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Summary. A new s y s t e m  for m o t i o n  ana lys i s  is descr ibed.  Modu la t i on  of l igh t  i n t e n s i t y  b y  a n  o rgan i sm ' s  m o v e m e n t  
ove r  a n  o p a q u e  a n d  t r a n s p a r e n t  c h e c k e r b o a r d  grid is m o n i t o r e d  b y  a photocel l .  The  pho toce l l ' s  o u t p u t  is p r o p o r t i o n a l  
to  t he  o rgan ism'S  a m p l i t u d e  and  f r equency  of m o v e m e n t .  Th i s  o u t p u t  is ana lyzed  b y  a c o n t i n u o u s  i n t e r v a l  do t  d i sp lay  
a n d  spec t r a l  analysis .  The  s y s t e m  was  t e s t ed  b y  a n a l y z i n g  t he  a c t i v i t y  of 4 Drosoph i l a  s t r a ins  wh ich  are  k n o w n  to  
differ  in t h e i r  ac t iv i ty .  Genera l  app l i cab i l i t y  of t he  s y s t e m  is discussed.  

Q u a n t i f i c a t i o n  of a n i m a l  m o t o r  a c t i v i t y  has  been  a t -  
t e m p t e d  in t he  p a s t  us ing  m e t h o d s  inc lud ing  d i rec t  
obse rva t ion* ,  c i n e m a t o g r a p h y  3 and  more  soph i s t i c a t ed  
e lec t ronic  devices4-K Some of these  m e t h o d s  are  su i t ab le  
for  specific o rgan i sms  such  as sma l l  insec ts  7 or smal l  
m a m m a l s K  I n  d e t e r m i n i n g  t he  a c t i v i t y  of a n  o rgan i sm,  
t h e  fol lowing 3 bas ic  ob jec t ives  m u s t  be  r ega rded  as 
essen t i a l :  1. To def ine t he  t y p e  of a c t i v i t y  occur r ing  a t  
a n y  p o i n t  in  t ime.  2. To m eas u r e  t he  d u r a t i o n  of each  
ac t i v i t y .  3. To meas u r e  t he  f r e q u e n c y  of each  a c t i v i t y  
type .  Idea l ly ,  a m e t h o d  fulf i l l ing these  ob jec t ives  shou ld  
be  app l icab le  to  b o t h  single o rgan i sms  and  p o p u l a t i o n  
s tudies .  A l t h o u g h  t he  d i rec t  o b s e r v a t i o n  m e t h o d  h a s  
b e e n  emp loyed  for a c t i v i t y  m e a s u r e m e n t s ,  i t  is v e r y  t i m e  
consuming ,  u n o b j e c t i v e  a n d  su i t ab l e  m a i n l y  for single 
a n i m a l  s tudies .  O t h e r  more  soph i s t i ca t ed  m e t h o d s  h a v e  
o v e r c o m e  t h e  h u m a n  er ror  f ac to r  a n d  can  record  e i t he r  
c u m u l a t i v e  or  ongoing  ac t iv i t i e s  au toma t i ca l l y .  How-  
ever ,  t h e y  usua l ly  do n o t  d i s c r i m i na t e  be t w een  d i f fe ren t  
t y p e s  of ac t iv i ty .  W e  the re fo re  a t t e m p t e d  to deve lop  a n  
a c t i v i t y  ana lys i s  s y s t e m  wh ich  m a y  h a v e  t he  capac i t y  to  
fulfill  t h e  ob jec t ives  descr ibed  above .  The  s y s t e m  descr ibed  
here  was t e s t ed  on  3 Drosoph i l a  b e h a v i o r a l  m u t a n t s .  
However ,  i t  m a y  easi ly  be  a d a p t e d  to s tudies  of m o t i o n  of 
va r i ous  o t h e r  o rgan i sm as well. 

II I light 
"=m"~"~[i i i l DC source 

i 
Fig. 1. Schematic representation of the experimental set-up, A DC 
powered light source is directed by a 45 ~ mirror through an opaque 
and transparent checkerboard grid on a CdS photocell (PHT CELL). 
The dot on the checkerboard represents a fly over a transparent 
square decreasing the amount of light passing through. The photo- 
cell output is amplified and fed in parallel to a minicomputer (PDP- 
11/45) and a discriminator DCR. The discriminator can be switched 
off by the pulse counter on the right, z-axis, x-trig and reset are in- 
puts to a 5013N Tektronix oscilloscope. 

Materials and methods. One or more  flies are  p laced  in a 
sha l low (2.5 m m  high,  30 m m  d iamete r )  pe t r i  dish,  
l im i t t i ng  m o v e m e n t  to  2 d imens ions  only,  The  exper i -  
m e n t a l  s y s t e m  w i t h  t he  record ing  c h a m b e r  are s h o w n  
schema t i ca l l y  in f igure  1. A l igh t  b e a m  f rom a low r ipple  
DC powered  source is t r a n s m i t t e d  t h r o u g h  t he  pe t r i  d i sh  
a n d  t he  image  of t h e  fly (flies) is focused on  a c a d m i u m  
sulfide photocel l .  (The op t ica l  s y s t e m  is a t r i n o c u l a r  
Wi ld  M7 zoom s tereoscope enab l ing  s i m u l t a n e o u s  p h o t o -  
m e t r y  a n d  v i sua l  obse rva t ion . )  A b lack  a n d  t r a n s p a r e n t  
c h e c k e r b o a r d  grid is i n t e rposed  b e t w e e n  t he  l igh t  source 
a n d  t he  pho toce l l  e i t he r  j u s t  below the  p e t r i  d ish  or in  
j u x t a p o s i t i o n  to  t h e  photocel l .  The  size of t he  squares  in  
t he  grid m u s t  be  a d j u s t e r e d  accordingly .  W h e n  t he  image  
of a fly covers  a t r a n s p a r e n t  square  of t he  gr id  less l igh t  is 
t r a n s m i t t e d .  T h u s  t h e  t o t a l  a m o u n t  of l i gh t  r each ing  t he  
pho toce l l  a t  a n y  g iven  p o i n t  in t i m e  is a f unc t i on  of a) 
n u m b e r  of flies ac t ive  a t  a n y  p o i n t  in t i m e  in t he  sample  
(in t he  field of view) ; b) n u m b e r  of flies or  t he  f r ac t ion  
of t h e i r  c ross-sec t ional  area,  cover ing  t he  t r a n s p a r e n t  
(or opaque)  region of t he  photoce l l ;  c) r e l a t ive  size of 
squares  to  cross-sec t ional  a rea  of fly (a ra t io  of approx i -  
m a t e l y  1 was found  to be  opt imal ) .  
A n y  m o v e m e n t  in or  ou t  of t he  t r a n s p a r e n t  photoce l l -  
grid region affects  t h e  a m o u n t  of l igh t  h i t t i n g  t he  p h o t o -  
cell. T h u s  t he  vo l t age  o u t p u t  (or r es i s t ance  change)  of t h e  
photoce l l  r ep resen t s  t he  f ly ' s  ac t iv i ty ,  i.e. l ocomot ion  a n d  
o the r  m o v e m e n t s  of i ts  appendages .  Th i s  vo l t age  is ampl i -  
fied (Tek t ron ix  26A2 ampli f ier) ,  s to red  on  m a g n e t i c  t a p e  
and  in para l le l  fed in to  a w i n d o w  d i s c r i m i n a t o r  (Fraede-  
r ick  H a e r  & Co.). A s t a n d a r d  5V 1 msec square  pulse  is 
o b t a i n e d  for each  p e a k  of t h e  vo l tage  inpu t .  These  pulses  
are fed i n t o  a T e k t r o n i x  5013N scope as a) z-axis  in tens i -  
f icat ion,  b) x-axis  t r igger  pulse,  c) sweep t e r m i n a t i o n  a n d  
fly back .  (The l a t t e r  is ach ieved  b y  feeding t he  5 V pulse  
e x t e r n a l l y  to  t he  rese t  swi t ch  of a 5B12N dua l  t i m e  base.)  
T h u s  a ' s ign i f i can t  e v e n t '  regis tered  as a pulse genera tes  
a do t  (n) on  t he  osciloscope screen and  t r iggers  t he  sweep ; 
t he  (n + 1) e v e n t  is aga in  reg is te red  as a d o t  a f t e r  a 
ce r t a in  i n t e r v a l  a n d  t e r m i n a t e s  t he  sweep f ly b a c k  t r igger :  
The  (n + 2) e v e n t  r e s t a r t s  t he  cycle. The  y-def lec t ion  
p la t e s  are suppl ied  w i t h  an  e x t e r n a l  slow vo l t age  r amp .  
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T h e  c u m u l a t i v e  do t  d i sp lays  were p h o t o g r a p h e d  e i the r  
f rom a s torage  oscil loscope or w i t h  long exposure  t imes  
d i r ec t l y  f rom t h e  oscil loscope screen. The  x-axis  re- 
p re sen t s  t he  i n t e r v a l  b e t w e e n  s ign i f i can t  events ,  whi le  
t h e  abso lu te  t i m e  s p a n  of r ecord ing  is r ep resen ted  on t h e  
y-axis .  T h u s  t he  h ighe r  t he  f r e q u e n c y  of s ign i f ican t  events ,  
t h e  closer t he  c lus te r  of do t s  g e n e r a t e d  will  a p p e a r  to  t h e  
y-axis .  D i sp lay  of a p r e s e n t  n u m b e r  of even t s  was  
o b t a i n e d  b y  swi t ch ing  off t h e  d i s c r i m i n a t o r  b y  a n  o u t p u t  
pulse f rom a n  e lec t ronic  pulse  counter .  I n f o r m a t i o n  
s to red  on  m a g n e t i c  t a p e  was fed in to  a P D P - 1 1 / 4 5  mini -  
c o m p u t e r  for spec t r a l  analys is .  The  d a t a  were p l o t t e d  
3 -d imens iona l ly  to  show t h e  c h a n g e  in power  s p e c t r u m  
w i t h  t ime.  
Results and discussion. To t e s t  t h e  sys tem,  m o t o r  a c t i v i t y  
of wild t y p e  and  3 single gene Drosoph i l a  m u t a n t s  was  
ana lyzed .  Flies were  con t ro l l ed  for sex, age and  env i ron -  
m e n t a l  t e m p e r a t u r e .  T he  s t r a i n s  t e s t ed  are  i nac t ive  (lay) z, 
wild  t y p e  - K i r y a t  A n a v i m  (QA), H y p e r k i n e t i c  H k  1 2 
a n d  a new a u t o s o m a l  d o m i n a n t  gene shake r  (As). 
T h e  a c t i v i t y  p a t t e r n s  of t h e  4 s t r a i n s  can  be  s een  in t h e  
d o t  d i sp lays  of f igure 2. Clus ters  of do ts  a long t he  y-axis  
dep ic t  a c t i v i t y  composed  of s ign i f ican t  even t s  occur r ing  a t  
r a t e s  h ighe r  t h a n  5 Hz.  A genera l  impress ion  of  t he  
p a t t e r n s  g e n e r a t e d  over  a 60-sec-period is suff ic ient  to  
classify t he  records  in  a n  inc reas ing  order  of a c t i v i t y  
( iav-Hkl-As) ,  w h i c h  is in acco rdance  w i t h  c lass i f ica t ion 

b a s e d  on  v i sua l  obse rva t ion .  The  n u m b e r  of s ign i f ican t  
e v e n t s  g e n e r a t e d  b y  t h e  4 s t r a in s  occur r ing  in 5 d i f fe ren t  
f r equency  b a n d  w i d t h s  is shown  in t he  h i s t o g r a m s  of 
f igure  2. I n  c o m p a r i n g  t he  a c t i v i t y  h i s t o g r a m s  of t he  4 
s t r a in s  in  all  cases t he  h ighes t  n u m b e r  of e v e n t s  occurs  
in  t he  1-5 Hz  b a n d ,  while  on ly  iav  shows a c t i v i t y  a t  
f requencies  be low 0.1 Hz.  The  m o s t  consp icuous  dif- 
ferences b e t w e e n  t he  3 m u t a n t s  are  e v i d e n t  in  t h e  0.5-1 
Hz  r a n g e ;  however ,  t he  en t i r e  spec t ra l  d i s t r i b u t i o n  is 
more  r e p r e s e n t a t i v e  of each  m u t a n t ' s  ac t iv i ty .  
A ch i - square  t e s t  shows s ign i f ican t  d i f ferences  be tween  
QA a n d  b o t h  As a n d  H k  1 flies in t he  4 a r b i t r a r i l y  chosen  
b a n d  w i d t h s  f rom 5 to  0.2 Hz w i t h  levels of s ignif icance 
p = 0.001, whereas  t he  lay a c t i v i t y  recorded  i s  no t  
s ign i f i can t ly  d i f fe ren t  f rom t h a t  of QA. Visua l  observa-  
t i o n  of iav  cu l tu res  shows t h a t  these  f l i e s ,  a l t h o u g h  
genera l ly  inac t ive ,  are  c apab l e  of s eeming ly  n o r m a l  m o t o r  
ac t s  once  t h e y  a re  s t i m u l a t e d  s t r o n g l y  enough .  The  
record  in f igure  3D is a n  example  of a 60-sec-bout  of  
a c t i v i t y  in a n o r m a l l y  inac t ive  iav  fly. A more  in t ens ive  
ana lys i s  of specific a c t i v i t y  m a y  show dif ferences  be tween  
t h e  iav  a n d  wild t y p e  s t ra ins .  
Compar i son  of specific ac t iv i t i es  was  a t t e m p t e d  in one 
m u t a n t  a n d  be tween  m u t a n t s .  The  onse t  of  t he  do t  
d i sp lay  was t r iggered  m a n u a l l y  w h e n  t he  fly was e i the r  
wa lk ing  (figures 3A and  3B) or p r een ing  (figure 3C), 
as d e t e r m i n e d  b y  v i sua l  obse rva t ion .  L o c o m o t i o n  a n d  

45 
s e c  

30' 

15' 

45" 
sec 

30" 

15" 

r~ 

>= 
o 

E 
r 

r 

0 

45 

4O 

35 

30 

25 

20 

15 

!o 

5 

0 

i 

r 

}.:=. .  :.. : 

"=j  = | 

5 1 0 . 5  
I 

0.2 
I 

0.1 Hz 

~ .  ' 

' '  ' , I  I 

5 I 0.5 0.2 
I 

0.1 Hz 

A s  

5 2 105020.1Hz 

45 . '  
s e c  r 

i : . .  

30 "~.' 

0 i 510.5 
! I 

0.2 0.1 Hz 

se4c 5 .'.. 

30~i ' 
15 " 

0 5 1 0.5 0.2 0.1 Hz 

Hk 1P 

5 2 0,50.20.1 Hz 

lay 

050.20.1 Hz 5 2  

wild type 

k 
50.20.1 HZ 

Fig. 2. General activity dot display 
and histograms of number of signi- 
ficant events occurring at various 
frequency band widths of 4 Dro- 
sophila strains. A iav, B Hk 1, C 
QA, D As. Note the longer inter- 
val activity in A and C as com- 
pared to B and D. 
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preening of a 2-day-old female Hk 1 fly are shown in 
figures 3A and 3C. Walking is characterized by longer 
interval events, namely in the 5-10 Hz band width, 
while preening shows higher frequency characteristics 
10 Hz. (Note different frequency scales in figures 2 and 3). 
When preening of an lay fly (figure 3B) is compared with 
the Hk 1 activity, an intermediate frequency scatter is 
obtained between Hk 1 walking and cleaning. The general 
lay cleaning pat tern resembles more Hk 1 walking then 
preening. I t  is therefore necessary to calibrate the system's 
output  to each type of act ivi ty in specific mutants before 
making comparisons. 
A third approach used in processing the output  of the 
photocell-grid system was continuous spectral analysis. 
For this analysis, the analog voltage of the photocell 
was amplified and fed directly into a PDP-11/45 mini- 
computer. A low pass filter was interposed for display of 

low frequency activity. The data  was sampled, digitized 
and a continuous power spectrum was computed. Figure 
3 is an example of a 3-dimensional display of a continuous 
spectral analysis. The 3 axes in the display are frequency, 
time and amplitude. Whereas in the previous displays 
(figures 2 and 3) the amplitude of each movement  was 
not incorporated due to the standardized discriminator 
output, here in the power spectral analysis it is evident 
tha t  stow, frequency events have a higher amplitude than 
higher frequency activity. 
An 8-nlin-span of act ivi ty of a 2-day-old female wild type 
fly is given in figure 3. Recording was started immediately 
upon the introduction of the fly into the recording cham- 
ber and continuous activity can be seen occurring for 
the first 400 sec with a gradual decrease. The decrease in 
act ivi ty is evident first in the 1-4 Hz band width with 
the concomitant decline in amplitude of these movements. 
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Following this, the act ivi ty  diminishes progressively 
both in frequency and amplitude until very low amplitude 
movements only can be seen from 400 to 464 sec. 
Qualitatively, all the results presented here can be 
obtained by visual observation. Thus preening movement  
appears 'faster'  than walking and Hk t flies seem 'more 
active '  than an iav fly. Thus the validity of the method 
is more in quantification and objective comparison of 
various types of activities. Once the system is calibrated 
for specific activities, these can be characterized by 
spectral analysis. I t  should then be possible to detect 
specific activities from continuous spectral display 
recordings, thus comparisons of the duration of each type 
of activity, or how much time a certain mutant  spends on 
preening, walking, etc., can be made. Further  experi- 

mentation along these lines is in progress. Silent periods 
between bursts of act ivi ty may be used as well to charac- 
terize behaviour of different mutants.  This is evident in 
the more even scatter of black patches on the y-axis in 
figure 2C representing more or less equally interspersed 
rest and act ivi ty periods in the wild type flies, as com- 
pared with longer spans of act ivi ty  in figure 2A, represent- 
ing the long bursts of tumbling as observed visually ex- 
hibited by the As mutant.  
We are also using the same grid-photocell-spectral 
analysis method to characterize sperm motility. Thus 
the method may have general applicability to motion 
analysis if a suitable optical system (macro, micro or 
telescopic) is used. 

CONGRESSUS 

DDR - Czechoslovakia 

Federation of European Biochemical  Societies,  
12th FEBS-Meet ing  

in Dresden (DDR), 2-8 July 1978 

A post-congress FEBS-symposium on 'Antimetabolites in 
Biochemistry, Biology and Medicine' will be held in Prague 
(CSSR), 10-12 July 1978 

Preliminary registration form (mailed together with the 
preliminary registration form for FEBS-Meeting, before 
1 September 1977) to the following address: FEBS-  
Meeting, P.O. Box 313, DDR-806 Dresden. 

Italy 

EUCHEM Conference. Phase-transfer catalysis 
and related topics 

in Gargnano (Lake Garda), 5-10 June 1978 

Plenary lectures will include: A. BrAndstr6m, Sweden; 
J. A. Fendler, USA;  H. H. Freedman, USA; G. N. Gokel, 
USA;  J. M. Lehn, France; M. Makosza, Poland; F. 
Montanari, I ta ly;  J. P. Sauvage, France; C. M. Starks, 
USA;  R. Ugo, Italy. 
Enquiries to Prof. Mauro Cinquini, Ist i tuto de Chimica 
Industriale, Universitk di Milano, via C. Golgi 19,  
1-20133 Milano, Italy. 

Protons and ions involved in fast dynamic 
phenomena 

30th international meeting o] the Socidtd de Chimie physique, 
Paris, 28 November-2 December 1977 

Contributions and requests for information should be 
addressed to the general secretary of this 30th meeting: 
Dr. C. Troyanowsky, 10, rue Vauquelin, F-75231 Paris 
C~dex 05 (France). 

CONSTRUCTIONES 

European Pineal Study Group 

An association of European scientists working on, or in- 
terested in, the vertebrate pineal organ has been formed. 
The aims of the European Pineal Study Group are to 
promote the development of pineal research in Europe, 
and to facilitate the contacts between the different 
European teams. I t  will do so especially by organizing 
small colloquia on pineal research. 
Application forms and further information can be ob- 
tained from: Dr P. Pevet, Secretary of the E.P .S .G. ,  
The Netherlands Insti tute for Brain Research, Ijdijk 28, 
Amsterdam-O,  The Netherlands. 


