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high level of triterpene, tetrahymanol and 2-amino-ethyl- 
phosphonolipid is less fluid than pellicle and microsome 
membranes. Microsomes are most fluid and have the 
lowest content of these 2 lipids, together with the highest 
degree of unsaturation in fatty acyl chains. 
Alterations in the microviscosities of pellicle and micro- 
some membranes isolated from supplemented-cells with 
ergosterol or chimyl alcohol are clearly depicted in figure 2. 
Ergosterol-replaced pellicle and microsome membranes 
become more rigid, whereas chimyl alcohol-fed mem- 
branes are more fluid, when compared with the control 
native membranes. It is of interest to note that, in pellicles, 
rigid-making effect of ergosterol-supplementation and flui- 
dizing effect of chimyl alcohol-feeding are pronounced 
above and below about at 22-25 ~ respectively. Micro- 
some membranes from ergosterol-replaced cells are mark- 
edly less fluid above 22 ~ However, at the present time we 
have no exact explanation for such phenomena on the basis 
of the lipid composition alterations of the manipulated 
membranes. Similar trends were also observed with disper- 
sions of lipids extracted from the manipulated pellicles and 
microsomes (data not shown). 
The in vivo manipulated Tetrahymena membranes with 
altered fluidities would provide a potential clue towards 
understanding relationships between fluidities and func- 
tions of biological membranes. For example, in our recent 
work on adenylate cyclase in the pellicle membrane, we 
have obtained data indicating effects of ergosterol-replace- 
ment upon the transition of the activation energy of the 
enzyme, and the detailed results will be reported elsewhere. 
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Spirally arranged muscles associated with tracheoles in tsetse fly flight muscles;  their possible involvement in 
sound production 
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land), 17 October 1977 

Summary. A set of muscle fibres have been found associated with certain tracheoles in the flight muscles of the tsetse fly. It 
is proposed that those muscles may be involved in sound production in the fly. 

The production of sounds in insects can be divided into 
2 main categories: 1. sounds produced by frictional 
methods and 2. sounds produced by movement of air 2. If, 
as is suggested, within the 2nd category the sounds are 
produced by air being pulsed out of the spiracles, a 
mechanism for controlling the air flow would be necessary. 
Control of spiracular opening is well documented 3 and this 
operation plays an important part in sound production, 
however, I propose in addition to the spiracular control that 
muscle fibres which I have discovered in close association 
with tracheoles in the indirect flight muscles in the tsetse fly 
could perform some additional function in sound produc- 
tion. 
Ultrathin sections were cut of the indirect flight muscles 
from the tsetse fly thorax. Fixation, embedding, sectioning 
and staining for electron microscopical investigation were 
all carried out according to conventional methods 4. 
In the indirect flight muscles of the tsetse fly tracheation is 
similar to that described in other flight muscles 5, with the 
tracheoles situated within deep clefts created by invagina- 
tions of the sarcolemma. Within these intuckings in certain 
of the indirect flight muscles an elaborate muscular ar- 

rangement has been found closely associated with the 
tracheoles (figures 1-3). I shall refer to these muscles as 
tracheal muscles to distinguish them from the flight mus- 
cles. 
The tracheal muscles clearly arise as extensions of the flight 
muscle myofibrils (figure 1), and are arranged spirally 
around the tracheoles (figure 2). The spiral arrangement 
can be clearly appreciated by the transverse, longitudinal 
and oblique profiles which are observed in these muscle 
fibres when either longitudinal or Iransverse sections of the 
muscle are examined. Surrounding these tracheal muscles 
are areas of extracellular space (figure 1), and the mem- 
branes of the spiralling muscles make tight junctions with 
the membrane of the flight muscle fibres (figures 1 and 2). 
I propose the following model as to how these tracheal 
muscles may function. The fibres are spirally arranged 
around the tracheoles, therefore when the muscle fibres 
contract they will constrict the tracheoles and when the 
muscles relax the tracheoles will regain their original 
dimensions. The extracellular space surrounding the tra- 
cheal muscles will allow for any size changes which might 
take place in the diameter of the tracheoles during such 



588 Specialia Experientia 34/5 

Fig. 1, An electron micrograph of  a longitudinal section through a flight muscle of a tsetse fly. Note the tracheal muscles (tin) arising from 
the myofibrils (f) of the flight muscle and spiralling around the tracheoles (tr). These tracheal muscles make occasional tight junctions (t) 
with the flight muscte membrane and are surrounded by extensive extracellular space (es). Scale bar I gm. 

Fig. 2. An electron micrograph of  
a transverse section through a 
flight muscle (f) o f  a tsetse fly. 
Within the tracheal muscle (tin) 
longitudinal, oNique and trans- 
verse sections through the con- 
traclile material are apparent in- 
dicating the spiralling of  this 
muscle around the tracheole (tr). 
Tight junctions (t) between the 
membranes of  the tracheal mus- 
cle and the flight muscles are 
present. Scale bar 1 I-tm. 
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Fig.3. A diagram to show the 
arrangement of the tracheal mus- 
cles (tm) which arise as exten- 
sions of the flight muscle myofi- 
brils (f) and spiral around the 
tracheoles (tr). Large mitochon- 
dria (m) are present between the 
myofibrils. Dimensions are exag- 
gerated slightly for clarity. 

movements.  When  the tracheal muscles contract they will 
bring about movements  of  air within the tracheoles, and I 
propose that 1 possible result of  this air movement  would 
be the production of  sound at the spiracles. 
Much debate surrounds the production of  sound by tsetse 
flies, however, it seems generally accepted that the flies are 
capable of  producing sounds of  2 types. The 1st type of  
sound is a chirping and /o r  whining 6 which is audible to 
man and the 2nd type of  sound is a complex pattern in the 
ultrasonic frequencies 7. The methods by which these 
sounds are produced are far from clear. Some evidence is 
available to show that the low frequency sounds are pro- 
duced by distortion of  the thorax, in tsetse these sounds 
continue to be produced even when the wings and halteres 
are removed and the spiracles are blocked with vaseline 6. In 
other dipterans there is evidence that some of  the sound is 
caused by air being pulsed out of  the spiracles and causing 
some membranous  foldings to vibrate at high frequen-  
cies 8-1~ It is my bel ief  that some of the ultrasonic com- 
ponent in the tsetse fly sound could be produced in a 

similar fashion, with some structure in the region of  the 
spiracular openings capable of  vibrating at an extremely 
high frequency and thus produce high frequency sounds. 
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Effects of~we~k ~elec t romagnet ic  f ie lds  on  ~'hysarurn pplycephalum:IMitotic de l ay  i~  h e t e r o k a r y o n s  and decreased 
r e spwa t lon  
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Summary. Continuous exposure o f  Physarum polycephalum to a 75 Hz, 2.0 G, and 0.7 V / m  electromagnetic field results in 
a depressed respiration rate and a lengthening of  the mitotic cell cycle. I f  unexposed Physarum are mixed with exposed 
Physarum the onset of  synchronous mitosis in the mixed culture is delayed, occurring at a t ime between those of  the 2 
parent cultures. 

In recent years there has been a hightened interest in the 
effects o f  weak, extremely low frequency electromagnetic 

.36 fields (EMF)  2 on biological systems - .  Observed biological 
effects range from the microscopic level, such as the 
modificat ion o f  Ca + § efflux from brain tissue 7, to macro- 
scopic observations that weak low frequency E M F  can 

affect migrating birds 8'9. We have previously shown that 
continuous exposure of  the acellular slime mold Physarum 
polycephalum to E M F  (45, 60, 75 Hz at 2.0 G and 0.7 V / m )  
results in a 10-15% lengthening of  the mitotic cell cycle and 

10 11 retardation of  reversible protoplasmic streaming , . When  
plasmodia are removed from the fields, both the cell cycle 


