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QUANTITATIVE CHANGES I N  T H E  SUB- 

STRATE-DEHYDROGENASE SYSTEM 


O F  DROSOPHILA PUPAE DUR- 

ING METAMORPHOSIS 


TTIE rate of oxygen consumption in tlle pupae of 
holon~etabolous insects during n~etamorphosis can be 
expressed by a LT-shaped curve. I t  is first high, then 
drops rapidly, while in the second half of ~uetamor-
phosis it  gradually increases again, so that before 
hatching of the imago, the rate often reaches or wen 
surpasses the initial ralue. This was also shown to be 
t171e for  D~.osopiiila 3*4 , 6  TTario~xstheories 
have been put fol-~vard to account fo r  this phenome- 
11on."~ I n  1938 I suggested that the fact may be due 
to quantitative charlges in  tlie amount or activity of 
the oxygen-transferring enzyme systel~l (lITarburg- 
ICeilin system, Le., "Btmungsferment" and cyto-
chromes). This possibility was inferred from the 
effect of carbon illonoxide on the oxygen consumption 
of Drosopizilct pupae in clifferent stages.% Recently 
Schx-an,@ although cr.iticizing my considerations, 
reaches the same conclusion. (His criticism, which 
seems to be insufficiently founded, should be dealt with 
elsewhere.) 

The question still remained, if siniultaneously with 
the changes ia  the oxygen-transferring system, other 
catalysts of the oxidation mechanism, especially the 
substrate-del~gdi.ogeilase system (Wieland, Tliun-
berg) lo will show sinlilar quantitative alterations. I n  
order to clear u p  this point, experiments mere undcr- 

vaeuurn tube. The pupae were crushed in the methyl- 
ene blue, then the tubes evacuated and put in  a water 
bath, which was kept a t  a constant te~nperature of 
20 i:0.1' C. The time was noted a t  which complete 
decoloration of the methylcnc. blue set in. 

The results revealed grrat  differences as regards 
amount or a c t i ~ i t y  of the dehydrogenase system in the 
four stages. JVith stage I pupae the areyage time 
required for  coinplete decoioration was 28.0 minutes 
(22.G standard error, 7 experiments). I n  stage I1 
the average was 67.4 min. (z7.2, 9 experiments), in  
stage I11 66.1 min. (56.3, 7 experiments) aiid finally 
in q1ag.e I V  25.6 rnin. (i2.4, 8 experiments). As 
these figure? show, the differences between stage I and 
11, i.e., 39.4 min. (57.7 standard error) and between 
stages I11and IT (40.5 f6.7), are statistically signifi- 
cant. I t  is interesting to note that i n  stages I T  and 
TI1 the clecoloration time is more than twice the time 
observed in stages I and IT. The data fo r  oxygen 
consmiiption are, accol~dlnp to IT-olsky.".66 cltlnt per  
hou~.  per 1 111g d ~ y  weight in stage I, 2.23 elnm it1 

stage 11, 2.32 cmnl ill stage 111and 5.05 crnm in stage 
IT. T11e.e data, when cotnpnred wit11 the resnlta of 
the decoloration experiments, show a striking simi- 
larity as regards the magnitride of dift'erences. Thus 
the pi~aphic representatio~l of the reqnlts of the i3e- 
coloration experiments gives a G-shaped curve, wl~lcli 
is very cilailar to that obtained for  oxggen eonsump- 

taken with four different stages of Drosopiiila mela~~o-
~ c a s t ~ rpupae, nsing the Tliunberg niethylene blue tesh- 
aique.1° The age of the pupae 117as .5 to 10 hours 
(stage I ) ,  25 to  30 hours (stage 11), 50 to 60 hours 
(stage 1x1) and 75 to 85 hours (stage IT), respec-

tively, hen reared a t  constant '25' C. temperature. 
( A t  this temperature the dnration of the whole meta- 
morphosis is 90 to 100 hours.) The 3tages were sc- 
lected according to T1701sky." 

Preliminaly experiments shon~ecl that the best results 
a r e  obtained v i t h  0.02 per cent. rneth)lene blue s o h -  
tion (I per cent. trunli solntion, diluted with physio- 
logical saline, pH 6.5). From this 0.2 cc~li was 
brought together with ten pupae in n Thunherg 
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tion during lnetanlorphosis (see Fig. 1 ) .  

FIG.1. Graph shoving changes in oxygen consumption 
(squarcu. eonnect~d nith brolren h e )  and in subqtrate de- 
llydrogensse activity (circles, connected with fudl line) 
during metamorpliosis. Abscissa: pupal age in hours. 
Ordinate (left) : oxygen consluuption in ctnm per hour, 
per 1rng dry weight. Ordinate (right) : tline in minutes, 
necessary to deeolorize 0.2 ccm 0.02 per ecnt. inethylene 
blue, contailling 10 pupae. 

The results can not be due to exhaustion of hydrogen- 
donator substanecs in  the pupae in staecs I1 and 111. 
The addition of potassium soccinate (0.4 per  cent.), 
as extita donator, to the reactiotl mixtnre does not altrr 
the y c ~ ~ l t j ,  differences between the four stages and tlit. 



remain unchanged. This means that the dehydrogenase 
system is saturated with substrate during the whole 
period of metamorphosis. From the experiments re- 
ported here, i t  is clear that the substrate dehydrogenase 
sy.item of Drosoplzila pupae undergoes quantitative 
changes during metamorphosis, which run parallel 
with tho-e observed earlier in  the oxygen-transferring 
system and which are manifested in the oxygen con-
sumption of the pupae in different stages. 
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OZONIZATION O F  0-XYLENE AND 1,2,4-

TRIMETHYLBENZENE1 


LICX~INEand Cole2 founil that o-xylene on ozonization 
affords prodncts evidently arising from both of the two 
possil~le ICt7kule' forrns of the hydrocarbon, but they 
preiented no data concerning the yields of the three 
subitances wl~ich they iiolated. A reinvestigation of 
this reaction in our laboratory fro111 the analytical 
point of view has been completed and will be described 
in detail m a papm which i.5 being prepared for  pub- 
lication in the h'ecueil dcs Tj-avauz Ckimiqzrc.~ des 
Pays-Bas. As noted in n preliminary report of some 
of the e ~ p n i m e n t s , ~  our method of following the course 
of thc reaction consists in converting the products of 
oeonization into the oxlmes and determining the corn- 
position of the oxime mixture by a special analytical 
method. 

I f  each of the two I<c,kuli! forms contributes 50 per 
cent. to the structure of o-xylene, tliere should be 
formed 1mole of di~neth~lglyoxal,  2 xnoles of methyl- 
glyoxal and 3 moles of glgoxal f ~ o m  2 moles of 
o-sylene. TTe have transformed these decomposition 

products into the corresponding oximes and obtained 
the total oximc mixture in yields of from 20 to 26 per 
cent. of the tlieoreticd arnount calculated on o-xylene. 
The abore theoretical ratio of the free carbonyl com-
pounds would correspond to a n  oxime mixture of the 
foIlowing composition : dimethylglyoximc, 20 pel- cent.; 
methylglyoxime, 33 per cent.; glyoxime, 44 per cent. 
As a mean of six oeonization experiments, we found 
the ratio: dimethylglyoxime, 20.7 per cent.: methyl-
glyoxal, 34.2 per cent.; glyoxime, 44 per cent. The 
accordance with the theoretical values seems bctter 
than it  actually is, because the separate experiments 
<how deviations of from 3 to 7 per cent. Ill .0~1the 
th~oretlcal values. Considering the experimental diffi- 
cultics, the accordance between experiment and theory 
is satisfying. 

We have alio investigated the ozonieation of 1,?,4- 
trimethylbenzene. I n  this cn-e, if the two r(>sonating 
Rckul6 forms each contribute 50 per cent. to the struc- 
ture of the hydrocarbon, 2 moles of 1,2,4-trimethyl-
beneenc should provide 1mole of dirncthylglyoxal, 4 
moles of methylglyoxal ;xnd I mole of glyoxal, and the 
composition of the mixture of oximes should be:  di- 
methylglyoxime, 18.9 per cent.; methylglyoxime, 66.7 
per cent.; glyoximr, 14.4 per cent. As a mean of two 
ozonization experiments, we found the follo\ving per- 
centagcs: dimethylglyoximc, 17.9 per cent.; methyl-
glyoxime, 66.2 per cent.; glyoxime, 14.2 per cent. The 
accordance with the theoretical ratio is very good. I n  
this case the quantity of oximes recovered amounted 
to 16 per cent. of the theoretical yield. 
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SCIENTIFIC APPARATUS AND LABORATORY METHODS 

PRESERVATION O F  BIOLOGICAL SPECI- 


MENS W I T H  ISOBUTYL METHA- 

CRYLATE POLYMER 


DURINGthe last few years several articles have been 
published describing various methods of preserving 
biological nmterial by the neth ha cry late resins. Dr. 
J. 13.Hibbenl described a ~nethocl of allowing thc plas- 

1 This eomn~uiiication is constructed from data sent t o  
nne by Professor J. P. Wibaut 111 a letter of February 24, 
,941, \\,ith tile requestthat I for  its publication 
in SCIENCE.P r o f e ~ ~ o rTViba~lt states, "I I V O U ~ ~allpro-
eiate yery much if our +esolts could be made available 
to dnlerican scientists in tliis way, as  i t  may talro some 
timcx before our complete paper 7~111 be published and oven 
then it may not be available to the elicmists i n  your coun- 
try."-L. F. Bicser, LIarvard University. 
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tic to rtolymerize around the obiect to be ureserved. 
A " 

Dr. H. G. Knight2 called attention to the expense and 
diffic~ulties of this method and Professor E. C. Cole3 
mentioned the possibility of imbedding objects in  a 
solution of methyl methacrylale yolynler dissolved in 
chlol-oform, but stated that he did not get satisfactory 
results. 

ago attelnpting lo the 

color patterns of Clzorthipp?is lo~zgiror~zisfor  gcnetic 
studies, the writer tried dipping the grasshoppers i n  
a of isobutyl nle,hacrylale polymer dissolved 
in toluene. The grasshoppers mere first injected with 
various preservatives, pinned and then dipped in a 

~olutioll  containing 10 gm of the polymer to 100 cc 
of toluene, and allowed to dry. By repeated dippings 

2 11. G. Knight, SI-IEKCE,86: 333-334. 1937. 
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