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INUIBITICN OF B+CILIUS SUBTILIS RESPIRATION ON GLUCOSE,

FORUMATE AND SUCCINATE BY CERTAIN ANESTHETIC AGENTS

BISTORY 4KD GEREHAL ASYPECTS OF THE PROBLEN

The importance of the use of nsreotie agents™, imsluding
anestheties, &t the present time is well recognized, The literuture
soncerning the cholee of a particulay agent for use in & ziven situation
is quite voluminous snd & certain amount of proficiency in the use of
narcotics has been sehleved, More recently consldersble work hsas bLeen
devoted towsrd en elucidation of the mode of aétxm of nareotic agents
and though some edvences have buen msade the overe-all pieture 1s not yet
slesr, In the lest snelysis we still do not know how mmny nareotics
bring about their phypiologiosl action,

Efforts to deternine the causstive mechonism of narcosis have
led to the investiustion of meny nareotic sgents and thelr effect on
many types of living orzaniscms as well ag on isolsted tissuss and

tissue extructas, The runge of living forms, which have been studied

The present dey terminolosy which is enccuntered in sany
reviows dealins with the physiologloul setion of drugs is somewhat
eonfusinze For purposes of clerity the suthor will follow the
terminology of V, £, Henderson (12) who reserves the term narcotie
to designete chemiesl compounds which depress the activity of the
contrel nervous systen when present in certain consentrations, When
their concentrntion falls below a certain point the cells involved
sre restored to their norma)l ectivity. lienderson considers generul
anesthetios snd hypnotiecs ss being included under the more zeneral
term of nervotie and discusses the physiologiesl theory of such
compounds under the heading, "Theories of larcosis”,
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while under the influence of narcotics, extends from the larger
animals, including men, down $0 the single-celled organisnms sueh as
yensts and baeteria (12)., In the esrlier investigations the larger
pert of the work was osrried out with the higher unimals as the objects
of study. ilecent sdvances in the knowledge of celluler metabolism and
snzyme chemistry, and the realization of the similurity between the
basic espects of cell physiology in higher und lower forms of life,
have formed s new background for the study of nurcotiec sation. Thus

we find that the use of brein tissue (3,7,11,18,15,16,23,24,825) snd
mioroorgenisms (7,14,19,20) are prominent et the present time,

Although the eerlier theories of neruosis have proved
insdequate in many respects, it is true that a brief consideretion
of the older work is necessary in order to complete ths overeall
picture.

The earliest attempt to provide a theory of neregotic aetion
was presented by Filere and fH:urless (12). These workers suggested
that anesthetioc agents dissolve certain fatty constituenta out of the
brain cells and that these brain constituents ure later deposited in
the liver, This theory is historically important becsuse it served
&8 & forerunner of the more modern lipoid theory whioh will be dise
cussed subseguently.

Another early theory was concerned with the posaibility of
soazulation of the nerve cell "substanse™ when the cell in guestion
was under the influence of s narcotic, This hypothesis wes temporsrily
disregarded becauss the experinental coagulation wes irreversible and

was obtained with isolsted protein systems in the presence of sarcoties
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in higher consentraticns than the concentreticns required to produce
nayoceis in living anlmals, Bore reoent work indicates that certein
intmeellular substanoces say undergo o eosgulation which ig reversille
(2,13,14),

Kochwan (12) believed that nercotios produce @ reversible
dehydration of the oolloid: within $he nerve cells., It wes sssused
that the dehydrsticn upset the normsl permeabllity of the cell menbreanes
which in turn led to & deranged metabolism, However it was soon poiunted
out thet many other conditions whieh prodused dehydrstion did not proe
duce symptoms indiestive of narcotic wotion,

The work of Truube {12,18) althoush it dees not necessarily
present additions]l informetion es to the specifie intmeellular
meclenisn of narcotic action, should not be omitted, Trsube pointed out
the relationsbip between ocupillsry aetivity =nd nercosis. In & homolow
gous series of ehemicul socmpounds 4t sppears that thuse meabers of the
series which heve the greatest ability to depress the surfuce tension of
sguecus solutions slse possess the prestest nurcotie sotivity.

snotheyr rhenosmenon which epparently hes & bearing on asreotio
eotion dut which does not explein, in u specific manner, the mode of
action hes been presented in the Meyer-Uverton theory (1i,18). This
theory wes sdvanged by both Merer and Uverton whils working independente
ly. These workers believe that narcoties exert their chief sction upon
the eells of the central nervous system by virtue of the faot thut they
are taken up by the cell lipoids such ss lecithin und cholesterin.
ageording to leyer and Uverton, the ocherasteristic properties of

enestheties incresse with an increase in 1lipold solubility and water
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insolubility. +t the present time it is stvessed that the
lipyereUverton phenomenon shows how the brain cell may be reached
but does not explain the specific action on the cells involved,

liore recently there has been & tendency to oconsider the
specific cellular influence of narcoties in the light of what effect
they may have upom the oxidative metabolic processes of the nerve
eells (7,11,12,15,17,25,24,26), The mephyxial theory of Verworn (1:2,18)
served as & predecessor to the more modern view. Verworn theorized that
& oell under the influence of s narcotic loses its sbility to teke up
and store oxypen. The appeerence of metabolic products which were
usually sorrelated with & process of incomplete combustiion within the
ecell, namely, acetons and lactic seid, supported this view, Verworn
further sugcested that the stomie groups within the cell, which are
goncerned with tranafering oxygen to the cell, may enter into a loose
chemicsl union with the snesthetie agent and thereby hinder the normal
oxidetive processesz, It wes =180 shown that such setion mey take place
in any cells of the body, but that the cells of the cerebrun are es-
peelslly sensitive t0 6 leck of oxyzen and eare depressed with e much
lower concentration of the narcotiec than is necessary to depress the
nerves and muscles.

Although Verworn's theory of marcotic setion is not us
specific as the modern view, it is to be remembered thet Verworn
presented his asphyxial theory st a time when the mechanisa of ecell-
ular oxidstions were less fully known than they sre today. It appears

40 the suthor snd others (12) that indeed, the concept of oxygen
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deprivation was ¢ long step leading to the current postulstions cone
cerning the mode of mction of narcotios,

Une objection to Verworn's theoxy, which is summarized in
the review of Hemderson (12), wes thet n.rcosis could be induced in
cells carrying on un anserobie type of metabolism. For exsaple, isrburg
and Wiesel (12), in 1912 showed thut yeest fermentation was hindered by
the presence of narootics and Veszi (12) in 1918 brought sbout snesthetie
zation of obligately snsercbic buoteria, However, the knowledge that
many of the oxidative processes of the living cell do not setuslly ine
volve moleoulsr oxywen (9,10) makes the belief that nsrecoties generslly
interfere with cell respirstory processes more teneble,

additionul evidenoe thet the respiretory setivity of the
cantral nervous aystem is reduced during nereosis wes presented by
MeClure ot sl (12). These workers demonstreted that snesthesis in
unimels, broupht ebout by barbiturates snd other narcotics produced
snoxia (oxypen defiefensy). Alse, sccording to Shew gt al (:3), ether
enssthesla ig sssocleted with a decresse in the difference between the
orygen contents of arterial and vencus bloods.

In 1938 Jowett (10) demomstrated, by the use of the brein
slice technie and manometric methods (5,49), thet quite definite inhidie
tions in the respimtion of brsin cortex tissue tuke pleace in the presence
of nertoties ot concentrations which produce nercosis in animals (about
0,001 molar)e The substinte or maberial oxidimed by the cells in these
gtudies was either plucose or gsoume compound believed to be important

in the oxidetive bresklown of zluvose, Such s cholece of substywtes
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fits the fairly well established feet thut glucose is the main sube-
strate of the broin in the living animal (25). It is true that nare
eoties have the sbility to inbibit oxidation in tissucs other than
brain, btut the rether striking action of low concentrations of narootics
seens to be limited to the inhibition of snazyme systems which play en
importent role in oarbobydrate metabolism (23).

Froceeding on the evidence thet meny narecoties exert their
physioclogienl setion by interfering with some phese of zlucose metabo-
lism in the centrul nervous system, kicheells end .nsstel (17), in 1941,
sonducted ¢ series of investigstions by whigh they were able to loecate,
within limits, the portion of the glucose oxidation chuin which is eoted
upon by some nurcotios. Using ret or guines pir brain cortex slices as
the oxidizing tissue end shloretone (trichlortertiary butyl sloohol)

20 the marcotie sgent, these workers found thet the oxidation of glucose,
laoctate and pyruvate was inhibited while the oxidation of suecinate was
not, They have postuleted that there are two possible positions where
nureotlies may bring ebout thelr inhibiting effect, The locaticn of
these two positions 1s best seen with the sid of Hall's scheme (18)

of the oxidstionwreduction systems involved in biclogical oxidetions os
utilized by Orleg (11). This soheme shows diagremmatically how the
oxidution of the substrate is thourh to tuke plece under seroble condiie
tions, Initially the substrate is oxidized by the removal of hydrogen
and the hydrogen thus removed ultimstely unites with moleculear oxygen
to form water, The compounds uscting within the extremities of the ehain
are capeble of undergoing reduction and mediecte the oxidation of the
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substrate and the finel reduation of aclecular oxypen. #&As the reduced
forns of the intermedistes are in turn oxidlized they are coutinuslly

being regenersted for further vae,

1/2 O + gH—Hu0

|

gytochrome Oxidsve

Herecotic insensitive I
region —| aytochrome &

eytochrome ¢

l

eytoohirone b
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N 2

-
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dehydrogensse

| substrete
Se f B . o

sgeording to Lunstel and his sssoclates, nareotics exert
their sotion sut either point I or point II, in effect =t point 1
would bloek the trensfer of hydrogen fram the hyridine nuolsotide to
flsvoprotein while an offect at point II would inhibit the trensfer
from flavoprotein to aytoehrome b or sose upknown intermedinte,

Crieg, working with neabutel and chlerofoim as inhibitors, hus
extended this basie fdes. She has shown that there ie no sscumulstion

of reduced comymese during the metaboliam of cerbohydrate by brain tise
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sue and hus reascned from this thst thers is ne interference at

point I, Bhe also has shown that there is ne decrsase in the rate

of hydrogen transfer from cozymase to flavoprotsin in the presence of
nareotics snd thut nercoties do not inhibit the oxidetion of susoinnte,
In swazery, Criep suggests thet the narocotic inhititors selectively
hinder the trensfer of lhydrogen by sytochrome b or by some other intere
mediste which le similar t0 cytochrome b,

Prilpot (£1) has ehown that loenl snesthetiss such as cocaine
and prooaine lower the oxidation rote of liver tissues respiring in the
prescnee oi‘ gdrengline and from this postulstes that some portion of the
eytochrome ¢ systan is affected,

The engyme systes inwznc_l in the oxidstion of succinate,
namelyt euscinic dehydrogenase or succinoxiduse, haus received consider-
able attention from investigstors (11,17) who aye interested in narcotie
sation, #p stated previously, this enzyme system is thought to be insens
sitive to the aotion of nercoties (11,17). The enzyme dehydrogenates suce
e¢inate to fumarate provided a hydrogen scceptor ies present (6,9,16,82)
and if the hydrosen seceptor is oxycen Straub (22) believes the suscine
oxidace aystem to be composed of the following:

Oytoehrome oxidase
Cytoehrome &
Cytochrome ¢
Unknown factor
Sueeinie dehydrogenase
The terminclosy encountered in u discussion of the above

system appears to be irrvegulsr as the term gugcinic dshydrocenage mey
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refer to either a portion of the system or the system in ite entirety,
1t ig to be notey thet Streub's conception of the suceinoxiduse system
contains nc cytochrome b but rether an unknown factor which transfers

hydrogen to ecytochroame o, Aszelrod, Fotter, snd Elvehjem {29) believe

that one or more componenis of the suocinoxidase gystem are lavoproe

teins,

an engyme sysiem which sey be similar t¢ the susglnoxidese
systen ig the forale dohydrogenuse system. Host of the informstion
gonserming formie dehydropenase has come from the work of Gale (28,28).
The enzyme im generslly reported as bsing found in Zgeberioiiia cold
and possesses the ability to dehydrogenste forsmute ag followsd

Formate—_ ocarbon dioxide 1 2 hydrogen
Under aerobie conditions the hydrogen is token up by the oytochrome =
gytochrome oxidese system., The exset components of the eytochrome
syetem involved in the oxidution of formute «nd the effect of nurcotics
on the system have not been reported,

The major portion of the studies to dute whiech have dealt
with the effects of narcoties on beeteris have been concerned with the
lusinescent bacterism, Severs)l investigstors (13,14,19,20) have eaployed
the engyme system responsible Tor bagterisl luminescense (lucifersss)
to gtudy nercotics as inhibitors of cellular activity. The enzymes
saking part in baoterlel luminescenss are quite sensitive to the
presence of narcotiss and have thus provided a basis for research as
t§ the specific panner in which narcoties may inactivete enzymes.
Aohromobester fiseherd (Becterius phosphorsscens Aniigenus) end Zhogo-
lacteriug phosphoreus (Pmcterium phosphozeus) have been studied in this

gonnect ion.
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It is to be noted that the physiclogist, who is today
interested in guthering inforamstion concerning the specific nmode of
aotion of narcotics often dlrects his attention, in one manner or
apother, towerd the enayamatic systems generslly belisved to be uctive
in the blclogicul oxidation 6: glucose, Nore specificslly the general
plan of ettack often involves some techniec by means of whieh a given
segment of the over-nll oxidetive scheme may be isolsted and studied,
Unce the particular segment is isoleted the problem may then be one of
comparing the sctivity of the segument under normal environmentsl condie-
tions with the activity of the cegment operating wunder the influence of

the nayreotic in question,
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FIEPOSE OF THE INVESTICATION

One approech t0 ths problem of the meslunism of eussthetie
action is throush a study of eell respliwiion und lemmentstioca (7).
The bactericl cell ls relatively sssy to mepipulste in the laboratory
end possesses e fors of metabolism whieh is stvikingly siallar to the
type of metebolisn found in the cells of highor suimsls.

The present investigatlon was carried out to determine what
concentrations of certain snesthetic sgents are reguired to bring
about & noiticeable inhibition of the respirution of Zsgillus guntilias,.
If the orpeniss wes sllowed to respire on glucose, formate and succinate,
such & veristy of substrates would permit the study ai’v the sotion of
several enzyme aystems under the influence of the snesthetle agenta,

The results could then be compared with the work of other
investigators (11,24) in which the respiretion of certein memmslisn

brain tissues wees messared.



THE THREOY AKD USE OF THE dARDURG HESPIROMETER

Menometric methods are extremsly useful for guantitative
analytiesl work in whieh it is desirable to estimate the exchange of
gases involved in chemlosl and blolojgical remctions. Zeveral modifie
eations of menometric instruments are available for determinstions of
this type (5,89). The modiricetion known as the Jarburg respirometer
(see Figure 1) is one of the most extensively used,

The theoretiesl aspeets of the “srburg apparatus have been
thoroughly covered in the litersture (5,29). SBriefly this instrument
is a constent volume type of respirometer consisting essentielly of
a gredustsd Us-tube menometer and & reaction flssk, The leftehand
portion of Fijure 1 shows & front view of the ‘arburg respirometer
while the rightehand portion depicts s side view of the same apparatus,
One end of the manometer is open to the astmosphere while the other end
is attached, through & ground gless joint, to the reaction flask, It
is also provided with & rubber reservoir end sorew clamp arrangement by
which the level of the manometrie Tluid mey be adjusted, ¥hen the
respirometer is in use 4t 1s attached to & shaking spparstus and water
bath {n sueh m manner that the reaction flask is completely lemersed,
The manometer is not ianersed in the water bath but is on the outside
of the water bath for good observetion of the manometrie fluid., The
water bath provides & medium of oonstent temperature while the shaking
apparetus promotes & rupid exchange betwean the liguid and ges phase
within the reaction flask,

The operation of the Yarburg respirometer is as follows:



Figuyo le The ®arburg hespirometer



Y

The resotion flask eontains a known amount of liguid in which
e vreaotion tukes place., The reastion in guestion preduces either an
evolution or absorption of a ges. The mmgnitude of this amount of zas
iz detemined by reading the level of the msnometric fluid before and
after the reaction takes pluce,

Go that each reading mey be made ot constent volume, the level
of the liquid in that side of the munometer whichk is connected with the
resction vessel ie slweys brought to the seme given poins (uswally the
halfeway mark) by mesns of the screw sdjustment, OUnly the level in the
open side of the mancmeter is reed. The difference between the before
end after readings is due to the change in pressure within the reaction
flask.

The squation used for the ealoulation of the volume of pas
liverated or teken up is

x = hk
where X is the mmount of gas evolved in sudie milli-
meters (c.mm.) 8t normal pressure snd temperue
ture (760 mm, and 0°C.). If the ges is sbsorbed
x will be negative.

h 4is the ebserved change in the reading of the
manoneter in millimeters.

k iz She constant of the spparatus. The soustant
of the apparatus, generslly known us the flask
songtant, is necessary to convert the astusl
ehange in manometer reading into volume of gas.
The value of k is depeandent upon the charecter-
istics of the partiouler flask and the conditions

of the experiment.
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A deteiled derivation of the foregoling eguation may be found in the

literature (5429).

The eaclibration of the apparmtus, which gives rise to the

value of the apparatus constant k, can be dedused by three methods (29).

1, By ealeulation from the following formalas

where

k =

?63%3‘4_?‘. &
¥o

is the volume of the pme space in the resotion
flaske This volume ineludes that portion of the
menoneter loosted between the resction flesk ite
self and the nanometrie fluid,

iz the absoclute temperature of the weter bath,

is the volune of the liguid in the reaction flask,
is the solubilisty of the gms being messured in the
resotion liguid, It is the cubie millimeters of
gas 8t normal pressure and Seaperature dissclved
in the resction liquid when the liquid is in
equilibrium with & partisl pressure of the gus
equal to E’Q-

is the normel pressure expressed in terms of
manometric fluid, If D is the density of the

manometric fluid,

Fo = 760 x 13,60
' o

2. By the Hunger snd Vewmen methed (29) in which o measured

axount of pas ia wdded to or withdrown from the flask by

means of & gradusted pipeite and the resulting rouding

of the mepometer chserved,
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3¢ By libersting or absorbing & known smount of ges in the
vessel by means of & known chemiesl reaction.
In these studies the spparatus constants were determined by the methed

of eeleulstion.

ThE JETRGAK-TION UF OX7onil ColeUy A1l oxygea consusption vuluss

were determined by the direct method (5,29), In the direat method 20%
ECH {8 placed in the center well of the reection flasis, The alkasli
ab:orbs the ocurbon dloxids produced by the respiring cells and say dise
plecement of the mancmetric fluild is then due Yo oxygen sonsumpiion,
This is besed on the assumption thut oxygen snd eurbon dioxide are the
only two gases invelved in the respirstory aetivity of the ceolls whose
metabolism s 0 be etudied, The reading of thz menoseter gives a |
direet measnre of the oxygen consumed. Unly one flask is nocessary for

deternining the oxyren uptake by the direct nmethod,

THE DETEIINATION OF CiHBON DICXIDE The direct method of

envbon dioxide measuremsnt (5,28) wes edhered to throughout this work,
This method requires the use of two manometers plus the accompanying
resction flasks, with the same amount of respiring material in eaeh
Tlassk, In one flask the oxygen upteke is determined directly Ly the
method dlsoussed above, In the second flask the slkall is left out and
the menometer resdins is influenced by both the oxypen counsumption and
the curbon diorxide livereifon, For purposes of explanetion, let the
volume of oxygen consumed per unit time be sgual to 102 and the volume
of earben dfoxide lidernted for the same peried equal Xpppe The liberee

tion of x{’\_ga gives an observed change in the mmnometer reading
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bogp Xfm& + The absorption of Xy, will shunge the senometer
*o, .
reeding by sn snount h.og = "&kg . h% and I%g are negutive quantities.

The resuliant chunpe in the resling of the sseund senoseter, which cone

toins no slkeli, 1o the algebrule sum of ke two sonponent readinges given

ehove.
x00
h= ..E:O + 3
Vg 0y

thus

%g0p = (0= Dgheiyg
ko, &
Sinve x% is kpnown from caloulations invelving the reading of the mano=

meter with alksll present, kg, snd kg g 87 knowmn from eolibrations and

h is obscrved, it iz possible to calsulate 1@8.

THE UBE OF Ti TEROBECMITER  Due o the faet that one end of the

Lurburg menoseter is open to the atmosphere, the level of the manomstric
fluid is grostly influenced by small chenges in barometrie pressure or
the temperasturs of the water bath, 4during the course of an experiment,
Au sllowsnce 1o mude for these changes Ly use of &« thermobarometer,

The themmobsrometer is o ssrburg resplirometer containing only & smsll)
ssmount of water in the resetion flaske This seancsmeter ls placed in the
water beth slens with the experisental respirometer. The thermoburce
meter iz resud shenever the other respirometers are read and its reading
ias gpubtracted Jrom the resdings of the experimentel respirometers, Such
& progsedure sorryects for errors due to shanges in externsl eonditions.

Any chances will affect the readings of all menometers in the same way (29),
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Calidbration of the Yarburg lespirometers

In order to determine the flask constant (k) from the exe

pression . Vg gg + Vo @ it iz necessay; to know the values for
‘50

Vo » Ty 8, V, ond Fge These viluss resmein eonstant for s piven set of
conditions.

The vulues for Vg for each of the individual respircmeters was
determined by sulibretion with merecury aecording to the procedure oute
lined by Re ¥, Burris (29)s Vg is the sua of the reaction flask volume
(x), the volume of the ungreduated portion of the manometer (y), snd the
volume of the gradusted portion of the pright limb of the menoneter bee
tween the 300 sm, und 150 smm. marks. The volumes represented by x, y, and
L were obtained hy filling the various parts of the appuratus with meroury
st known temperature und weighing, Since the density of neroury at
various temperatures wan known the volumes x, v, and % were caloulsted
from the equation, voluse equals mess/density.

The determinetion of the reaction flssk volumes, The weight
of the mercury required to fill the reaction flack was obbained by welighe
inr the flask in gqueetion before snd after filling with merveurye 7The

velues used to celoulaote the reaction flesk voluses are found in Table I,
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Table I
‘?’a%gg Sor saleulating resablon flagk ¥

tempercture 24.0° J,, density of mercury

Hq~ 13.53
Hemction  seight  lelght Jelght  Flask
Fiask Flosk Flask of Yolune
Number Enpty Filled  Sereury
i 26404 gme E56.74 gme 330,70 gm, 17080am"
2 25,82 269,51 243,69 18020
5 28,59 285457 237,98 17690
4 25,91 261,68 238,77 17430
5 28,02 257,79 229,97 16480
6 31437 259,27 207,90 15370
] 26 .68 254,78 £38,08 16860
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The determinition of the volumes of the yrmdusted jortions
the menoneters.
oL Xe In order to determine the volumes of the gradusted

portions of the runomsters it was first necessary to obtein the interanal
oross gectionsl aress of the mnmtor tubes. The cross sectionsl areas
were 6aloulated from lensth and weight messurements of mercury colwms
contained within the menomster tubes, or a eyunder,- aree eguala
volume/length, The mersury columns were measured in several different
positions on the mmnoxeter soale 1n order to show up gross varistions

in the bore of the munometer if they existed. Variations were negligible,
The velues for the langih of the solumns were messured by neans of the
graduated scales on the manometers and the weights of the columns were
apeertained by weighing upon removel from the manometers. The vulues
uged in the caleulstion of the mancaeter eross sections are indlieated

in Table II whieh lists the sveruge lengths of the mercury columns,

Table 11
Jalues for galsuletlon gsncmeter tube cyope seotjonal
L‘itaapumtnn B8V C,, density of mercury 13,53

hvgm%’e
Hanoneter longth :mgm Voluse Sross
Humber Heroury of Sectional
Solumn w hres
1 151, 6om 3.4814 gm, 257 1, 702m®
2 203.1 Be4358 401 1,98
3 133, 6 340608 & 1.73
& 103,98 2,369 158 1.58
) 92.1 244549 164 2,00
6 96,0 2.7608 204 2.13
7 92.8 2,88886 210 2488
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Onge tle eroms sectional areas of thy menomeber tubes were
knosn the volumes of the greduated portions of the manometers were
readily found by computing the profuet of the length »md croms sseticasl)
erea, 48 stated previously all volumes wers containsd between the 300mm

and 150mm marks, COsloulstion velues and reaults ore found in Teble 11X,

Table 11T

Values for ssleulstion of volumes of gradusted portion of mancasters

i

length Volume of
Banomster af Gross Gradunted
Humbers Desired Seetional (130 « 500)
Forgion Ares ?orﬁw
1 150mm 1. 70mn” 257 4 Onm®
B 150 1.98 297.0
S 150 1.73 2388
4 150 l.52 228,0
8 150 2,00 300,0
8 180 413 319,35
7 180 £e08 B4E,0

e Ine detemimtlon of the Yolwses Of the wmrstusted 2ortisn of
' The determinstion of the internal volumes of the une
grodusted protions of the rightehand limbs of ths menometers was carried
out by an indireet method, length snd weight msasurcments were taken on
meroury columms which extended from some point on the gmdusted scale to
the ground glasa joint conneoting the menometer with the reastion flask.

3ince the oross sectional eress of the manometer tubes were known from
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previous caleulztions snd the lenmgth of the serment of the meroury
solumn lying in the gradusted section of the mencmeter wes measurable,
it wes possible to determine the volume of the nngradusted portion by

Aifference, The data necessary for the ealeulation of thess volumes

48 contained in Table IV,

Table IV
Hapometer mgeé:th delght VYolune 'Voi;ne Vo:?n
Fusber waroury of of vradunted Ungraduated
Solusn beroury  Morowsy  ortion Forkion
1 jointeuf7,0mm sork 640866em 468.5mm° 12,lom" 446 2om"
£ Joirt-230.6 10,1563 48,9 151.6 616.8
3 $elnt-187,1 10,1553 75044 185,7 Bida7
4 Joint-l97.0 B,4578 62549 16%.8 46843
6  joint-a18,8 9.6658 71R.9 16344 54845
6 joint=£94.6 648073  481.0 1145 56940

7 jo!nt-&:l&.l) 1l.5228 Gi04% 186.1 6553




The determinction of ths totnl
total respiromster volusmes were onloulsted by teking the cum of the

voluse of the srodunted rortion af the menopeter, Yhe volume of tho
ungradunted portion of the menoncter znd the volume of the resstion

fingk, These volues ore summarized in Table V,

Teble V

Velves Tor salsulstizn of totsl wesplromster voluses

Valnme Volume Volune
Henomoter of of of Total
hasber Graduated Ungraduated Asnction Heapiroseter
Portion Tortion Flask Volume
1 265me> 44 6mm® 1705009 17751ma®
g £97 €19 18020 18954
3 260 625 17590 18498
4% £88 468 17430 18128
4 300 850 16880 17830
6 B3£0 96 1587¢ 18060
7 342 €35 16880 176838

Jbe deteminction of the flask ccnstentg, The sctual ealou-

lation of the Tlask constants were performed uceordirg to the sugsestions

of Unbredt (1%). It hae been stated previously thet the flask constent
o,

(k) 13 equel %o end it 1s possible to caloulste k for say

o
set of experimentel conditions from the expression given sbove., lHowever,
i1t 1s convenient to alter the constant (k) from one esxperizental condie
tion to another without recaloulsting the camplete expression, Umbreit

has presented a method for o¢sleulsting d4ifferent factors for ditrdnnt
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volumes of fluid in the flusks, Tt has been sho=n (20) thet the
relotionship betwoen the presence of one ¢o, more fluild in the reaction
flagk snd the {lask constant Is guite simples, Tor snch 3¢, of 8dile
tionsl flufd in the flask, the flask congtent will ohunge s definite
srount, In this peper the velue of this shange is designeted Uyneg end
is equal to _= 1000 3‘? + 3000 8 . It is to be noted that Uypog does

Fo
not vary with the charseteristics cof saah resction flagk and hence ig

the seme for sll flasks. Uabreit's valuea for Uggoo for determinstions
involving oxypen consurption at 30°C, ahow ﬂ:ﬁm to te «D,087,
3inoce values for Uizgo when oarbon ¢dioxide is liberated at

30°0, were not availsdle it was necessary $0 rske complete saleulationa,
It was first necessary to osmloulste values for ¥( and s, Iz order to
arrive et Py it was necessary to determine the density of the ranometrie
fluid, & B cc. sample wes weighed in triplicate.

Sample 1, He1629 gm

Sample Be 5.,1878 gm

Sample 3. 8,1595 gnm

Average sample welght 5160 gm
averspe welght/ eo. 1,032 ga

Sinee Po is normsl pressure expressed in terme of menometrie fluid

P equals 760 x 18280
o oau 1.058

Py eguels 10015
lieosuge theve cxperiments were carrisd out in bulfered solue

tions st @ pH of 6,8 it was ¢lso necessary to correet for esrbon dloxide
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retention (29), 4 useful method of sorrecting for surbon dicxide reten-

tion has veen sugrested by Johuson (2%). This method consists primarily

of substituting the gffoctive value of g (known us &') wiensver a ia

ordinarily used, Johnson further states thatiz- aquals aatilog [(pii - 6.34314'1
where the pi! 1s that in the remetiocn flask during the sxperiment.

For experiments rum &t & pi of 6.8 and &« temperature of 30°C,

-ﬁ.'- = [entilog (3 = 6.3‘3)] + 1
= [entilog (6800 - Ge343] + 1
= antilog G487 + 1
= 2.8646 + 1
= 3,064
“hen & 18 0,68 (r8)
8' S G888 x 060
&' = 2.800

Therefore at pH 6,8 and temperature 30°C,

{:03 . <10

Ujoo0 = =000 ﬁgm 1000 (2 550)
00, _  =900,990 s

Y3000 ST

o0,
978 )
100 — 1&!3
20
2 =
Ulm 8,165
When using the fuctor Ujoag it 1e necessary to use s flask censtant (k)

buged on 0,060, of fluid being present in the flesk, Therefore sinse

k=Y Byt T

¥

et 0,0 eo, of fluid

ko::a‘fzéé‘i
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and k . 13 the enme megurdless of the gus beln: zevsured. 4% 3090,

and with Ty to 10015 22 caloulsted previously.

“o equanls %I :7'_‘”
) qu

~3ile D
;4

" 3 243 B xr 3 ?("G?{’O
R th

Rans, Pavels 7, x 0,00006008
o 3

KCwga, tt;-,xz?les 7, x 0.00009%0
The Flusk conatants for the varicus floake undey eonditions of

3090, and 0,0 ee. of fluild in the flssks are given in Tuble VI,

Table VI

Values for caleulation of ki ..

Vlesk
Hemdbe % x 0,0000000 = Kopoa,
1 17751 mm®  x  0.0000900 = 1,598
2 1006 % 0,0000006 = 1,704
3 18495  x 0,0000000 = 1,663
4 18108 X 0,0000800 = 1,650
5 17250  x 0,0000900 = 1,608
6 16060  x 0,0000900 = 1,445
” 17835 x 0.0000900 = 1,605
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The asperizents invelving vxygen aoasmnldh were cerried out st

Ts with & totel of U2 ¢¢e of fluld in the rpesction flusk, i.e, 5e0 se.

of resction solutiocn plus Q.2 go. of 207 ECH for earbon disxide shuorption.

Hince the fluid volume wes 3.2 oce. 4% was uesessery to multiply v&m by

Uede Therelors for Oxygen BOGOUIesSLYS:

ﬁm X Be& sguals «0,087 x 8.2

Vigop x Be2 equals «0.E78

Purt hermopet

s Op
kﬁz oqusls kMa+ Gm

k;q equals kg . 0.878

2

The finpal koﬁ for the verious flasks are listed in Tudle VII,

Table VI1

Valuse for suleuletion of ki

Vissk

Pl oo Kougs, = Oa278 =" g
1 1,598 « 0,208 = 1.580
2 1908 - 0,278 = 1428
5 1,668 = 0,878 = 1,388
4 14680 = 0,278 = 1,32
s 1,606 « 0,878 = Asua?
3 Leéds - 0,278 = 1.167
7 = 1.8

1,600
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The experisenis iz whileh ecurbon dioxide evolution wue nessured
vere performed at 3090, with & totel fluid voluue of .0 cce 40 the

resstion Tlzeke, Haooue:

80
kwg squsls ko o0 + 133030

30, Oy
andi Uam sgusls !‘Jlmo x 3.0

C8y
Usooo ®auels 0,165 x 3,0

0o
0500() equale O.480

The final km for the vardous {ingke are listed in Table VIII,
2

Table VIIX

Values for sslsuletion of kmg

Flask

Hunber kwc‘ + 0,498 = hmg
1 1,598 + 0,495 = £003
£ 1,706 + 0.495 = 2199
3 1,683 ¥+ 0,498 = 2.158
4 1,630 + .48 = 24125
5 1.608 + 0,498 = 2,100
6 1.445 4 0.498 = 1.940
? - 5+ 0,49 o

Teble 1L contains typlecal values of oxygen consumption as

determined bty the various respirometers snd is presented to show that
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¢he varistion in oxypen volumes obtrined was not larze, 4 similur

eomparison of carbon dioxide liberstion velues is presented in Table X,

Table IX

Typleal variztion bvetwsen ¥arburg respirometers, Resspiration
of buoillus subtilis: oxycen consumption on 0,01M glucose.

tespirometer Humber
3 @ 3 2 1l
Time in
Hinutes Uua Volumes in Cubie dillimeters

i {replicate)

0 -18 %0 81 3 32 381 29
15 « 30 26 28 28 =28 30 30
30 = 45 26 38 34 38 28 29
45 = 60 27 30 @28 30 28 30
60 = 75 2% B0 28 30 30 83
28 = 80 S 88 =0 &1 .29 .38

Totels 170 180 178 183 176 183

B (replicate)

0 =15 24 29 33 30 33 M
15 - 30 3 31 % 38 30 33
30 - 40 33 34 30 32 30 35
45 = 60 30 36 33 39 33 24
60 = 78 3% 40 36 v %2 a9
25 =30 B8 40 3% 34 38 36

Totals 186 210 207 208 201 209



Table X
Typleal veristion between Warburg respiroassters. lespirstion
of BLegillus subtilis: osrbon dioxide liberation on 0.0lM glucose,
Hsspiroseter Nunber
8 3 1
‘Tise 4in
kinutes Gas Volumes in Cuble Eillimoters
A {replicate)
0 =15 44 46 44
15 « 30 38 36 40
30 = 45 26 a8 40
45 - 80 34 o4 38
60 - 75 28 36 32
2=90 - R §
Totals 209 219 228
B (replicate)
0 =18 42 48 48
15 - 30 36 42 99
30 = 45 42 38 39
45 - 60 36 30 36
60 « 75 36 36 33
25 = 90 B0 3 o3
Totals 288 588 228
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EAPERIMENTAL
O HOAK The organisn used throughout this investigstion was
Sseillup subtills Kocheliovy (Texaa), VeFele, Ho, 5, This orgeniss was
selected for study becuuse its size makes it relatively easy to separate
from » suspending 1iguid by centrifuzstion and it jossesses » highly
nimhic type of metebolism 8nd le therefore sultable for experiments
whieh imvolve oxygen consumption, This strain does not readily form &
pellicle in nutrient broth and is thus suitable for the preparation of
uniform suspensions,
MEDIA Two types of media were used, s seai-solid medium and a
< liguid medium, The senjesolic medium wes employed for earrying the
organism in stoek and consisted of tryptoneeglucosesextract agur (Difco).
The liguid medium was used to supply the cells used in the experimental
rms, 7The liguld medium was & broth hxving the following compositions.
0.8% Bacto peptone (Difeo), 0.1% Beoto beef extract {Difeo), 1.0% powdered
glucose (Daker's C.l'y)s The broth was prepared by dissolving the componenss
in distilled woter and odjusting the pl to & value of 6.8 to 7.0, The
rediun was then portioned into 400 ee, bstohes, plunced in osottone~plugsed
liter Erleaneyer flasks and sterilized, 3Sterilizstion of both typee of
medis wus carried out ut 15 pounds precsure for 15 minutes,

The stendsrd buffer aclution wes a mixture

of KHEPQ and NeQH prepsred sccording to the buffer tables given by Clark
end Lub (8)s The final pH welue of the buffer wes G.8s This solution
was used &8 the suspendinz liguid for cell suspensions and employed

88 solvent in the prepersiion of the suvetrate and inhibitor solutions.
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OBLL SUSPERSIONS Experimentel runs were carried out with none
prolifersting or "resting eell" suspensions (30) of Bagillus subtilis.
A fresh suspension was prepared for esoh run 80 thut the cells under
invistigation would have approximately the scme rute of respirstion.

The oells were hurvested from & 1580 hour broth eulture by

centrifugation, The centrifugstions were ccrried out in HC oe. conicele
bottoned tubes using sn Internstiomsl ¢linical centrifuge, The sentrifuge
speed was approximstely 2000 revolutions per minute snd the centrifugse
tion time for & Z00 oc¢, volume wes 10 minutes, & totel of 800 ec, of
broth wes required to supply the cells for « single experimentsl run,
Afver draining off the supernatant liguid from the sedimented cells, &
10 oc. portion of standsrd buffer was employed t0 wesh down the sides of
the centrifuge tubes, to resuspend snd to wush the sells., This procedure
wap repeated snd subsequently the cells were redistriduted in the buffer
end the resulting suspension adjusted to the decired concentretion,

This adjustment wag feoilitated by the use of & Klett-Summerson
photoeslegtric cclorimeter, The coloriueter was ealibrated so that
lizht ebsorption reedings could be interpreted in terme of milliprass
of 4ry weleght of bsoterlal protoplesm, It was thus possible to prepare
2 eell suspension, mescure 1ts lishte-sbsorbine ability, snd determine
itg concentrution in torme of dry weight of tecteria Ly referring to a
standard turbidity ve dry weisht owxve., Furthermore it was possible to
adjust the consentration of the suspensior to & desired velue by meens

of the eguations

tio [}
soncentration 2 volume 1
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The standard suspension concentrstions used in this work weme 1.5
z8liigrans of dry welght per cubic dcentimeter when the substrute was
zlucose or Tormute ond 3,0 mllligrans per cubic centimeter when the
substrete was succinate, Suspensions possessing the above concentyae
tiono exhibited v resplretion rete whioh was euslly measured in the
Jurburg appuretus,

DY B IGHTS In order to prepare the standerd turbldity ve dry
weliht curve it wes necesserr to sscertain the dry weights of seversl
¢ell suspensions of known turbldity, Ury welsht vulues were determined
by evaporating to dryness duplieste 10 ee, portions of distilled water
suspensions snd welsbing, The weishing vessels (30 so. besekers) and
gontents were sllowed to wir éry in an oven st 80°, for ¢ period of

18 to 20 hours, They were then pleced in 8 esloiun chloride dessicstor
and nlloxed to come to constant weight,

PANGYETRIC MUASUREMENTS Oxygen consumption and osrbon dioxide

liberation sessuresents were performed with & %arburg respirometer.

The Wmrburg flsske were shaken st & rate of 110 full one inoh strokes

per ainite and the tempereture of the weter bath wes 30°C, Dleterminee
tions were csrried out in the presence of sir snd the flesks were sheken
for a period of 15 minutes before readings were initiated so as te obisin
eguilivretion between the temperature Of the resction flasks and the
water buth, In all cases the fluild volume in the main compartaent of
the reaction flusk was 3 cc, In the cspe of detsrsin.tions involving
glugose or formute voluse wae composed of 1 se, of cellsuspension, 1 ae.
of substrate solution end 1 ¢¢ of fuhibitor solution, In the cace of

determminstions involving suscoinste the cell suspsnsion wes prepared with
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succinate golutlon instesd of pluin buffer snd the eells and substrute
were added Yo the reasetion flmzk in the same 2 €0, volume along with 1 e¢e.
of inhivitor solution., Oxypen deteralnctions were earried out with 0.2 ce.
of & 20% L0H solution present in the slkall cup of the reastion flask.

When plucose or forsate were present as substrates manoaetric
read ings were made at 10 minute intervals for =« period of en hour snd
when succlnute wsa the substrete resdings were made at 30 minute inter-
vals for a period of an hour and one half, In «ll cases when the Tinal
reading weg completed the resction lusks weie removed from the manometers
end brosthymolblue indiestor was added to the resction liguid so as to
gheck for any luxze chenge in the pi (sbout 0.6 pii unit) of the liguid
during the course of the guseous exchenge,

After the pk was deternined the {lasks were oleasned. Cleening
of the flasks was socomplished Ly removing the stopoock grease from the
ground zlass joints with inergine cleaning fluid, rinsing thoroughly with
tap water and immersing the flssks 1n & hot agueous solution of Calgon
seaording to0 the recommendations of Umbreit (29). The use of sulfurie
seid~dichromate oles:ing mixturs may have a deleterious effect on metabolic
studisg (85). Luter the flasks were rinsed with tap water and distilled
wator end sllowed to dry, OUryins wes facilitated by a finel rinse with

mathyl aloohol,
BUBSTEATL SOLUTIOHS The three substrates lnvestigated were

glucose (Beker's C.P,), sodiun formste (Buker's C.F,) and suseinic scid
(sallinckrodt’s Fure), OClusose and form:te solutions were prepared by
welghing out the desired amount, dissolving in standsrd bulfer solution

and diluting to the desired concentrution. OSuecinute solutions were
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prepared by welgbing out the desired smount of succinie «oid plus
sufficlent NaOfi (Laker's C.,P.) to neutrelize the soid and diluting to
the desired concentration with stendard buffer sclution,

#orking concentrations of the three substrates were ascertained
by sllowing # siven eell suspension to respire in the presence of different
conoentrations of sulstrate and determining the concentration of substrate
which geve the meximum velue of oxygen consumption per unit time,

K SQLUTL ONS

The inhibitor compounds investigated were:

1. GChloral hyirete ee ClsCOH(GH)y (beker's U.S.F.)

2s OChlorotone == ClyCC(CHg) gCB (Park, Devis & Co,)

3. Chloroforn == CHOlg (Will Corp., Pure)

4o lther == (Cglig)y0 (Buker's C.P.)

5, Potsesium oyanide = KON (Buker's C.F,)

e Urethane = MHg004CpHy (iterak)
The solutions of chloretone, chloroform und ether were nede up from
ssturated buffer solutions and the concentrutions were caleulated om
the tesis if solubilitiss in weter ut 28%°C. (1,27). The presence of the
low concentretions of Kﬂgyg‘ and NaCH in the solutions was assused to
bove & negligible effect on the solubilities listed for agueous solutions.

The aolutions of chlorel hydrate, potassium gyanide and urethane

were prapared by welghing scoording to the usunl procedure,s The potassium
¢yanide solutions were freshly prepered prior (o usege as thore wes
visidble evidence of deomposition after storage for a week at 3°0,

FLABK CONDTANDR The esleulated vslues for the flask constants

(pazes 27 =nd 88) were checked in order to ascertnin whether or not there

wes sny great varistion in ges measursments between laska, This was
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sccomplished by mllowing equal aliguots from the seme cell suspension
to respire in the precence of 0,01 glusose snd comp:ring the gssecus
exhense as detemmined by the vurious flasks, lask Ho. § wasz used as
the thermobarometer. Checks for oxygen consumption were mede on flsaks
Hoge 7, 6, 4, 3, 8, and 1 and ochecks Tor eurbon dioxide liverstion were

mude on flasks Nos, 6, 3, and 1,

FYECT OF INHIBITORS ON RESPIRATION Experiments were run in
order to determine what coneentration of each inhibitor wes required
to decresse the gnnsous exchenge of noneprolifersting oells of Iagillus

bt renpiring in the presense of euch substrate, glucose, Tormute
and sueainste, The respirution of 1.0 Ailllgram {dry welght) of cell

metorial was employed when the substrate was gluccse or formate and 3,0
milligrass was used vhen the substrate was succinste. Nunometer reade
ings were taken at 1O minute intervals over a 80 minute experimental

peried,



Table XX
Typicel dete sheet showing caloul:ticn of O; snd 30y volumes

N Flesk with KGR . Flaak il Kol
v Th'meter °  h Sorreat P on Correet | x Difference Vol.
TIS®  geaing | resding  imeding 927 ¢} ieeding  leading 2% h—x@ziko %)x{m

i % 3 2
H s
(1) () 1 (3 (a) (5) ' (s) (7) (8) (e} (10
Einutes Used for sctuml sne Observed Correct~ sotusl mm, obssrved Column 5 Sutdreot Dultiply
gorreds= roesplro- uptoke core- ed h vespiro~ upteoke core divided by oolunn 8 zolumn 9
tion of meter rected for times  meter rected for koa of from by ki@g
resding reading themwlsroe kg for reading thersobaroe this flesk ©Clusn &
in mme. — metor chanse ﬁiat in am. meter change . B g’;‘sfm
0 149.2 14841 148,6
3.0 18,5 ‘ =lef '
18 158,28 126.2 - 288 w31le8 147.0 =i ol il gh 17.% 369
Ze0 2.0 -l
3¢ 154.2 104,.2 4,0 ~Hhel 144,.8 ol =23 e 17.1 376
3.5 «50e8 -l.8
45 157.6 84,0 wileD B 1435.0 =5al -8 1%.7 iBa9
2.8 -i3e8 el
60 160.3 G042 «liiab w5 o 137.9 =iied wile 17.7 8.9

Totals 134 .4 15443

Date: 3/:25/48

Flasks Yos. 7 and 6

iun No, 149

Flask Contents: Cuspension Ba. - = 1 oc, Conditions: Temp. 309C,

0,034 glucose o = 1 ec. Strokes 110/min.

Buffer = = = = = = 1 0C, In air

-tg=
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TURBIDITY AND DRY <EIGHT, The results of the tuwrbidity and
dry weight messurerent of B, gubtilis sre found in Teble XII, Only
thowe suspensions which were undiluted (110) were aliquoted for dry
welght measurenenta, The dry weights for diluted suspensions were
obtained by csloulation from the weight of the undiluted suspensions,
i turbldity versus dzy welipht plot is shown in Figure 2. The segment
of the curve falling between the 30.0% and 10,0% ebsorption ordinates
wag the portion generally used in detemmining concentrations of une

known suspensions.
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Table XI1
Turbidity end Dry Weight Values for Distilled ‘uter Suspensions of
Zagillug subtillg
Criginal Turbidity in Dry Welsht in
Suspension PMlution Percent absorption  Milligrams/Milliliter

1 Undiluted 705 2,01

1 1:10 14,9 0e20

2 Undiluted 30.8 0.47

2 1:10 LT 0408

8 12 18,3 Oe24

2 115 Bel 009

3 Undiluted 8046 136

3 13 4.l 068

8 138 2841 027

3 1110 12,1 Qelé

4 Undiluted 65.8 1,53

4 1:2 44,6 077

4 134 38,3 Co6l

% 1316 E2.Y 0381

% 1:10 12.6 0,15



80 -

Turbidity
in
Percent
Absorption

- e v . " s

0.4 0.8 1.2 1.6 2.0 2.4

Dry welgzht in #illigrars per Milliliter

Fieure 2. Turkidity = Dry %“eight Curvs.

QOVO
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BUBST RATE CORCENTITIORS Uxygen consumption values for

B, subtilis respiring in the presence of various coneentrutions of
glucose ere listed in Teble X1II, IJimilcr tables are presented for
formate (Tsble XIV) and for suceinate (Tuble V),
IHHIBITORS Velues for the oxygen counsumption and curbon dioxide
liberetion of H, zubtills respiring ox the verious substrutes end in
the presence of various coneentrutions of inhibitorse are shown in
Tables AVI to XiX inclusive, Zach individunl table presents the
saseous exchunge velues for non-prolifereting eells of B, subtilis
mnetadbolizing on one substrate in the presence of one inhibitory egent.
The data for chloretone is & special ouse as the changes in the levels
of the manometrie fluld were not consistant with changes observed with
the other inhibitors, The data for ehlerstone is contained in Tubles
EXXT snd XZXII snd is disoussed on pages 118-119,

The deta menticuned above are presented in grapblesl form in
Figures 3 to 58. The grephical representstions are of two types,
Figuread to 27 sre bor disgrems in which the totsl subie aillimeters
of pas meusured sre plotted sgeinst concentrations of the inhibitors.
Figures 28 to U2 are bar diegrams in which the values for the ses taken
up or libersted wre expressed in terms of per cent of ges congumed or

liternted compsred with the comtrol flssk {no inbhibitor),.



Tine in

Hinutes
4 {replicate)

G «l8

15 - 30

30 - 48

48 = 60
Totels

B {replicate)
0 =-18
15 - 30
30 » 45
45 = 60
Totals

Table XIIX

despiretion of s
1.5 mge cells on GIUCOSE

0.001

ERB 8 B

25
25

£

0,008 0,01 0,05 Oeld
Oxyeen Volumes in Cublie Millimeters
20 16 21 a2
26 31 22 20
87 26 2% 25
a8 28 2 2
99 i 87 20
24 25 20 S
22 22 20 24
26 23 21 24
&8 28 &% 2
95 98 85 92

lioles of Glucose

0.5

18
17
19

iz
7

1e
19
v

- =
g o

1.0

sk o5 &

10
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Teble XIV

Respiretion of Iugillus subtills:
1,5 ag, eells on FURMATE

Time in
Minutes
Holes of UGlucose
G 01 0,08 0.1 Q5 1.0 240
Uxyzen Volumes in Cubisc Uillimeters
& {replieate)

0 - 18 24

30 30 26 24 16
16 - 30 22 26 34 z8 30 20
30 - 45 14 20 24 28 22 20
Totals 76 98 98 108 102 74

B (replicate)

O =15 4 24 25 28 28 b4
15 - 50 20 86 U1 30 38 24
0 - 45 186 26 31 a8 26 23
48 = 60 & 28 30 38 2 19

Totals 73 104 117 114 112 a8

440

18
10

59

&l B 8B 5
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Toable XV

Zeopiration of Laglllug subiilia:
34,0 nmzy. 0ells on SUNCIN.TE

Timo in
Hinutes
Holss of Sucoinate
€, 001 0,01 0.l Oe2
Uxygen Volumes in Cubie lillimeters
4 (replicste) '

0 ~30 4 13 17 31
30 - 60 8 1n 17 58
80 = 90 £ i 2 K

Totals 16 85 o4 108

B (replicate)

0 - 30 3 12 16 29
30 -« 60 7 1z 15 23
£0 =~ 90 -2 Py 1] 22

Totals 12 28 49 94



Time in

Minutes Ug

A {replicate)
0 ~-15 )
15 - 30 54
30 = &5 33
-8 3
Totals 138

B (replicate)
0 =15 27
15 « 20 28
30 » 45 38
45 - 60 28
Totals 116

C (replicste)
0 = 15 19
15 = 30 17
30 - 45 19
45 = 60 -2
Totuls 76

- 5ot determined

45

Table VI

Hespiration of
1.5 mg. celle on GIVCCUSE in presence of UYANIDE

w

G0y

3%
38
39

22
155

34
30
3%

24
155

A EER

Holes of Votesaium Cyanide

0,000 0,001k 04008 0, 01K
Cas Volumes in Cubdle ¥illimeters
0g Cog O 0 Cog 0Oy OCog
28 35 ® - - 7 -
31 40 28 - - 8 -
32 40 a7 - « 8 =
-2 28 24 B il e i
126 161 120 - - 2 -
« e« n 4 - 8 10
- - 2 19 - 10 14
- - a 20 - 7 u
-t AR Al S i A
- - 108 0 - 30 41
- - 10 1 2 5 -
- - 14 13 18 5 -
- - is iz 19 8 -
T S | 0T N | S R
- - 58 56 77 84 .
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Table XVII

fespiretion of Mﬁxuami
1.5 mg. cells en FORUTE presence of CYiNIDE

lolas of Fotassiun Cyanide

0 0.,00001°  0,00008 0,0001 0,001
Time 4in éu Volunes in Cubie Millimeters
Minutes O, O0g Gy g 0O Wy Gy g 0Oy g
A {(replicate)

0 =18 24 78 28 - 8 30 S - - -
156 - 30 20 46 20 - 4 28 3 - - -
30 « 40 26 42 18 = g 26 1 - - -
£3 260 A M M= 42U 1A .= 2=

Totals 86 208 % - 5 98 10 - - -

B (replicate)

0«15 28 39 17 = 19 - 7 - 1l 5
15 - 30 20 o9 16 = 15 - 2 - 0 0
30 - 43 18 4 4 - 16 = 0 - 1 1
45 = 80 AR B Al k2 -3

Totuls 7% 159 60 = 58 e 10 - 3 $

¢ (replicate)

0 =15 84 61 R = 82 - & 10 - -
18 - 30 18 39 18 = 22 - 0 4 - -
30 « 45 20 41 16 = 18 = 4] 3 - -
45 = 60 A .8 B = B = AR aa

Totals 74 160 70 - %6 = 6 =3 - -

- not determmined



540 mge vells on SUCCINATE in presence of OVaNIDK

Time in
Einutes

A (replicate)
0 -« 30
30 - 60
£0.=90
Totals

B (rerlicate)
0 =« 30
30 - 60

60 = 90

Totuls

¢ {replinute)
0 - 30
30 - 6C
£0. =90
Totuls

= not detsrmined

1

8k s

11

¢ k

gl 5 g

=i

Table XVIXI
fespiration of Bagillus sybtilis:

Moles of Potessium Cyanide

Gusowlmn inocubic #11liseters

0,000 0,001
2 2
28 -
a6 -
B, -
b -
- 1¢
- 7
- - ¢
- 43
- %8
- 33
- -]
- 93

0 005K

-
&

L

L ') L]

s k & s

0.0

Op

18

8l -
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Table xIX

; ieupiration of Iweillus subtilis:
1e5 mge cells on SAUCOSE in prescnce of URETTHANE

Yoles of Urethane

ox 0,00LE 0,01 0,55 1,08
Time in Oes Volumes in Cudble Eillimeters
¥inutes Og C0g O Wy Oy 00y Oy COp Gy 00

& (replicate)

0«15 28 36 28 = 30 - - -  § 3
15 « 20 26 36 5 - G - - - ¢ 2
0 - 45 32 40 30 - 37 - - - 0 0
45-60 24 89 8 o 2 .= = = 0 0

Totsls 110 140 1186 - 11l - - -  § 8

B (replicate)

O =13 30 28 - - H - 82 = 0 0
15 -« 20 26 33 - - 0 - 18 = Q 0
30 - 45 3% 4. - = 30 - 18 = 0 O
45~ €0 wlh R e o B e b B e L

Totels iz2 145 T - 115 = 6 - 0 0

¢ (replicate)

0«15 2 50 - - - - 8 a3 2 8
15 - 30 8 26 - - - - 15 19 £ 9
30 « 45 26 35 - - - - 81 29 0 2
-6 &8 8 .= .= .= .= 6.2 1 0

Totals 8% 182 - - - - 70 90 S 19

~ not determined
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Tims in
¥inutes Og 302
A (veplicate)

0«15 30 92
15 - 30 28 4
30 « 45 24 &8
45 = 60 24 82

Totals 104 286

B (replicate)

0 - 18 8 90
15 « 30 28 78
30 = 45 2 72
45 = 60 248 _$2

Totala 104 302

¢ (replicate)

0 - 15 34 7%
16 -« 30 37 80
30 - 45 31 b8
45 - 60 28 S

Totals 130 27

e not deternined

4G -

Table XX
Tespirvation of Begillus gubtilde:

1.5 mge 00lls on FUFNLTE in presence of ViETHARE

Eoles of Urethans

0, 0L Oo2u 0o bk
Gas Volumes in Cubie Eillineters
0, 00, O 0, COg
8 - 30 - -
% - 28 - -
24 - 26 - =
-2 = AR B’
94 - 102 - -
- - 30 4 -
- - 26 10 =
- - 18 & -
L 2. =
- - 98 88 =
- - o 28 27
- - - 85 38
- - B 19 24
= = = 28 .2
- = - 84 110

1,0

0, 00
2 -

0 -

1l -

L. =
4 -

0 2

0 ]

0 0

wikin. sl
O 2

1l &

@ 0

3 4]

Lk
4 6



Table XXI

fespiration of Bagillus subtiliss
340 mze cells on SUCCIHATE in presence of UiTiLlE

doles of Urethane

ol 0.0LK 0o i 058 1.0
Time in Gas Volumes in Cuble Mllimeters
¥inutes 0, O 0y Op Og
i (replicate)

¢ - 30 31 - - 13 -
50 « 60 38 - - 8 -
$0.=90 40 e il - il

Totals 103 - - 28 -

B (peplicate)

0 - 30 11 - a9 ) 6
30 - 60 3 - 27 3 1
0.9 A3 s =8 - e

Totals 36 - 84 13 7

¢ (replicste)

0 - 30 28 - 25 10 10
50 = 60 23 - 30 7 2
£0.=90 A =N - ] -t -

Totals £ - 88 21 14

- not determined
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Table XXIX

Reuplrution of Jesillue subbilias
1.8 mge colls on CLUSOGE in pressnce of CHLORAL HYDRATE

Eoles of Chleral Hycdrste

Cu Ca 003K Celli o 08 ColK
Time in Cop Velucoer in Cuble Nillincters
¥inutes O 00, Oy OOy O, OO0, O, CO; 0 00
& (replisate)

0 =215 S0 47 - - 29 = 28 - o 0
19 - 30 2 48 - - 6 - B - 0 4]
30 « 45 33 49 - - 50 - 12 - v o
L0 A8 = e B e A= 2L

Totels 129 1ez - = 128 = g7 = o 0

3 (replicate)

0 -3 29 42 - - 56 - 29 = 3 3
15 - 50 31 40 - - 3 - 27 - 2 i
30 - 45 33 48 - - B - 88 - 0 0
45 - €0 29 39 - - 3 = 22 = 0 0

Totals 128 169 - - 120 = 10, - 3 4

¢ (replicate)

0 =15 17 @6 - - - - 11 =25 0 0
16 = 350 18 20 - - - - n s83 o 0
30 - 45 21 &8 - - - - e 19 4] 0
45 = 60 LR 2 el AN LA

Totals 7% 94 - - - - 39 a7 0 0

- not datermined



Tize in
inutes 0g
A (replionte)

0 - 15 o8
15 - 30 27
30 - 45 a4
w-80 2

Totals 100

B (replicate)

0 =« 18 a2
16 « 30 38
30 « 48 32
45 =80 8¢

Totals 120

¢ (replicate)

0-15 30
15 - 30 3¢
30 =» 45 30
w-g0 30

Totals 120

- not determined

Table XXIXX

Regpiration of Boajllua subitiliss
1.5 mp, cells on POTUTR dn rrecencs of CHIOBAL BYDHATE

Koles of Chloral liydrute

0 0,001 0,91 0,08 0el
Gag Volumes in Cubio Millinzeiers
®g Og 0g COp 0y 0Op Og OOy
- - - 29 = 2 - 17 =
- - - 28 - £l - 5 -
- - - 38 - 20 = 13 =
- B e il i R 2 ..
- - e uz = M - 52 =
68 38 « 30 = % - 6 -
54 0 - H - 27 = 10 -
5 %0 e 50 = 22 - 6 -
A48 8¢ = 28 = A8 =, L2 =
286 180 - 118 - 0 - 34 -
60 - = - - 24 851 9 81
65 = = - - B 3% 9 20
64 - - - - 2l 40 & i3
- T T . B v Ak AL B B
£31 - - B - 81 167 a7 73



Time in
Hinutes

& (replicste)
0 - 30
30 - 60
£8.=90
Totals

B (replicate)
O =30
20 « 80

60 - 80
Totals

s (replisste)
O - 50
30 « &0
80 = 90
Totals

- not determined

e

Table X:IV

Hespiration of
3.0 mp, oelle on BUCCINATE in presence of CHLORAL IYDHATE

L]

31

It &

103

sk 38

2l 2 3

3

doles of Chloral Hydrate

0,001 0,01 0,08
Gus Volumes in Ouble ¥illimeters
0y Op Oy
- 158 1z
- 12 10
= -1 2
- 41 35
- 29 82
- 3 17
e -3 a4
- 93 88

Cul

oo o

iz



Tabde AV

-l

e pliubion of jeziting Lydlds
1ol nige o8lis an CILCUL 1:; presence of CHLCNOPOIM

holes of widorolorm

G e 002 Gl01 0.02
Time in Gas Volumes in Cuble Millimeters
Minutes Gg ©g 0p Wy U oOp 0Op OO

A (replicste)

0«18 2 95 &7 - 29 - 2 @b
15 -« 30 3 40 3 - 2B - 8y 27
30 = 45 28 28 4 = 29 = 22 28
46 - 60 28 29 27 = .26 _= _20 _20

Totals 115 140 108 = 1% - $2 04

B {replicate)

O - 15 50 W7 - - - - 24 29
15 « 50 29 35 - - - - 21 28
H - 45 93 38 - - - - 20 28
48 =80 W A SRS W S VO T S - |

Totals 119 14l - - - - 8¢ 105

¢ (replicute)

0«15 19 24 - - - - 20 206
15 « 30 17 20 - - - - 8 23
30 - 45 19 =26 - - - - la 28
8-60 B .24 = = .= .= 282

Totals 7% 9% - - - - 67 9

= not determined




Table AXVI

Respiretion of I

i

]

1.5 mge cells on FURMATE in presense of CHLOROFORY

Timo in
iinutes Gp

4 (replicate)

0 - 15 Bl
15 - 30 o
30 - 45 19
5-80 2

Totulse 79

B (replicnte)

0 - 18 39
15 -~ 30 568
50 - 45 58
48 - €0 23

Totals 132

¢ (replicete)

0 - 15 26
18 - 50 it
U8 - 45 28
£-60 20

Totals 94

- not determined

Koles of Chloroform

0 0,002 0,01 G, 02 Col4
Gas Volumes in Cuble Millimeters
g O0g 00 Oy 00 Oy 00y Oy GOy
B4 282 = 31 - 9 & - -
4. B = a - 8 38 -~ -
ac 0 - 30 - 17 a - -
il A A MR = s
152 03 80 - 70 128 - -
79 = - 36 - 37 = 39 47
7B - - 50 - 40 = i 8
£7 = = 30 - 29 = e 2
8 == B M kM
274 - - 13 - 131 - 72 18
54 - - - - 2% 50 18 &0
46 = = = = 32 43 12 31
48 - - - = 24 81 186 =20
B 2 = = A8 3 A0 A2
160 - - - - 8Cc 177 66 108



sespiretion of e

i

Table ZXVII

sabiiliss

540 mpe cells on SUCOIHATE in presence of CHLOROFOMM

Tiowe in
Moutes

A {replicate)
0 - 30
50 - 60
60 = 90
Totals

B {replicute)
C - 30
30 - B0

60 = 90

Totals

¢ (replicate)
O - 30
30 - 60
50 = 80
Totals
= not determined

]

21

ks

3]

a2

103

¥oles of Chlorofomm

0.008 0,01 0,02
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0y Op 0y
- - 28
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a8 29 £}
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Table <VIXX

Respiration of Begillus subtilig:
1.5 mae cells on GLUCOSE in presence of EIHER

Moles of Hther
0 0.,0088 0,026 0,13 0. 26
Time in Ges Volumes in Cuitic Millimeters
Hinutes g ©C0g ©Opg Qg 0Oy OO0y Oy COg Oy OOg
A {replicate)

0 - 18 20 88 8l = 3N - - - 8 36
15 » 30 51 3% 28 - 32 - - - 2 a8
30 - 48 M 39 27 - 36 - - - 1 3
45 = 60 £ D N e B =m 28

Totals 125 Mée 186 & 130 e - - 21 47

B (replicste)
0 =18 4 40 e - 31 - 28
18 - 30 20 3% - - 38 - 8
50 = 48 % 4 - = 3 27
45 - 60 S8 s B A BB
o 127 45 - = 13 = 99

¢ (replicate)

0 =15 20 2 - - - - 2 30 16 28
15 = 30 18 2% - - - - 14 23 5 13
B0 = 45 25 28 e e = = 20 237 0 4
&5 - 60 S 2 = = S SR R R
Totuls B8 M1 - - - - 67 99 21 46

= not determined
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Table XXIX

fesplretion of
1.6 mize cells én FORMATE 1:: presence o-t ETHER

¥oles of Ether

o 00026 0,026 0,13 0.6
Time in Gas Volumes in Cubie Millimeters
Hinutes Og COg O CUp Oy OOy 0 © 03 Og COg
A (replicste)

0 =15 2 a7 2 - L2 - - - 9 20
18 - 30 186 39 8 - 17 = - - 6 18
B0 - 40 7 38 18 = 18 - - - 3 ]
42 - 60 A B M. B a e B

Totals 72 139 4 - 69 - - - 18 45

B (replicate) ;

0 =15 20 48 - - 80 45 4 =- 2 iz
16 - 30 16 64 - - 8 43 14 = ¥ 0
3 - 45 24 08 - - 24 46 16 = 1 2
45 =00 L8 20 = = A8 28 2 = 0 2

Totals 78 180 - - 8 1T 56 - 3 21

¢ (replicste)

0 - 18 38 "1 - - - = 50 64 3 e
15 « 30 4 P - - - o 29 63 2 3

o
o

KO - 45 26 75 - - - - 25 43
48 = 80 < 80 = = ~ TR <+ . AR * N ¢ I
Totals 131 266

- not deternined



3.0 mg. cells on SUCCINATE in presense of ETHER

Tine in
Hinutes

i (replicate)
0 - 30
3C - 60
£0 = 90

Totals

B (replicnte)
0 - 350
30 - 60
60 = 90
Totals

¢ (replicate)
O - 30
30 - 60
60 - 90
Totals
- not determined
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Table XXX

Hespiretion of

sl

ls &

163

s bk s

8l 3 g

0,0028

Umes Volumes in Cubie Hillimeters

Op

Moles of Ether

]

0,086 GelB
Oz 0Og
26 -

-5 .
80 -
51 18
36 16

28 Y
95 49

V26

0z

gl o o Bl o %

koo

14
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Table XXXI

Typleoal chonges in smmnometric fluid levels odtained with Bueillus subtilds
vespirinz in the presence of formete and U,Ul8M chloretone.

Time in Clhences in nanometric fluid level in millimeters
0«15 14.6 10.2
15 « 30 15,92 10,0
30 - 45 15.2 68
45 - 80 15,6 4o?
Tuble XAXIX

Typieal changes in manometrie fluid levels obtained with Bugillus gubtilis
respiring in the presence of 0,018M chloretone

Time in

linutes Flask vith & Flask without KOH
O =15 18,8 08

15 - 30 8043 1.6

30 - 48 184 06

45 - 80 lé.8 Oed
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Figure 3. Oxyzen consumption by Bacillus subtilis:

1.5 mg. cells on GLUCOSE in presence of CYANIDE,
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Figure 4. Carbon dioxide lihberation by Bacillus subtilis:

1,5 mgs cells on GLUCOSE in presence of CYANIDE.
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Figure 5. Oxygen consumption by Bacillus subtilis:

1,5 mg. cells on FORMATE in presence of SYANIDE.
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Figure 6. Carbon dioxide liberation by Bacillus subtilis:

1,5 mg. cells on FORMATE in presence of CYANIDE,
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Figare 7. Oxygen consumption by Bacillus subtilis:

3:0 mg, cells on SUCCINATE in presence of CYANIDE,
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Figure 8, Oxygen consumption by Bacillus subtilis:

1.5 mgo cells on GLUCUSE in presense of URATHANE.
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Figure 9, Carbon dioxide liveration by Bacillus subtilis:
1.5 mg. cells on GLUCCSE in presence of URETHANE.
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Pigure 10. Oxygen consumptiomn by Bacillus subtilis:

1.5 mgo cella on FORMATE in presence of Urethane.
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Figure 11, Carbon dioxide liberation by Bacillus subtilis:
1.5 mgo cells on FORMATE in presence of URETHANE.




=70~

300 -
200
Oxygen
Uptake
in
Cubic
Millimetera
per
BHour
100 -
--‘b‘m
I I
o' lalslc B!C ! lalBlc! ¢ !
0 o} oD 1.0
¥Moles of Urethans
Figure 12 Oxygen consumption by Bacillus suhtilia°‘

3.0 mgo colla on SUCCINATE in presence of URETHANE .
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Fleure 13, Oxygen consumption by Bacillus subtilis:

1.5 mgo cells on GLUCOSE in presence of CHLORAL HYDRATE.
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Pigure 14.

1.5 mg. cells on GLUCOSE in presence of CHLORAL HYDRATE.
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Carbon dioxide liberation by Bacillus subtilis:
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Figure 15, Oxygen consumption by Bacillus asubtilis: 1.5 mg.

cells on FORMATE in presence of CHLORAL BYDRATE.
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Figure 18, Carbon dioxide liberation by Bacillus subtilis:

1.5 mg. cells on PORVATE in presence of CHLORAL HYDRATE.
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Pigure 17. Oxygen concumption by Racillus subtilis:

3.0 mg. cells

on SUCCINATE in presencs of CHLORAL HyDRATE.
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Figure 18, Oxygen consumption by Bacillus subtilis:
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