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THE SOUSCE OF OXYGEN FOR CHIRONO.US LARVAE LIVING UNDER A::AEROBIC CONDITIONS
AT THE PROFUXDAL BOTTON OF DOUGLAS LAKE

STATELENT OF THE PROBLEN

{
genless regggn:azza;osflggliszomusdBppﬁ are.f?und ok eses foognated oxy= E
fecultative anaerobes Eincc the e OF oo eljlla? takse. Th?se anlma}a are |

¢ they are 8lso found in water which contains an ade- |

quate supply of oxygen. |

_ The respiretion of @hironoaus has been studied by meny workers. (4arnish, i

?eltsch, Fox, Pause, end otners) Leitch has snown definitly thet it is imposs=- 5

ible for enough oxygen to be stored in the hexzoglobin of the larvae to last more l
then a few hours. Pause hes deamonstrated thet Chironoaus larvae cen live up to

?4 hours in an etunospherezof pure Nitrogen. Other work hes shown t.et longer per-
iods of survivel are possible. Cole has stated thet a possible source of oxygen
ig & feramentation of the plant detritus of the bottoa deposits. His test, that
of gueicum with & peroxide is not a specific for oxygen. In this case it probab-
ly dexaonstrsted the presence of & plant peroxidase.

, Hernish hes shown that eniuels kept in an ataoephere of itrogen for
e nuuaber of hours loose glycogen and gain fat. He states that the transfor:ation
is sufiicient to supply the necessary oxygen for the aniuals' respiration. Other
workers, workinz on otner enasrobes heve also shown this situetion experimentally
Von Keanitiz has worked on Gestrophilus equi, Weinleand on several endoperesites
such 85 Asceris end Teenia, end von Brand nhes dexonstrzted this trensforustion
in severel Annelidea. At & later dete & compreheasive and critical review of these
pepers will be prepered, but ti:e does not permit its inclusion in this report.

It will suffice tc say that seny workers have demonstreted the glycogen- fat
convergion in & veriety of enserobic aniuels.

Von Ke.nitz writes the equetion for the transforaetion in this wan-
ner: Glycogen -» Fet 4 CO.- H,O. It is probable thet the soquetion should be in t
two steps: 1l.) Glycozen - Fat + Oy
Z.) Fet + 0, -2 CO + H.0.
Obviously a0 ettewpt tc oslsace these equations would be justified at present.
A hypotneticel eguetion sey be written to show the celorific chenges involved.
%slucose -+ 1 steeric acid + 8 Ou»
Louiv., wts. 540g. 234 g. 256 ge
Celorise 2160 2556
Since the stesric ecid hes & higher celorific content that does the glucose, en-
ergy is required to effect the trensforuation. This point seeme to heve been over-
looked Dy otners who heve studied the transformtion. The diffsrence in Celorie
content is 396 Cal. The oxidation of 99 greas of glucose would furnish t~is
energy. This oxiastion would require 105.6 grems of oxygen. If this oxygen is
supplied by the trensformetion, 150.4 greas will remain. This is enough oxygen
to oxidize 141 greas of glucose, furnis:ing 564 Caelories. [ne utilization of
so.e glucvse would eccount for scme of the carbon dioxide collected by von Keunik

end others. ‘
Hernish hes shown thet durinz the experi.entel enaerobiosis of Chir-

ononus thunmi lervae glycogen was used up end fet wes produced, both at & greeter
_rete tnen in serobic eniuzels. Haraish's enserobiosis was experiumental, end was

of snort durestion, end hie eniusls were starving.
Tais problean will be en atteapt to discover whether or not the glyco-

gen- fet trensfor stion cen ssrve es & source for oxygen for feeding animels in

nstural loag-term enserobiosis.




Stateuent of the problem-p.2

This report includes & plan of attack on the problem end chemical methods for the
determination of glycogen and fat. These methods have been modified slightly from -
the original and have been written up with the amodificetions worked in to the
description. Both of the methods have been thoroughly t&%ted on rat and mouse
tissue and on Chiromomus larvae. The methods are presented in their final form as
determined by experinents. Experiaentael date supporting the chenges mede and

the epplication of the amethods to Chironomus are not presented here but are on
file.
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PLALS FOR ILVESTIGATION

I. A series of collections of Chironouus larvae will be mede during the suazer

froa South fisnteil Depression, Douzles Lake.

A, This series shall start before the suuaer stagnetion sets in in South Fish-
tail Depression, end shall continue es long as possible.

B. Collections shell be :mde not less than three tines & week. .ore frequent
collections will be necessary before and during the stagnation.

C. Pnysico-cheaicel date shall be teken at the time of collection of the
weter es close to tae bottoax &s is practicel. L4

D. Two se.ples, each weighing e grea or more shell be taken at each collection.
Tne live weight of t:e sa_ples shall be deteranined iz:ediatly. Tne two samples
snall be preserved sepsratly in 57 alcohol. Tane anizals shall be kllled in the

elcohol iziedistly efter weighing.

II. A series of coatrol collections will be zade from Grapevine Point Depression
et the sese time and in the sasa zmenner as those in I. (This will be done if
Grepevine Point Depression does not stratify during the period of collection.)
IZI. One saiple of eacn collection frox both South Fishtail Depression and
Grepevine Point Depression will be anmlysei for glycogen by the wodification of
the Good-Kreuer- Soanogyl .ethoai, and one will be analysed for fai by tane Kumga=-
we-suto aethod.

ote;- The weight of the chitin will be deterained when is is separated

in the glycogen deterai.imtione.
IV. A ccllection shall be mede of the botton aud of tze two depressions. This
shell ve saelysed for imt, t.tel ‘itrogen, soluble cerbohydrates. The collections
of bottoz deoosit w1lxaoe sun-dried efter collection.
Vo & taird sedulef71¢l o5 teken at each collection. Totel nitrogen w111 be deter=
<ined on this seaple. {Under consideration;
VI. The possibilitiee of obteining oxygen date on the botton materiasl will be

iavestige ted.
V1I. The oxygen consuzption of the bouton deposits efter tae reaoval of the

aecro-fauna will ce investigated,

VIII. The oxygen consuzption of Chironoaus lervae will be investigated.



THE GOOD-XRA.ER=-80..0GYI ODIFICATION OF THE PFL8GER GLYCOGEN DETER:ITATION
AS APPLIED TO CHIRONOWUS LARVAE

A group of lervae, of wnich the live wkight is known, ere killed and pre-
served in 5% alconol. Before the detersination is mede the majority of the al-
cohol is eveporated off over & steaxm bath, end the larvae sre dried for 24 hours
et 60°C. ( Experiments on rat and .ouse livers show that the preservetion end
drying do not effect the evailability of the glycogen. Experiments on Chironomus
larvee hxxx showm thet there is no change in 4he weight of the residue upon
longer heating.)

The residue is then ground to & powder, snd the analysis is carried out on
the powder. It is essential at this step thet the chitinous hull be troken compld
ly so that it will not ect as & trap for the glycogen solution. The powder is
placed in & 13X100 mm. test tube. Some residue will remein in the besker used for
the dryiang. This should be washed out thomroughly with two lec. portions of 30%
KOH. The weshings ere added to the powder. (If more than lgram of tissue is used,
KOH should be edded so that its volumn will be twice as many cc. es there sre gram

of tissue.) The tubes ere then placed in & boiling water bath for -1 hour. At tthe
end of this tiue only the chitin reumeins undissolved. The solution is then filtered

with vacuum through & weighed Gooch crucible. Since glycogen is suluble in hot
weter but not in cold,it is asdviseble to heve the crucible hot. It mmy be heated
by keeping it over & boiling water beth for a few sinutes. The testtube and the
crucible should be washe out with several smell portions of hot 307 KOH. Since
the heeiling witn KOH saponifies the fat in the tissue, there will be & grest ,
deal of foeuing during the filtrstion. This mey result in the loss of glycogen.
it can be prevented by the addition of smell aaounts of485§513i§—5zay1 alcohol

to the wash KOH. The filtrate is collected in an 18X110 ua. testtube. It snould
not exceed Scc. After the filtrate is collectcd the collecting tube should be re-
aoved. The weshing hes not oeen sufficient to trensfer ell of the chitin to the
crucible; this mey be done with weter. Since chitin is not sffected oy KOH, it
will be reteined on the asbestos in the filter. This is then dried to constent
weight. The drying teaperature should not exceed 6°C. The filtrete is cooled to
roon teupersture end l.1 to 1.5 voluaes of 957% elcohol ere added. This precip-
itates the glycogen. The zixture is then brought to & boil end covled to room
teupersture, end centrifuged. The supernstant liquid is dreined off and discerded
The glycogen re_eining is tnen hydrolosed by adding 1N H.SO¢ end plecing it in

& boiling weter beth for two hours. Experisents heve shown that the hydrolysis
oeriod snould be at least twoo hours long, end thet 3cc. of tne H.S0; is suffic-
ient. Tne glycogen is hydrolysed to glucoss.

Tne hydrolysete is thasn enaslysed for glacose by the _ethod of SheIfer end
Soamogyi. It ie diluted to 23cc. 1~ 2 voluaetric flesk, and Scc. portion8 sre
pippetted into 250m1. test tutes.dce. of the Sheffer-Soaogyi Copoer “eagent To.
50 (conteining 1 grea of XI) ere edded to eech tube. A control of the reeszeants is
set up by sading S5cc. of the reagsnt to Scc. of distilled weter. Tne tuves are ¢
covered w.tn & l-holed rubdber stoover esad ere pleced in & boilibg wet-r beth for
15 .inates. Afper e few aiautes coolbmg in e cold weter oeth 2cc. cof a soultion
conteiniag 2.5, eech of KI end K-oxelete ers ed.z=d io esch tube. Mis is followed
vy Sec. of 10 Z534e .0 Tupes ere egein coverel ent ereg sncXen zzntly to _ix ths
ree:eaos. (ne iodine releesed oy niz .rocsxdure is titreted with 003N 8:5.G .
“ae experi_entel tuoes shows ithe e_ount
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Jote:- .ne originel a:zthods hev:s oveen .odified to fulfill two requirs.eats. 1.)
3! ea pressrved in elconol end dried, end 2.) York on
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Glycogen - p.2

lote: In order to avoid trensfer of ihe filtretes froa e filtering flask to a
ceatrifuge tube, 8 speciel #chews for vacuuam filtrstion has been jevised. This
schene is described in another section.

Ref: Good, C.A., H. Kramer, and 4. Somogyi; The Deterauination of Glycogen.
Journzl of Biochemistry, Vol. 100, pp. 485-431, 1933,
Shaffer, P.A. and i. Sowogyi; Copper-Iodomstric R:agents for Sugar Déter-
ainations. . ]
Journal of Biochemistry, Vol. 100, pp.695-713, 1932,



TAE KULAGAWA®SUTO ..ETHOD OF FAT DETERLINATION AS APPLIED TO CHIRONO.US
LARVAE

A group of larvee, of which the live weight is known ere killed end pre-
served in 95% elcohol. Before the determination is wede the @ajority of the al-
c:hgéoéa evaporated off over a steam bath, end the lervae asre dried for 24 hours
a . .

The residue is ground to & powder end the enalysis is catrried out on the pow=-
der. The chitinous hull should be broken up to prevent it from retaining some of
the fat. Since sozne of the fat will have been in solution in the alcohol it will
be deposited in the vessle used for drying. This fat should be washed out carefuly
with 20% #OH, end the washings edded to the bulk of the zeteriel. The powder is
placed in 25cc. of 20% MEOH(including the weshings) end placed on & boiling water
beth. This step is best carried out in 50aml. beakers. Alarge funnel is inverted
over the beaskers on the water beth so as .to form & steam chamber. The hest trest-
ment is continued for two hours. At the end of this time all of the fet present
is sesponified. The meterial is transferred to & 250ml. separatory funnel and is
cooled. 20cc of 20% HCl is edded. The contents are shaken and cooled. 1lOcc more

20%HHC1l arc added, and the xeteriel is again shaken end cooled. After cooling 70-100
cc. of ethyl ether are edded to and mixed with the acid contents of the funnel.
The sclid umterial forms a leyer between the aqueous and ether solutions. The s
equeous solution is drsined off from below and the ether portion is decanted. Ta
The solid which remeins in the funnel is washed seversl times with S5cc. portions
of ether ‘which ere then edded to the first ether extract. To the last washing 5
cc. of 20% MOH are ecdded. Tmis is sheken well, end the eaueous sclution from
‘the first extrection is asdied. The aoueous layer separat from this mixture
is dreined off and discarded. The ether woultion is sdded to that of the first
seperation. The ether extract is now eveporeted to dryness. This is best done
by distilling it off. The use of condensers and water baths heated by electric
heeters with enclosed fileuwents lessens the denger of fire. By this xneens axost
of the ether is reccvered end ey be used egain. The residue froa this evaporstia
should be dried thoroughly et 30 C. The tewperstures during the evaporations
should never exceed 60°C. since the fat is soumewra¥ volatile et higher temperatus
The residue, aftsr drying, is dissolved in absolute ethyl ether snd is filtered
tarough esbestos. This is bssti dome by means of 8 Gooch Crucible end & filter
puap. Tnis etner extract is dried as asbove. While still warm it is dissolved
in 20=20cc of petroleua ether (b.pe 30-60 Ce)e This soultion is cloudy end
should be allowed to siend for seversl hours until the white precipitate heas
settled to the botton of the flesk. Tae soultion is then filtered through
ssbestos into e weighed 50cc. Erlenzeyer flask. The petroleum ether is evapobate
ed off by tne .etnod descrioed for the etayl ether. The residue is dried to cone
stent weight at 50°C. A : .

The final residue of this ceterminstion is e mixture of several fatty acids
snd the unsaponifieble lipids such as cholesterol. These cen be separated furthes
but for tnis work it has not besn considered essentail.

Jlote:- The applicetion of tae original aethod to Chirononus requires mo modi-
ficstion except thet the anizml meteriel be ground up to prevent the chitinous

hulls froa trapoing the fet solution. ) . )
lote:- In order to esvoid chenging the filtrates from e filtering fdask {0 & wix

weighed flesk,s scnexe of vecuua filtration hes besn devised. This scheme id de-
scribed in another section.

cef. Kumwegewa, i. u. K. Suto; Ein .eues Verfehren zur gquantitetiven Bestiﬂnung
des Fettes und der unverseifveren Sutstsnzen tierischen .steriel, neost der Krxk

Kritik einiger zebrauchlichen ..ethoden. _
Biochesische Zeitschrift, Bd. 8, s8s.212-247, 1308.




A DEVICE FOR VACUUM FILTRATION INTO VESSELS OTHER THAN FILTERING FALSKS

In order to filter & aeterial under vacuum without heving the necessity of
treansferring it into & centrifuge tube o wieghed fdask a chamber was set mp
in which the recieving vessel could be placed and subjected to vacuum. The
receiving vessel was placed on & glass plate. A bell jar with opening et the top
and sides was placed over it. A Walter type crucible holder wes placed in the top
hole, and a tube to the filter puap led from the side hole. Thus the entire cham-
ber could be evacuated,and the filtrate could be collected in the desired type
of container, either a fiesk or centrifuge tube.




