  earlier workers  4, 5, 7, 14. The enzyme  
was s table  a t  all t e m p e r a t u r e s  below 45 ~ for a t  leas t  3 h, 
bu t  a t  65~ i t  was  comple te ly  des t royed .  The en zyme  
could remain  in deep  freeze w i t h o u t  any  loss of ac t iv i ty  
for several  weeks. 
No repor t s  are avai lable  so far on the  proper t ies  of t re-  
halase f rom a c rus tacean  source. The p resen t  s t u d y  re- 
veals t h a t  the  t issue t reha lase  of M. lamarre i  has  m a n y  
features  in c o m m o n  wi th  the  t issue t reha lase  of insects .  
The p H  o p t i m u m  falls wi th in  the  same range, its ac t iv i ty  
is inhibi ted  by  Tris-HC1 buffer  and  i t  has  a Km value  of 
2.85 mM. Hence  i t  m a y  be concluded t h a t  t he  t reha lase  
of M. lamarre i  is m o r e  or less s imilar  in na tu re  to  t h a t  
ob ta ined  f rom insect  sources. 
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Summary. The electr ical ly- induced mot i l i ty  of isolated segments  of guinea-pig sciatic nerves  is repor ted.  This mot i l i ty  
was charac ter ized  by  waves  of tens ional  var ia t ions .  The removal  of Ca 2~ f rom the  suspending  solution,  the  add i t ion  
of E D T A  as well as anoxia,  resul ted in a d e c r e m e n t  of tension accompanied  by  a pro longued d u ra t i o n  of the  cycles of 
mechanica l  act ivi ty .  

One of the  first  repor t s  of the existence of an axona l  flow 
da tes  back to  app rox ima te ly  30 years  ago4, 5. Never the -  
less, the  mechan i sm by  which axoplasmic  c o m p o n e n t s  
migra te  along nerves  are no t  p resen t ly  known.  The 2 
theories  which  are more  widely accepted  6 pos tu la te :  
a) Per iaxonal  e lements  genera te  peristal ic pressure  waves 
which,  by  squeezing the  axoplasm,  can move  its compo-  
nen t s  distally,  b) There  are s t ruc tura l  changes  in axo- 
plasmic macromolecules  able to propel  inner  materials .  
0 c h s  has proposed  the  ' t r anspo r t  f i l ament  hypo thes i s '  
as an exp lana t ion  for the  axoplasmic  t r anspor t .  Accord-  
ding to this  theory ,  crossbridges exis t ing be tween  t rans -  
por t  f i l ament  and neurof i l aments  or micro tubules  were 
considered to  be involved in axonal  movemen t s ,  simi- 
larly to the  s i tua t ion  described for the  sliding f i l ament  
model  of muscle con t rac t ion  v. 
Bor isy  and Taylor  sugges ted  a specific colchicine b ind-  
ing pro te in  as the  m a y o r  c o m p o n e n t  of m a n y  axonal  
microtubules  8. Pusk in  and Berl have  shown t h a t  the  
mic ro tubu la r  prote in  has  actin-l ike proper t ies  9 and la te ly 
an ac tomyosin- l ike  p ro te in  has been isolated f rom the  
synap tosomal  f ract ion of bovine and ra t  brain10. On the  
o ther  hand ,  Weiss was able to  show cont inuous  per is ta l t ic  
mot ions  in isolated nerves  of young mice using micro- 
c inematographic  me thods  n. - Based on all these  data ,  
we considered it of in te res t  to explore the  possibi l i ty  of 

recording d is t inc t  signs of mechanica l  ac t iv i ty  in isolated 
nerve  p repara t ions  electr ical ly s t imula ted .  
Methods. Sciatic nerves  isolated f rom adul t  (500-700 g) 
guinea-pigs were used. Af ter  the  animals  were killed by  
decapi ta t ion ,  the  dis ta l  p a r t  of t he  pr inc ipal  t r u n k  of t he  
sciatic nerve was  dissected out.  Segments  of approxi -  
ma te ly  2 cm were removed,  p laced in a Petr i  d ish  con- 
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ra in ing Krebs -R inge r  B ica rbona te  (KRB} solut ion;  gassed 
wi th  a m ix tu r e  of 95% O~ 5% CO s. The subs t r a t e  for this  
solut ion was glucose a t  11.0 mM and its t empe ra tu r e  and 
p H  were ma in t a ined  cons t an t  a t  37 ~ and 7.4, respect ively.  
Nerve  segments  were t h e n  t r i m m e d  of ex t raneous  t issue 
w i thou t  s t r ipping  the  per ineura l  shea th  and m o u n t e d  for 
the  recording of mechanica l  ac t iv i ty  accord ingly  to a 
procedure  ; similar to t h a t  employed  wi th  Other t issues 1~,18; 
employing  a force t r ansduce r  and an oscil lographic re- 
corder.  Af ter  a res t ing  tens ion  of 500 mg was appl ied to 
the  isolated nerves  by  means  of a micromet r ic  device;  
t he  p repa ra t ions  were allowed to equi l ibrate  in t he  t issue 

Fig. 1. Effects of different intensities and frequencies of stimulation 
upon the mechanical responses of isolated guinea-pig sciatic nerves. 
Black dots indicate the moment of stimulation. Panel a depicts 
responses obtained with increases voltages (figures between paren- 
theses) at a constant frequency of 40 cps. Panel b shows re- 
sponses following increasing frequencies (figures between paren- 
theses indicating cps) at a constant intensity of 20 V. 

b a t h  for a 60-min-per iod;  following which were s t imu-  
lated wi th  a conven t iona l  s t imula tor .  The electrical sti- 
muli  (square waves  of 3 msec dura t ion ,  a f requency of 
2-80 cps and an in t ens i ty  of 2-80 V) were appl ied for 
20 sec. The recording sys tem allowed the  de te rmina t ion  
of: a) tens ion magn i tude  and b) dura t ion  of tens ion waves.  
The ampl i tude  of the  tens ion  developed by  the  t issue was 
expressed in mg and  n a m e d  as the  I sometr ic  Developed 
Tension (IDT); whereas  the  dura t ion  of the  mechanica l  
waves  was measured  in rain. 
3 d i f ferent  types  of expe r imen t s  were per formed.  1. In  one 
group of nerves,  the  s tabi l i ty  wi th  t ime of the  electrically 
induced tens ional  changes  were fol lowed dur ing a period 
of 60 min (the t ra ins  of impulses were del ivered every 
3-4 min). 2. In  ano the r  set of p repara t ions  4 t ra ins  of 
such impulses (each one also every  3-4 min) were applied 
and the  responses ob ta ined  t aken  as controls.  For thwi th ,  
the  t issue was washed  5 t imes  wi th  KRB-Ca~+-free med ium 
or wi th  KRB-Ca2+-free solut ion plus d isodium e thylene  
d i amine te t r ace t a t e  (EDTA) a t  1 mM (final concent ra t ion  
in the  b a t h  fluid). 6 0  min af ter  imersion in one or the  
o ther  medium,  4 new ident ical  impulses were again deliv- 
ered;  the  responses recorded and  compared  against  con- 
trols. 3. A final group of nerves  was explored for control  
ac t iv i ty  (as a l ready  indicated) and then  exposed for 5 
min, to KRB-so lu t ion  gassed wi th  a mix tu re  of 95% N2 - 
5% CO2. F o r t h w i t h  the  p repara t ions  were again s t imu-  
lated in the  same fashion as before and the  mechanical  
pa rame te r s  of the  control  responses compared  wi th  those 
ob ta ined  dur ing anoxia.  In  all cases, levels of significance 
be tween  control  and exper imen ta l  values were compared  
employing  the  S t u d e n t  t - tes t .  Differences be tween  means  
were considered s ignif icant  when  p--0.05 or less. 
Results.  a) Effec ts  of d i f ferent  intensi t ies  and frequencies 
of s t imulat ion.  Searching for ' op t imal '  condi t ions  of 
electrical s t imula t ion ,  s tepwise  increasing intensi t ies  of 
2, 5, 10, 40 and 80 V (of 3 msec durat ion)  were appl ied 
to several  p repara t ions  main ta in ing  the  f requency of im- 
pulses a t  a co n s t an t  value of 40 cps. As can be seen in 
figure 1 (panel a), and  in figure 2; the  th reshold  was 
a t t a ined  wi th  an in t ens i ty  of 2-5 V. As the  vol tage aug- 
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Fig. 2. Effects of increasing voltages of stimulation upon the 
magnitude of tension developed by isolated guinea-pig sciatic 
nerves. I. D. T. mean Isometric Developed Tension (in mg). Num- 
bers below columns indicate the intensity of stimulation in volts 
(the frequency was kept constant at 40 cps). Figures between paren- 
theses above columns represent the number of preparations ex- 
plored. Vertical bars indicate the SEM. 
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Fig. 3. Electrically-induced mechanical activity of isolated guinea- 
pig sciatic nerves. Black dots indicate the moment of stimulation. 
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Experimental conditions* 
Parameters Normal KRB KRB-Ca~+-free Normal KRB KRB-Ca2+-free + EDTA Normal KRB Normal KRB + N 2 

IDT** (mg) 97.4 q- 17.0 64.3 • 10.9 95.0 4- 11.6 48.6 ~ 9.8 118.0 4- 16 56,0 =t- 8.7 
(8) (8) (6) (6) (8) 

Duration*** 4.2 ~: 0.5 7.8 -L 0.9 4.0 ~ 0.3 7.0 ~. 1.4 4.4 i 0.8 10.0 ~- 1.5 
(8) (8) (6) (6} (8) (8) 

* Mean values i SEM. Figures in the parentheses refer to the number of preparations studied. KRB = Krebs-Ringer Bicarbonate solution. 
** Isometric Developed Tension induced by the electrical stimulation. *** Duration of the tensional waves elicited by the electrical stimulation. 

mented ,  nerve  mechanica l  responses  also increased. How-  
ever, above 20 V and wi th in  a range of 20-80, the  tens ion 
developed reached  a pla teau.  In  ano the r  group of nerves,  
the  f requency  of electrical  impulses  of 3 msec dura t ion  
were inc remented  stepwise,  whereas  the  ou tpu t  vol tage 
remained  cons t an t  a t  20 V. As can be observed in figure 1 
(panel b), we failed to de tec t  s ignif icant  var ia t ions  in the  
responses  within a wide range of frequencies  (2, 10, 40 or 
80 cps). In  view of these findings,  electrical s t imuli  of 
20 V, 3 msec and 40 cps were selected to  be employed  in 
all fu r ther  exper iments .  The electr ical ly- induced mechan-  
ical responses  to these  t ra ins  (repeated every  3-4 min) 
were followed for a period of 1 h, in order  to explore the i r  
character is t ics  and evolut ion wi th  t ime.  The results  ob- 
t a ined  were comparab le  dur ing the  whole expe r imen ta l  
period,  and no signif icant  changes  ei ther  in the magn i tude  
of tension or in the  dura t ion  of each mechanica l  wave,  
were detec ted .  
b) Effects  of Ca2+-free med ium;  Ca2+-free med ium plus 
E D T A  or anoxia.  Fol lowing 60 min of equil ibrium, the  
p repara t ions  were electrically s t imula ted  wi th  t ra ins  of 
impulses  of 20 V, 40 cps, 3 msec dura t ion ,  applied dur ing 
20 sec and repea ted  every  3 4 min. Resul ts  ob ta ined  are 
depic ted  in figure 3 (upper panel).  After  recording control  
responses,  the  procedure  was repea ted  in KRB-Ca2+-free 
solution. Figure 3 (middle panel) shows t racings of typica l  
results.  A quan t i t a t i ve  analysis of the  exper imenta l  find- 
ings are summar ized  in the  table.  A dis t inc t  reduc t ion  
of IDT, as well as clear lengthening  in the  to ta l  dura t ion  
of the  mechanica l  cycles, were cons is ten t ly  de tec ted .  
Comparable  results  were observed wi th  p repara t ions  sus- 
pended  in KRB-Ca~+-free med ium conta in ing  EDTA.  
Anoxia  (following replacing O 8 for N 2 in the  gas phase) 
also d iminished the  tens ion developed and  resul ted in an 
even grea ter  pro longat ion  of each mechanica l  wave  (figure 
3, low panel,  and table). 

Discussion.  The in vi t ro  exis tence of e lect r ical ly- induced 
mechanica l  ac t iv i ty  of sciatic nerves  isolated f rom guinea- 
pigs was d e m o n s t r a t e d  for the  first  t ime.  E v e n  consisid- 
ering t h a t  several  s tudies  p resen ted  evidence abou t  the  
presence  of contract i le- l ike prote ins  and  a dynein- l ike  
ATPase  in the  cent ra l  and per iphera l  nervous  sys t em of 
several  species v, 10, 14, 15 i t  was s t r iking to observe mea-  
surable  tensional  changes  in nerve  segments  sub jec ted  to 
an electrical  s t imulat ion.  The fact  t h a t  the  lack of Ca 2+ 
in the  med ium decreased s ignif icant ly  the  magn i tude  of 
the  induced isometr ic  developed tension,  suggests  t h a t  a 
mechanism,  similar to the  one opera t ing  during the  con- 
t r ac t ion  of muscle cells, is also under ly ing  the  mechanica l  
responses  of nerve  fibres. However ,  since the  nerve  ac- 
t i v i t y  in KRB-Ca2+-free med ium plus the  addi t ion  of 
E D T A  is no t  s ignif icant ly  di f ferent  t h a n  in Ca2+-free 
m e d i u m  w i thou t  EDTA,  appears  to indicate  t h a t  the  

isolated nerve  m a y  have  an i m p o r t a n t  in terna l  source of 
Ca 2+, or t h a t  Ca 2+ is no t  such an i m p o r t a n t  ion for its 
mechanica l  act ivi ty .  Similar resul ts  have  been obta ined  
in some isolated blood vessels 16. On the  o the r  hand,  the  
subs t i tu t ion  of O 8 by  N~ p roduced  a d i s t inc t  reduct ion in 
the  magn i tude  of the  deve loped  tension,  comparab le  to 
t h a t  observed in Ca2+-free medium.  Ano the r  po in t  in 
co mmo n  wi th  the  contract i le  reac t iv i ty  of mos t  muscle 
cells is the  lengthening  of re laxat ion  dur ing anoxia.  I t  
m a y  be t h a t  mechanica l  responses  to electrical  s t imuli  of 
isolated nerves  are somehow associated wi th  the  cont rac-  
tile pro te ins  t h a t  are considered as re la ted wi th  the  
per is ta l t ic  m o v e m e n t s  observed in some nerves  11, as well 
as w i th  the  fast  axoplasmic  t r anspor t .  However ,  in con- 
t rad ic t ion  to th is  hypothes is ,  recent  repor t s  dissociated 
the  exci tabi l i ty  of the  nerve  m e m b r a n e  and the  axoplasmic  
t r anspor t .  Indeed,  in comple te ly  depolar ized nerve  mem-  
branes  (by replacing Na + wi th  K + in the  suspending  
solution) the  ra te  of axoplasmic  t r a n s p o r t  r emained  un- 
al tered 17, 18 In  any  event ,  the  possible physiological  role, 
if any, of the  p resen t  findings,  regarding the  d is t inc t  
mechanica l  ac t iv i ty  of isolated nerves,  deserves fur ther  
studies.  
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