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l ight ,  a s y s t e m  of  m o n o c h r o m a t i c  l ight and  dark  fringes 
were focused in the  whole field of view. 

The cr icket  spe rma t id s  were m o u n t e d  in an isotonic 
insect sal ine m e d i u m  for in te r fe romet r ic  invest igat ions .  
The phase -change  r e t a rda t i on  of the  nebenkern  becomes 
visible as the  la tera l  shif t  of the  fringes in the  image which 
was p h o t o m i c r o g r a p h e d  (Figure). The accuracy ob ta ined  
by th is  m e t h o d  is expec t ed  to  be ~ 0.005 wave leng th .  
The average  opt ica l  p a t h  difference de t e rmined  f rom the  
pho tomic rog raphs  is 0.58 wave leng th  of the  green l ight;  
thus the  absolu te  opt ical  p a t h  difference of the  nebenke rn  
is (0.58 × 0.546 Ix). Cell d iamete r s  were measured  with a 
mic romete r  ocular.  

The basic formula  re la t ing the  opt ical  p a t h  difference to 
the d ry  mass  of the  mi tochondr i a l  nebenke rn  is the  same 
as used in r e f r ac tomet ry .  However ,  since in th is  case the  
cells were suspended  in isotonic saline medium,  a cor- 
rect ion factor  is added  to the  formula :  

The value 11.24 × l/) 12 g ob ta ined  for to ta l  d ry  mass of 
mi tochondr ia l  nebenkern  by  r e f r a c t o m e t r y  agrees well 
with the  d ry  mass wdue  of 12.50 v, l0 ~o. g ob ta ined  by  
in te r fe romet ry ,  l ) i fferences in wdues  were well within the  
errors of both  methods1°  1.,. 

Rdsumd. l . ' au teu r  a. effectu6 des mesures  rdfracto-  
m6tr iques  e t  in te r fdrom6tr iques  sur  le r6sidu sec, con- 
centr6,  tie la mat  i6re mi tochomlr i a l e  du <mebenkern~ des 
spe rma t ides  du Grilhm. l.a wtleur  o b t e n u e  par  rdfracto-  
mdtrie ( l l x  10 l ~ g )  e n  ut i l i sant  le microscope  h inter-  
f6renee (le A. O. BAKEI~ concurde avec celle qui a 6t6 
ob tenue  par  interf6r()mdtrie (12.56 "< 10 ill g) aveC le nou-  
veau microscope it interf6rence de l .eitz.  
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where Ixm, [z,v are t h e  ref rac t ive  indices of the  saline 
medium and  water ,  respect ively ,  t is th ickness  equ iva len t  
to t he  d iameter .  

The d ry  weight  mass  of the  nebenkern  is d e t e r m i n e d  to 
be 12 .56×10  l e g % .  
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The Percept ion  of Vibrat ion by the Subgenual  
Organ in Zootermopsis angusticollis E m e r s o n  

and Periplaneta americana L. 

In  the i r  inves t iga t ions  of the  v ib ra t ion- sens i t iv i ty  of the  
insect  subgenua l  organ,  & U T R U M  i'2, and  AUTRUM and  
S C H N E I D E R  3 have  concluded t h a t  there  was a t rans -  
format ion  of the  s t imulus  (Reiztrans/ormation), in which 
the v ib ra t ion  gave rise to vor t ices  in the  blood a round  the  
subgenual  organ.  The c o n s t a n t  pressure  of these  vort ices  
was held  to  be responsible  for s t imula t ing  the  sensory  cells. 
During the  course of inves t iga t ions  of the  v ibra t ion-  
sens i t iv i ty  of Z. angusticollis and  also of P. americana, 
evidence has accumula ted  wh ich  suggests  a s l ight ly  differ-  
ent  i n t e rp re t a t i on .  

In  b o t h  insects  osci l lographic recordings  were t aken  
with e lect rodes  in the  ven t ra l  nerve  cord, bu t  in the  cock- 
roach main ly  wi th  e lec t rodes  in the  femur  of an isolated 
leg. The  legs were res ted  on a surface which could be 
v ib ra ted  by  the  coil of a su i t ab ly  modif ied  moving-coi l  
loudspeaker  worked f rom an aud io f requency  oscillator. 

In  bo th  insects  the  response  to a pulse of v ibra t ion  had 
a la tency  of 10-20 msec and died out  af ter  abou t  the first 
half second (Figure 1 for the  cockroach p repara tkm) .  How- 
ever, a series of rapid  pulses a t  the  same f requency  of 
v ibra t ion  elici ted a synch ronous  n o n - a d a p t i n g  response 
for up  to a t  least  30 pulses/see for P. americana (Figure 1). 
At be tween  5 and  20 pulses/see for Z. an~usticollis, the  
response,  a l though  synchronous ,  t ended  to be lost a f ter  
about  10-30 pulses (Figure 2). Af ter  a break of 1/50 sec in 
a long pulse of v ibra t ion,  an immed ia t e  response can be 
recorded,  and  a p h e n o m e n o n  f requent ly  encoun te red  with 
a cockroach  p repa ra t i on  is a response  or ig inat ing  f rom the  
end of the  pulse as welt as from the  s t a r t  of the  nex t  
(Figure 1). Fur the r ,  a f ter  the  response  to a long pulse has 
died away,  a synchronous  response  can be ob ta ined  to 
modula t ion  of the  v ib ra t ion  by  t app ing  the  suppor t  wi th  
a glass rod (Figure 3). 

This evidence clearly suggests  t h a t  the sense-organ is 
responding not  to s t e a d y - s t a t e  condi t ions ,  but  to p h e n o m-  
ena tha t  precede or in terfere  with the  s t eady  s ta te .  Before 
going fur ther  it is necessary  to cons ider  the  s t ruc tu re  of 
the  subgenuat  organ which has  been s tud ied  in Z. anguMi- 
collis. (Fu r the r  deta i ls  of th is  will be publ ished elsewhere.)  
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Fig, '2. Re~p(m~es ruc(wded frolll the  I I (WVC ('Ol'(l of  the  tcq'lllitc to 
v i b r a t i o n  wi th  a f r c q m ' n c y  (~f 12Fbll c.p,~.,  in I)ul,,e,~ of  10/,;oc. 
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Fig. :L  l?.e~pon~es rec~wded f rom the  n e r v e  co rd  of  t he  t e r m i t e  to 
v i b r a t i o n  wi th  a f r e q m q w y  of IO5o c.p.~.,  m o d u l a t e d  b y  t a p s  w i t h  a 

gla~,S rod .  
Scale  line = I sec in each ca~e. 
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T h e  p r o x i m a l  scolopale cells lie in  t h e  b lood-space  of t h e  
t i b i a  a n d  are  a t t a c h e d  a t  t h e i r  d i s ta l  ex t r em i t i e s  to  t h e  
accessory  cells. The  l a t t e r  are  closely b o u n d  t o g e t h e r  b y  a 
n e t w o r k  of tendr i ls ,  p r e s u m a b l y  col lagenous  in na t u r e ,  
wh ich  come t o g e t h e r  in a b road  s t e m  to  a t t a c h  to  t h e  
cuticle.  

D e p e n d i n g  on  the  cond i t ions  of d a m p i n g ,  t h e  s u d d e n  
app l i ca t ion  of a force to a mass  will i n i t i a t e  a h a r m o n i c  
free v i b r a t i o n  of t h a t  mass .  The  d i sp l acemen t ,  x, is g iven  
b y  an  e q u a t i o n  of t he  form 

x = Ae - a  (cosw~ t -- ~) 

W h e r e  o)r is t he  a n g u l a r  ve loc i ty  a t  the  n a t u r a l  f requency ,  
a n d  A a n d  7 are  c o n s t a n t s  p r o p o r t i o n a l  to  t h e  app l i ed  
force. U n d e r  n o r m a l  cond i t i ons  t h i s  v i b r a t i o n  will soon  be  
d a m p e d  out .  I f  t h e  app l ied  force is i tself  h a r m o n i c ,  as i n  
t h e  cases cons idered  h e r e , i t  follows t h e r e  will be  a n  in i t i a l  
t r a n s i e n t  v i b r a t i o n  se t  up.  Th i s  will  r e v e r t  to  t h e  v i b r a t i o n  
due to the  impressed  force as soon  as  t h e  free v i b r a t i o n  
has  been  d a m p e d  out .  The  d i s p l a c e m e n t  will t h e n  be  
g iven  b y  a n  e q u a t i o n  of t he  fo rm 

x = X cos ¢o t 

where  X is t h e  m a x i m u m  d i sp lacemen t ,  a n d  e~ is t he  
angu l a r  ve loc i ty  of t h e  impressed  force. There fo re  t h e  
in i t ia l  effect  of t h e  forced v i b r a t i o n  of t h e  leg will be  to  se t  
the  cells of t he  s u b g e n u a l  o rgan  i n to  free ( t r ans i en t )  
v ib ra t ion ,  b u t  s ince the  d i s t a l  cells are  b o u n d  to  each  o t h e r  
a n d  to  t he  cuticle,  t h e i r  n a t u r a l  f r e q u e n c y  will  be  d i f f e ren t  

f rom t h a t  of t he  p r o x i m a l  cells. H e n c e  whi le  t h e  t rans ien t  
v i b r a t i o n s  last ,  t h e r e  will  be  a r a p i d  a n d  c o m p l e x  var ia t ion  
of forces a t  t h e  j u n c t i o n s  of t h e  p r o x i m a l  a n d  d i s t a l  cells, 
wh ich  could  cause  t h e  n e r v o u s  d ischarge .  I f  t h i s  is so, any 
suf f ic ien t ly  a b r u p t  d i s p l a c e m e n t  f rom equ i l ib r ium or 
s t e a d y - s t a t e  cond i t ions  m u s t  be  expec t ed  to  ini t ia te  
n e r v o u s  discharge,  wh ich  is c lear ly  ill accord  w i th  the 
resu l t s  ob t a ined .  

Zusammen/assung. Aus d e n  E r g e b n i s s e n  e iner  elektro- 
phys io log i schen  U n t e r s u c h u n g  des  Subgenua lo rgans  
zweier  I n s e k t e n  l/isst s ich ab le i t en ,  dass  e ine E r r e g u n g  der 
Sensi l len  n u r  n a c h  e iner  p lS tz l ichen  S tS rung  des  Beines 
aus  de r  R u h e  ode r  d e m  G l e i c h g e w i c h t s z u s t a n d  auf t r i t t .  

E s  wi rd  a n g e n o m l n e n ,  dass  e ine p l6 tz l iche  Ver lagerung  
de r  S t i f tze l len  u n d  de r  d i s t a l e n  akzessor i schen  Zellen des 
S u b g e n u a l o r g a n s  aus  de r  R u h e  oder  d e m  Gleichgewichts-  
z u s t a n d  sie w/ ih rend  e iner  sehr  k u r z e n  Pe r iode  in  Eigen- 
s c h w i n g u n g  verse tz t .  I n  A b h S n g i g k e i t  y o n  i h r e m  ]3au 
d i i r f te  die F r e q u e n z  de r  E i g e n s c h w i n g u n g  be i  j eder  der 
zwei Ze l l eng ruppen  ve r s ch i eden  sein, In fo lgedessen  wird 
es, bis  zu r  E i n s t e l l u n g  eines n e u e n  Gleichgewichts-  
zus tandes ,  zu e iner  schne l l en  VerAnderung  de r  Kr/ i f te  an 
de r  V e r b i n d u n g  zwischen  St i f tze l len  u n d  akzessor ischen 
Zellen k o m m e n ,  was  N e r v e n i m p u l s e  aus l6sen  k6nn t e .  

P.  E.  HowsE  

Department o~ Zoology, Queen Mary College, University o/ 
London (England), June 27, 1962. 

A n  A l k a l i  R e s i s t a n t  F a c t o r  w i t h  B~2 A c t i v i t y  f o r  

P r o t o z o a  a n d  M a n  1 

Our  s tud ies  on  t h e  effect  of f lush ing  doses of cyano-  
c o b a l a m i n  ( v i t a m i n  B12 ) in  dogs a n d  m a n  revea led  t h a t  
B~2 displaced n o t  on ly  hepa t i c  b o u n d  B~2 b u t  also a n  
a lkal i - res is tant  t h e r m o s t a b l e  fac tor  (ARF)  which  suppor t ed  
t he  g r o w t h  of t h e  B12-requiring m i c r o o r g a n i s m s  Laclo- 
bacillus leichmannii, Escherichia coli 113-3, Euglena gra- 
cilis a n d  Ochromonas malhamensis ~. G r o w t h  cou ld  n o t  be  
a t t r i b u t e d  to  deoxyr ibos ides  ~-5 s ince  t he  l a t t e r  two  
o rgan i sms  do n o t  r e s p o n d  to  nucle ic  ac id  d e r i v a t i v e s  6. 
Also, A R F  failed to  s u p p o r t  g r o w t h  of a t h y m i n e - t h y m i -  
d ine - requ i r ing  E. cell m u t a n t .  U n l i k e  B~2 or  r e l a t ed  
cobamides ,  A R F  is s t a b l e  a t  118°-121°C a n d  p H  11.5-12 
for  30-60 ra in  w i t h o u t  a d d e d  r educ ing  a g e n t s  7,s. A R F  was  
n o t  de t ec t ed  in t h e  c i r cu la t ion  of m a n  unless  d i sp laced  b y  
Blz. I t  was  found  in h u m a n  a n d  beef  l iver  a n d  also in  
a lkal i  e x t r a c t s  f rom t h e  cu l tu re  m e d i u m  of a t h e r m o p h i l i c  
baci l lus  g rown a t  55°C. T h e  p r e s e n t  c o m m u n i c a t i o n  de-  
scr ibes  m e t h o d s  of p r e p a r a t i o n  a n d  some  of t h e  c h r o m a t o -  
graphic ,  microbiological ,  a n d  cl inical  p rope r t i e s  of A R F .  

Materials and Methods. Source of A RF. (a) H u m a n :  He-  
pa t i c  venous  b lood was o b t a i n e d  f rom 12 n o r m a l  sub j ec t s  
a n d  8 p a t i e n t s  w i t h  c i r rhosis  5 m i n  to  2 h a f t e r  i n t r a -  
venous  a d m i n i s t r a t i o n  of 100 ~g of  :t3~2% Surg ica l  l iver  
biopsies were o b t a i n e d  f rom 8 n o r m a l  sub j ec t s  a n d  per-  
c u t a n e o u s  biopsies  ~° f rom 2 p a t i e n t s  w i t h  pe rn ic ious  
anemia .  

(b) A n i m a l :  Ava i lab le  c o m m e r c i a l  beef  l iver  pow de r s  
were  a n a l y z e d  for  t h e i r  A R F  c o n t e n t .  T h e  be s t  source  was  
~ound to  be  l iver  e x t r a c t  c o n c e n t r a t e  1 : 20 o b t a i n e d  f rom 
N u t r i t i o n a l  Biochemica l s  Corp.,  Cleveland  (Ohio). 

(c) Microbia l :  Bacillus coagulans ATCC 12 990, a t h e r m o -  
phi le  p r o d u c e d  A R F ,  I t  was  grown a t  55°C in  a m e d i u m  

cons i s t ing  of co rn - s t eep  l iquor  (5.0 ml),  N a C N  (2.0 ms) ,  
coba l t  (4.0. m g  as CoSO 4. 7 H 2 0  ), c i t r ic  a c i d . H ~ 0  
(100 mg),  t r i e t h a n o l a m i n e  (300 mg),  d is t i l led  w a t e r  (to 
100 ml) a d j u s t e d  to  p H  6.1 w i t h  K O H  n.  

Coba l t  was  n o t  essent ia l  for  A R F  p roduc t ion ,  t h e  same 
c o n c e n t r a t i o n  of i ron,  a d d e d  as F e S O 4 . 7 H , O  could  be 
s u b s t i t u t e d .  A l t h o u g h  A R F  a c t i v i t y  a p p e a r e d  w i t h o u t  
these  ions,  e i t h e r  ion s t i m u l a t e d  A R F  p r o d u c t i o n  b y  the  
baci l lus .  The  m e d i u m  was i nocu la t ed  w i t h  a n  h o m o g e n a t e  
f rom a loopful  of B. coagulans grown  o n  n u t r i e n t  agar  
o v e r n i g h t .  M a i n t e n a n c e  a n d  g r o w t h  of these  t h e r m o p h i l e s  
h a v e  b e e n  desc r ibed  1~. 

A RFassay.  B12 a n d  A R F  were a s sayed  w i t h  (a) L. leich- 
mannii ATCC 7830, (b) t h e  m u t a n t  E. coli 113-3, (c) E. 
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