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ANSTRACT

The fermation of hydrexamic weids from blologicsl meterial may
proceed by either enzymatic or non-~enzymstie resctions. Conditions
are presented that sllow the use of hydroxylamine in blologleal syse
tems to messure non~enzymetically the amount of resctive anhydride
and thiol acyls present, with subsequent separation of these inter
medistes. Heaetion of hydroxylawine with the high energy thicl
acyles is shown to be rapld snd quantitative. Evidence is presented
showing the optimum concentrzilon of hydroxyiwine in determining
enhydrides and thiol scyls while eliminating carvoxylic esters from
resction. A method 1s deseribed for specifically inhibiting the
enzymstic resetions, and :lso & complete procedure for the quantitaw
tive recovery of hydroxamates formed is given. The procedure cone-
aists of heat inzetivetion of the enzymes with subsequent quantite~
tive fractionation of intermedistes. Aleoholie filtrates of reaction
mixtures allow the preparation of concentrates suitasble for chromato-
graphic analysis snd radiosssay. Procedures are presented describing
twe different methods of sssay for radicactiviiy on paper chromato-
grems. Hxperiments are described which show the amount of thiol
seyls present in iiver tissue of fasting rets znd the degree of ine
eorporetion of radicsetive &.ﬁaté@‘w&—l’*ﬁi&} imte‘varicaw fractions of
rat liver homogenate. Conditions are presented thst reflect the need

for more precise definitions in reliation to our concepts of the size



of & trucer dose of radicactive muterial. Attespte are made to
define a tracer dese and date are presented to verify the statements
made., Part of this study is a continuation of work presented by

Hs Jo Brerson in a thesis for the ﬁasﬁur of Science Degree (1957) in
which be conducted an acetate—luciu eoncentration study and followed
the incorporstion of this isotope inte csg, cholesterol, and fatty

soid frections of rat liver slices.



CHAPTER X
INTRODUCTION

Preliminsyy Remarks

The history of science w»ill long record the date 24 February, 1896,
It was on this day that the Frenchman, Henri "ecquerel, reported his
first evidence of the phenowenon that was later to be terwed radloace
tivity. The pro-lem of determining the nature of the emitted radise
tiong and the subsequent development of ocuyr present concepts is a
familier story 4o wost. That seientifie horizons have been greatly
extended by these develompwments in radiosctivity is qpéstianed Ly none.
The present thesis is & result of the application of radicisctopes to
retabollic pathways.

Within = relatively short period three maln avenuaes have been
opened for the applieation of redicisotopes to biology snd its ree
lated sciences. The {irst of these svenues has been the medical use
of radiclisotopes in the dlagnosis of disesse. The dlagnosis of thye
roid dysfunction from dats ohtained by the "uptake" of llBi by the
thyrold glend may be cited as «n example. The second avenue of zppiie-
cation in medicine has bren ln the sctusl treastwment of disease, such
as the bombardment of cancerous tissue Yy some radicsctive source.

The third zverme, snd the one from whieh the first two had their be-

ginnings, is the use of radioisotopes in basie blological research,



The mechenisms of intra-cellular synthesis «nd resctlons of
complex moleculss in metabelle pathways are wimost universally being
studied in some aspeect by the use of stable or redioactive isotopes.
The ability to lebel orgenic snd inorgenle compounds with isolopes
hus made possible the elucidation of proilems which sould not have
been attucked prior to this new &ra.

The use of isoctopes has been in the psst and promises to e in
the future a most poverful tocl in the hunds of the compelent sclene
tiste It must be remembered, however, that this new methed of study
does not make the problems studied sny less complex, on the contrary,
it adds complexity in new anslytieal teeliniques te already complex
situations. From this complexity are beginning to come well defined
aress of resesreh and well defined methods or technicues of approach-
ing biologlesl problems. This thesis is concerned with one of these
sreas; lipogenesis, and the defiming of tracer conditions or "tracer

methodology™s

3 of enesis

The productive research of lipid metabolism started in 1904 with
¥noop's hypothesis of the bets-oxidetion of fatty ueids, tut it was a
full £ifty years before his hypothesis wes born out by studies of in-
dividual engyres. Green(1) hos divided this fifty years into three
periocds:
l- 1904-1939, when fatty acid oxidation could be studied only et

the level of orgunized or intact systems such as the vhole animsl,

the perfused organ, or the tissue slice.
Ze 19391954, when fatty seid oxidation could be studied at the mito-

chondrial level.



3= 1952 onwerds when fatty acid oxidetion could be reconstructed in
non~sitochondrial and sclublie enzyme systems.

Racop's experiments are well known, but being classies, are
worthy of repetition., Fnoop fed omegs-substituted phenyl fatty acids
to animals and then isoleted various metabolie end products from the
urine., Depending on the chain length of the fatty acids fed, odd or
even, he could isolate hiprurie or phenylaceturie zeid in the urine
of the experimental animals., These products being benzole or phenyl-
acetic acid econjugated uith glycine, IKnoop explained the zppesar:nce
of these end products s the result of degradstion of the aikyl side

chain by two carbon clesvage «s follouws:
PhenyleCH,CliaClipCHoC0CE ==y PhonyleCH CligCuUl -y Fhenyl-COCH

Enoop then postulsted the following sequence (arrived st independently

by‘ﬁakin(i} in 1912):

BemCHoCHoCOOH wmmmsy BeCH{OE)CHRCUOH mwwmy HeCH=CHCHZCOUH

0
ReCH=CHCH,CO0H  wmmesy KelGHp000H ~—mp ReCOCH + CHyCOOH

During the interim of Ensop's hypothesis of beta-oxidation end
the reconstruction of soluble enzyme systems by muwerous warkars(iﬁz'g'“)
& grest decl of research has been recorded, Howhere in this recorded
work is there unequivical proof that fatty celd synthesis is the roe
verse of fatty seld oxidation. Creen has shown that the reactions
in his reconstructed enzyme systems are reversible, thus providing
& meens of building long chain fatty acids from C, units. Host
workers consider, &s a working hypothesis, that synthesis is the

reversal of oxddation, end until someone shows the contrary it will



undoubtably remsin a common hypothesis, There have besn uttempis to
show that oxidation and synthesis teke place ut different geographi-
ecel locations within the cell{b), but this experimental work is open

to some gquestlion.

'y

etivation

Adcetate

The oxidation of fatty acids wecording to current concepis ine
volves the formation of an Mactive scetats" which can be defined a8
& C, unit which is esrsble, us one of its functions, of condensation
with oxalacetzte to form citrate and so enter the triearboxyiie aeld

(6)

cyele
1ﬁ§mmnn{?’8} end HAs collesgues anncunced the partiecipation in
scetyiation reactions of an entity which they termed Coensyne-i
(1okB=lG), and later iynen, Heichort, and Rueff (9} identified fe%t¢¢-
S-Coi &5 the "active" form of acetate (1951i). These azsccverxe» and
the subsequent extensive studies of beta-~oxidstion of fatty seilds led
to the resliisstion that futly sclds are metsbolized as Coenzyme-i
dﬁri?ﬁﬁivgﬁilo’ll}. The Tinding of Lynen et al coupled with those of
IApmann end Ochos and others, that established acetyleS-Col us the
sctive form of ucetate, have wlso shown it to be an ester in which
the acetyl group is bound in a thiol ester linksge to the thiole
ethanolemide of pantothenie seid. The wecepted formula for Co-

(12}

engyme-i is as follous

- )
i i, HO-F=0

HC G -H CH.
1 | e [ o¥on ¢ ¢ H|Oh HER BHE
-l %e-a-mswc»ff-smc-»a..l»~c-§=-a-e,-e~c~e~zt- ‘«c-{r- ‘r»qua-ssz:

bhEut om 0B B|G£O BHO EE
CUB



Once a fatty coid is converted to its scyl derivative and is
seted upon by & mitochondrial system, the next reecognisable products
are citrate or acetoscetic seid. It is presumed by most that the
aeyl-S=Col intermediates are enzyme bound. The dissoeliation of the
fatty acyl-S«Col's from the surface of the enwyme is so slight that
it doss not allow their equilibration with their free fatty sclds
and consequently ne intermedisry seyl-S-Cod derivatives sccumulate
in signifieant mnts(u}, In & soluble engyme system it is possible
to iselate most sny desired acyl-S-(oi derivetive., The predominance
of Gy and Cyg fatty acids in marmelisn lipides may be due to the
faet that the aoyl-S-CoA of only these particular seids disscclate
to a sufficlent degres from combination with the enzymes of the
fatty seid oxidising system so as to become available for earboxylis
ester mthmu{“);

The current concepts of fatty scid synthesis invelves the acti~
vation of seetis acid to "sctive seetate” or scetyl-S-Coh and conden-
sation of the latter to form fatty seids and cholesterol. Common to
several of these pathways are zotivated Coenzyme~A intermediates of
vorious scids similar to secetyleS«Coh.

A nuwber of different mechanisms are known for the activation
of acetate. One pathwey found in miercorganisss only is imitiated
by the phosphorylation of acetate with adenosine triphosphate (ATP).
This resction is catazlyzed by the snzyme wctaki.nau(uilé}.

Another enszyme, phosphotrznsacetylase, is responeible for the trans-
fer of the acetyl group to W&{W*m). This reaction is as
followst

ATP +  Avetate ey Acetyl-PO, + ADP
deotyl-PO, + CoASH Gowm=y  AgetylefFCod POy,



dotivation in mammalian tissue end yeast have been shown to w&ar by
way of & differant reaction, This involves the reaction of adenosine
triphosphate, amtafe, and Coenzyme=ji with the formation of scetyl-
S«Cod, sdenosine diphosphate and pyrophosphate and has been termed
the sceto-Colekinase resction

ATP + joetate + Coengymewi ~=w=ep AoetyleS-Cod + ASP + PP

From a recent investigation by Btna?) into the mechanism of this
resgtion hus come the new scyl-sdenylate method of acetate aetiva«-
tion. Berg proposed a primary resction of adenosine triphbosphate

and seetate to form & compound "adenyl-ascetate® and its subsequent
resotion with Joengyme«~i to form seetyl-S-Coi as:

AT?P 4+ Acetste e~~~y jdenyl-apetate + PP

Jmka(m) has reported the formation of adenyl-cctsncate from pig
liver enzymes., It seems possible that acyl-adenylate formation may
represent a gensral mechanism for the activation of fatty zelds.

Three enzymes in snimal tissue have been demonstrated that
ecatalyse the following reaction:

Fatty seid + ATP + ﬁommn».& 4wwedy FattymacyleS«Cod + AMP + PP
These three enzymes sre elassified by Gremu) ast
le Acetate setivating engyme {speeirie).
2= Short chain setivating enzyme (Cy - Cy,).
3= long chain activating ensyme {(grester than C;,).



There is cne other activating enzyme and it is specifiec for sceto
soetic azeid snd other keto scids. The short chain setivating ensyme
works on the alpha<beta unsaturated seids and to scme extent on betaw
hydroxy zeids, but beta-keto apids are unaffected.

With the foregoing i.ni‘émtﬁ.on 2 schematic diagram of fatty aecid
synthesis in memmalian tissue can be devised which is aceeptable to
most workers in the Ihid. As stated esrliier, thisz scheme is nothing
more than the reverse of fatty aecld oxidation and will serve as @
working hypethesis,

| The next stdp after activation of secetate is its condensation
to form seetoacetyl=S-Coi whieh is mediated through the acetcacetyl
thiclase encyme or more commonly celled the condensing &W(a'z‘?)‘

, 9
2 CHy00mS=C0h <mmmp CHylCH,00-S-Coh + CohSH

deetoscetyl=S-Cod 45 then converted to the beta<hydroxy acid by the
addition of s hydrogen maﬁ the emzyme involved in this sequence is
beta-hydrosytutyrl W,(ﬁ)

31133633&]‘-5-»60& ﬁ G%GH(OH)CHzm-Swm

The next step in fatty seid synthesis is the formation of erotonyle
S«CoA which 45 the alpha-bets unsatursted form of butyrleS-Cod and is

praomoted by the sngyme :crotomu(zi’).

CHACH(OH) CByCO=5-Cok :ﬁ CHyCH=GHCOm3CoA

CrotonyleS«Coi is next converted to butyri-S-Coi via the enzyme
v systén batyrl dahydmgvnan(gs ).
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TPH
CH=CHCO=S=Cod «lmmyp CHaChsCHoCOS=CoA
e - b a4

This sequence of events is then repested adding scetyl-S«Cos units
to the preexisting aeyl~-S«CoA moities and proceeding on to leng
chain fatty scids. ‘ 1

Because of the central position of seetete in intermediary
wotabolism almost any metabolite may 'bt considered as a potential

souree of earbon for fatty seid formation.

N CHBGGG:
o~ heetate ™
1= ] e
o CHLC0u2wCok M
P ’ &“@1‘“0& VS
#
7 CHBCOGngﬁ N
Z seetogcetyl«SeCol .

3 o o 300 o
Tricarboxylie CHo CH{OE) CHpCOwSCod Cholestercl
Ac&d wQHebutyrl-S-Cok

QME&J-S-{:&A
tonyleS-Colk

i
CHpCHa00=SwCoA
, w’mgl;z-m

W
Cli5( Clip ), COCHoCOwEmCol
m.:»-wlnm

¥
CHg{ CHp ) CHOHCHpCO=3=Colt
beta~Oi~aoyles-Col

]
CH3{ CHz ) CR=CECERCO=SwCok
Trans-g, bedehydro-agyl~S-Coi

#
{CH.), C0-5=Cod
%Aﬁi&fm
]
Acyi-adenylate
Fatty %&eid



As can be seen from the sbove scheme, there are s variety of
thicl acyl intermedistes in the synthesis and cxidation of fatty
acide according to the accepted pathway. In our study of intermeds
iates in lipogenesis, it wae dsair-d te obtain means of quantita=-
tively determining some of these thiecl acyls common to this pathway
sand isclating them if possible. It wae also desired to measure the
specific activity of same of the thiel aeyl precursors of fattly
acids using rediosctive a«umlacm;

Hydroxylamine has been used by meny investigators as a2 trapping
sgent in emsymatie veactions(27+28:29,30), mhe litersture alse con-
tains considersble information on the relative resctivity of carboxe
yiie derivatives in organic solvent systems. An investigation wes
conducted in this laboratory to ascertain if this reagent could be
used to sonvert, non-engymsticully, some of the thicl aeyl deriva-
tives in an aquecus medium to their respective hydroxsmie seids.

Hydroxamie aeids were first deseribed by Lossen in 1869 when
he observed thet they could rearrange to fbrﬁ iso~cyenates (Lossen
rearrengement). The analytiecal possibilities of hydroxamie seids
came to the fore in 1935 when Feigl and soworkers reperted on 2 spot
test for esters and snhydrides, MHis test was based on the soler
resetion of hydroxamie uecids with ferrie chloride solutions to form
purple colorsd complexes. Sinoe that time the resction with hydroxyl-
amine te form hydroxsmie acids hes besn used to deteet and determine
many types of esters, emides, anhydrides, nitriles, sulfonic acids,
aldehydes, ste.(31:32,33,38,35),



Evidence has been pmnmhd(%) that hydroxylamine under
specified conditions will s’alwtivaiy form hydroxamstes of watere
dispersed thiol esters while the conditiens will vaxc}.uda from reac-
tion, earboxylie esters. It was felt that this particular reaction,
coupled with the formation of a colored complex with iron, and the
separation of hydrozamic scyds by paper chrmm would give us
a sengitive tool for studying the acyl=8-Col intermediates formed
during the intracellular synthesis of lipides.

Work in this leboratory has shown that the wmount of aeatat-—.lwcl’“
ineorporated inte the lipides of rats veries with the period of faste
ing prior to the administration of aecetate. This is true in in vivo
emrmm{f‘v‘?} as well as in ﬂm{:’a). This beurs cut the fact
that fasting, as & togsl in the study of fat metabeliam, is & variszble
to be secounted for in any study of lipogenesis. A pertion of the
experimental data of this thesis shows the effect of fasting upon
the coneentpration of aeyl-S<Coi intermediates in the liver slice of
rats.

Farther work in this labur&tnry(%} hes shown that a2 more eritie
ezl evalustion of "tracer® conditions is needed if the total flux of
acetate ecarbon into virious lipid fractions is going to be measured
and eompared with other work. It has become apparent that much lower
concentrations of acetate sre needed than heve beem in common use in
most laboratories if the systems beling studied are not to be influe
enged by the tracer being employed, Part of this verk is to eluei-

date the meaning of “traeer conditions” and snother part is an at-
teapt to show where the pathways im lipogenssis are affected when



tracer conditions are viclated by the incressed concentration of
sestate. It was thought that if redicsctive acatau*l-»cl& could

be presented to liver slices of animals which hed heen trained to
feeding, that the radiozctive intermediates trarped through the use
of bydroxylapine would give insight into the mechanism of intrae
gelluler synthesis. At the same time, guantitizatiom of one or a
few of thess intermediates might «llow some treatment of the rela-
tive retes of synthesis end the varisbles which affected thess rates.

The first problem considered was the quantitiszation of thiol
acyls by the formation of hydroxemie aeld derivatives using hydroxyle
amine s resgent. This resction is shoun to be rapid and quantite-
tiva. f:enditione %ill be presented that will allow sneymatie or non.
engymetic formation of hydroxemic seids depending on the purpose of
the study; the trapping of intermediates or the determination ef &~
mount present at & given time, The problems of isolation znd separs-
ticn of these derivatives from blolegiesl tissue were undertaken with
good results, Solvent extraction was found to Le satisfactory for
isolation and peper chrometography gives & good method for separa-
tien of the hydroxamiec acids formed. Methods for determinin:. the
amount of radiosetivity associated with various derivatives on the
peper chropotograms is pregented and disoussed.

The next large area of work invelves the following of tagged
molecules, aeetate«-l—cl“, into the varicus intermedistes of fatty
aecid end gholesterol synthesie, The purpose of this study wss en
attempt to batter understend lipid synthesis, tut also to demons
strate the intermediates which are mest suseeptible to incressing
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concentration of zcetate. It was felt that if we could “push® our
system to its cepscity, &8 regards its wtilization of acetate, then
we could isslate intermedisates which were inecrsasing in taﬁxi amount
of Cm incorporated from the sdministered amtata-lwm. Studies
wers also made that give verificsiion to the fzot that & compartment
size can actuslly be increased by allowing this particular system
access to "larger® quantities of vcetute. These "larger® quentities
are shown to be much less than muny people vould eonsider te be suffl-
cient to affect the system. With this information it is felt that
more definitive ststements cen be nade 25 regards tracer conditions

ard perhaps & better understanding of tracer m-thodolopy will ensue.



CHAPTER IX
BXPERIKENTAL

liethods snd llaterlels

Exeparstion of Derdystives
To indtiate & study of blological intermediates by the formation

of some derivetive it is desirable to have at hand samples of the der-
ivatives which are expected to Le encountered in the biological system.
That carboxylic esters can be converted to hydroxsmiec acids has been
shown by many mthurl;(”'m*a'“m

ReCO-OCH,CHy  + WHyOH wmmeddy R=CONHOH + CHyCHoOH

From Mgliw ) came the information that the product of this
resetion gave a eharacteristic red-viclet coler when complexed with
iron, Thus, there is aveilable 2z method of preparing the hydroxamie
acids and also a method for deteecting and determuining the amount
formed. The actuval preperstion of a variety of hydroxamic seids was
carried out using the methods of Y. Inoue snd ¥, Yukawa'™), Since
we modified the original procedures and since the original papers
are in Japapess®, en cutline of a procedure for synthesising these
compounds will be vresented.

The retio of molar quantities used in these preperations vere
as follows: ester:WH,OMiROH, 1:1:2, The velumes of solvent ethenel
and methencl é:as varied, but the retio of the wethanol to ethanol

was maintained at epproximetely 1:2.

——

* Wa are grateful to Dr. Takahashi for his kind assistence in
translation.



1~ Sterrobydroxeeie leid, Meleeular Vt. = 299, (Cy5).
Bydrexylesine hydroehloride, 0,86 greams, iz dissolved in 13
rl. ef sbsoivte methemel and 30 ml. of sbsolute ethanol. Methyl
rha.rais. 2ol grams, 1s sdfed to the solution and then L0 grems
of potossivm hydrexide is dissolved in 3 minipus of shsclute
alechel ard sdded slowly with sheling, & white precipitete {ZO1)
cecars instantly. The Plagk &¢ sesied with & ~ubber eerd ccvered
with pareefili end left st reom tewperature,. & more copious
white rrecipitete, the rotaseium salt of the hydroxarcte, forms
op standing, After a sufficlent length of time, %€ houvrs, this
solution and preeipitete are cooled in ice and filtered while
eoid. The precipitote Lo weshed with vater and dried. The dried
rrecinitate 1s diseolved An 10 nl, of ethanol ond noutrslized,
firet with slechealie 01 2 ¥ ard then aleobeolie scetle sold mixe
ture untlil the solntion bepores slightly acld to conge red,
Petroleux ether, 15 nl., 48 sdded to this solution gnd the mixe
ture cosled in ice resulting in erystallization, After recryse
tallisation two more times a2 deserited shove, stearohydroxisic
avdd van ebtained with & melting point of 108 degrees. (Theo=107).
Gtearohydrexasic acid is essily soluble in sicohol and scetone
wher wormed, but !.mh.'h in petroleun ether and uster.

&= Tolnitohydroxamic ield, Moleewlar We. = 271, {Cy4).
Palmitohydromania cold was prepared by tse sane procedurs se
prasented for stesrohydroxanic whbdd, After reorystallizing
twiee with aleohol and petreleum etber, paluitohydroxamic acld
was obtained having s melting point of 103 degrees, (Thec~l02).



Salubility of this compound is about the same 28 stearohydroxzamie
aeid.

Myristohydroxamie Acid, Molecular Wt. = 243, (611,).

This ecid wus prepared as the previous ones except water was
used &s the precipitating sgent rather than petroleum ethar.
ifter reorystalliszing twice with water, myristolydroxamie acid
was obtained having & melting point of 100 degrees. (Theo- 98).
Myristohydroxeasde acid is seluble in aleoohel, wmethamol and ace=
tone, It is inscluble in petroleum ether and water.
Laurohydroxemie Aeid, Foleculir We. = 215, (Gy,),

The same procedure was followed as for myristic with the execep-
tion that the first reaction mixture was meutralised with cold
sleoholiec ECl and the KCL was filtered off. The filtrate wes
¢ondensed at & low temperaturs énd pressure and acidified to
congo red by the addition of alecholic acetie aeid. The filtrate
was then cooled down rapidly and cold water added. The preeiple
tate formed was filtered and washed with water and dried. ifter
mmn:l.zmg twice with aloohol and water, leureohydroxamis
acid was obteined with & melting point of 95 degrees. (Theo- 94).
Laurohydroxsmic seid is sasily soluble im aloohol, wmethanel and
acetone; soluble in ether; inscluble in pstroleum ether and water,
Ceprichydroxamiec Acid, Moleeular Wt. = 187, (cm).

The same procedure wuas followed &s for lewrohydroxamie acid. The
acid was precipitated tulece with water and washed with petroleum
sther. Capriohydroxamic secid was obtained with a melting point
of 89 degrees. (Theo- 88). Capriohydroxzemie seid is easily

iy
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scluble in sloohol snd seetone snd highly soluble im sther snd
insolubis in petrolelun ethor and wstar,

Gaprylohydroxasic ield, Neleewlsr We. = 159, (Cg).

The saue procsdure wes followsd as for the previous two scids,
Caprylohydroxesic neld wes preefipitstsd vAth putralewn sther

&nd waters The aeid was recrystellised tudee und s corpound
obtained with a melting point of 81 dorrees. (Theo=80). The
derivative wse seluble in aleohol and sostome, 22iphtly scluble
in uater and iasoluble An petrolews ether,

Caprohydromamie Acid, Moleeular Vi. = 131, {cé).

The same prosadurs wes followed s for the previous tus seids,
However, no solid caprohyerovamie seld wes cbtained, I fiay
carrying out the sntire prosedure sud fillering off the ICL,

2 solution of ~aprobrdrowmte reid wae obtzined, Loter inslyede
ehoved this solution to cortain 8.2 uwMols of hydroxemic scid per
El, of stoek sclution,

sostobydroxamie Aeid, Holeowlar W, = 75, (C,).

The preperation of sectolydronude avid was toe most a4fficelt

oo the proeedure will te given im detell, Iydroxylamine hydres
ehloride, 1.2 grums, was ddsselved in 33 al, of wbeslute methbancl
endt 40 ;). of sbaclute sthamel. To 20 nl. of ethuncl wes edded 2.5
groes of potessiun hydroxide, Tuo grexs of stiyl seetsts uas edded
slowly wnd with shakling. 4 white precipitate I@M Ledisntely.
The presipitate was filtered off asod gave ne aydromsisale test with
ferris chlorids color resgeat. The fllivate give a strong test.



The filtrate was made slightly aeld to congoe red and a preecipitate
formed immediztely whieh was cooled and filtered. The filtrste
gave a strong test with ferrie chloride test resagent, but the
precipitate geve none. The filtrate was placed in the refriger-
ator and cooled after the addition of a few ml, of petrolewm
ether: No precipitate was evidenced after 30 mimutes of frees-
ing temperature. Acetone was added to the solution, and a milky
precipitate formed immediately. The solution was again placed
in the cold. After standing two hours the precipitate wes file
tered and there was mo reaction of the precipitate with the color
reagent. The filtrate gave a strong positive test for hydrox-
amate, The filtrate wes sgein placed in the eold end allowed to
stand over night. No further precipitate was obtained after 12
bours in the cold., The petroleum ether was blown off and the
aleohol volume reduced under pressure. Acetone was sdded to this
solution and the solution wes then wmede seid to congo red. After
@ considerable quantity of zeetone had been wdded a ourdy, milky
precipitate formed and the flask was immedistely placed in the
cold. After two hours the precipitate wes filtered., The preciw
pitate gave no test with ferrie echloride, but sgain the filirate
g&ve a strong positive reaction. The volume of solution was a-
gein reduced under pressure $o sbout six ml. 4 smell asount of
petroleum ether wes added to this sclution und placed in the re-
frigerstor. After three weeks in the refrigerator a small smount
of precipitate was noted in the flask which now contained only &
small volume of a viseous brown solutien. The precipitate was

filtered and gave & strong test with ferrie chlorids color



reagent, The preeipitate wus washed four times with petroleun
ether and the browalsh color dimimished, The precipitste was
washed four times with petroleum ether and the corystals appeared
elear. The precipitete was dried and gave & melting point of
88 degrees. (Theo- 88). Acetohydroxamie acid is soluble im ale
echol, acetons, ether,and water, It is alightly scluble in
petroleun ether.

The hydroxamiec acids described above shou sensitive purplishe
red color complexes with ferrie chloride in alcohel solution. By
the additlon of a newtral aleoholie solution of copper ueetatse, &
voluminous green amorphous copper salt can be precipltated. This
precipitate then goes back to the original hydroxsale acld by the
addition of Hp8. Strong seids will hydrolyze the hydroxamie scids
back to their original fatty seids.

Rotermination of Rf Values

After the preperation of the purified hydroxamic acids the Rf
values for many of them were determined using the chromatogrsphic
procedurs of Wainfan and Van M(%‘“j). This prooedure uses
butanol, acetic acid and water as the solvents in the ratio of 41l15.
Whatman #3 filter paper was used and was pretreated by washing with
glacial agetie acid prior to use. |

Aecording to a muber of xmatigatora(%"‘n, and also fyrom
our ovn observations, acetoacetie acid or the thiol seyl of aceto~
autie ecid does not form & hydroxamste ns do the other mewbers of
the series. ‘:heré also appears to be a shift to tie encl form on
gadition éf, ferrie chloride, but therd is not a definite purple

color formed. Onm paper chromatograms, 24 hours are necessary for
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the development of & ocolered spot at Rf-.78,.84 corresponding te
autunmm aeici or the derivative thercef. Free aceiocacetic aeid
hss an RE~.70 in a butancliacetic aecid: water system. Table I gives
some Rf values of the acids tested..

Table I
RE Valuos of Somo Importent Blologiesl Hydroxenstes
. Hydroxamic Acdd i Re
Carbenohydroxamate 30
Formohydroxamate W43
Acetohydroxamate oSl
Acotoagetic derivative «77
Leunrohydroxasmate K-
¥yristohydroxamate | 96
Palmitohydroxamste -
Stearohydroxamate | K-
Fumarehydroxamate . 31, 50
Suceinohydroxamate | w2k, W53
Eﬂl;!lnu'hmlvdmmta | 76

When diethyl earbonate is reacted with hydroxylsmine snd chromae
tographed in butanol, two spots cam be identified, The first spot,
Rf-.31, shows & traensient pink color with irom reagents low im
hydrogen ion concentration. This pink, on standing, or in the
presenge of high hydrogen ion econeentration turns to 2 yellow color.
The hydroxamste of earbonie zeid sppears to be unstable, particular-
1y in ecid solution. The second spot, Rf-.76 is of normal purple
color and is stable, likely being ethyl aarhﬁmhardmtm(w}
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The next requirement was ona of abtaining & standard curve for
quantitatively determining the amount of hydroxamate present in
a sample. The following procedure is & modification of Iipmann
and Tuttle(3"), Known amounts of the purified scids were
weighed cut and standard soalutions were prepared. Mnown quant-
ities of palmito and acetohydroxamats were placed in colorimeter
tnb#a and brdught to 2 ml. volume ui.th gleohol. Five ml. of 1f
aleoholic ferrie chloride (0.1 ¥ HCl) was sdded and 5 minutes
ellowed for color development. The samples were then read in
the Dausch end Loab Speetromie 20, modified as by Creamer(#3),
and the optical density recorded, Teble IT shows the summary

of this information.

Table IX
] Stendard Gurve for Hydroxamis Atids
aliels Rydrexamate "7 Optical Density”
L Added ' Falmito hceto
G2 «07 07
0.4 14 6
0.6 »R2 25
0.8 «27 a0
1.0 - 35 +38
1.5 52 60
2,0 +67 #Th
3.0 l.02 T—

* A1l readings mede at 520 mu.



Elution of Derivetive Lrom Tgper

It was desired to sscartaln if the hydroxsmic acids ecould be
quantitatively sluted from chromatographic strips. Known a-
mounts of laurchydroxamie seid were spotted on Whatman {3 filter
paper, Single spots of avete and wyristohydroxamate wers alse
made, These spots were then sut from the papsr and added &im‘&»
ly to 2 colerimeter tube comtaiming 5 wml. of ferrie chloride
golor reagent and 2 ml. of aslochol. The tube was stoppered,
shaken for three minutes and eentrifuged., The color density was
resd as before in the ‘esuchk and Loxb Speetronic 20 at a wave-
length setting of 520 mm. The smount of color produced was at
esch level consistent with the amount expected on the basis of
the previcusly preparsd standard curve, It is coneluded ithat
the elution of these spots from chromatographic strips is &
quantitatim procedure 5 outlined above, 7Table III is the re~
sults of this experimentsl provedurs.

Table IIX
Elution of uumhdmh from Paper Strips
uliols Rydroxamate Added Opticel Density
-5 -0e
G »14
0.6 .22
6.8 29
1.0 | 36
1.0 (4setohydroxamate) 37
1.0 (Myristohydroxamate) ) 035




sitability of lanrohydroxanate Ferrlc Comulax

It now became maosSary to know if time would alter the color
developed wpon addition of the iron oclor reagent. Two ml, of
& standard solution of lsurchydroxamzate contazining 1 ulel of the
scid wes placed in & colorimeter tube and 5 ml. of the ecolor
mient was sdded, Optical density readings were teken at vere
lous time intervals end the results as shown in Table IV were
obtained, From these results it 1s obviocus thut five minutes

is mfi‘iﬁmt for full ¢oler development and that the color is

steble for at lezst two hours under these conditions.

Teble IV

Stability of Laurohydrexamets mﬁc Chloride Complex .
LR ey

1 1 | +355

1 2 ‘ «356

1 4 .358

1 10 | +560

1 15 ’ «360

1 30 | .360

1 60 .360

) 4 1z0 + 360

4fter estatlishing = method for quantitatively determining thiel
aeyls, » second problem immediately presented itsolf, Hydrexylsmine
added to & blologlesl system may form hydroxamie scyds by ensymatie

sxchange and addition as well as by a recyeling mechenism. 7o



illustretes radiosetive mfatata-ﬁlﬁm is used @s & tyacer in our
study of lipogenesis. .48 scetats i3 made avaiiable to the system

the following resctlobh may teke piace:

AP + hoetate Fewp Adenylescetate + PP
Adenyl-ncotate + CoASH «wp Agetyl-SeCed + J5P

If, to thies system we add hydroxylemine the fellowlng reaction or

reoyeling can occur:

AvotyleS-Coi + WH,OH mwed Aootyl-NEOH + CoASH

hLestate + ATP ¢

With sach turn of this cyele we generate another molecule of aceto-
hydroxamic seid. If higher thiol agyls are prssent, they too may be
formed in e similar manner.
tative

To illustrate an increase of sngymatically formed hydroxamic
seids, let us first look at the dats obtalned when hydroxylsmine wes
rescted with known smounts of zeetyleglutathione for verying perlods
of time in the absence of tissue engymes. In Figure I there is plote
ted the uiols of acetohydroxamate formed us the psr cent of the anti
cipated conversion versus time of reaction with hydroxylamine. From
this flgure it is ﬁm-m that 2 30 mimite resotion time is suffleient
for the complete reaction of asetyleglutathione to formm theoretiecal
amounts of scetohydroxamie acid,

The experimentasl data obtained when hydroxylamine is similarly
added to rat liver homogenate is shown im Figure 2, On this grsph
is shown the uliols of hydroxamic aeids formed per gram of rat liver

&



Figure i

~Hydroxylamine
added to agueocus sclutions of acetyli-glutathione
forms theoretieal amounts oi scetolydroxauste.
This conversion is plotted in figure i as the %
converted versus time of resction with hydroxyiumine.

Figure 2

Rat Jdver Homogenate Thlol iegylg~hHydroxylauine
adued to ret liver homogenates ferma inereasing
amounts of thiol aeyls as the reaction tine is
extended, This increase is indicative of enzy-

matie formation of hydroxusates.
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plotted against resotion time with hydroxylamine., From this figure
it is gpparent that in on enzymatically functioning tissue there is
#n incressing amount of derivative being formed beyond the 30 mimute
time, for in the control experiment, 3¢ mimutss wzs sufficient reac-
tion time for the thiol aeyl to reset. Sinee the purposs of this
study wes not to contimiously trap intermediates, but was to look st
the relztive amounts of intermediates at a given time, it becare lme
perstive to Inhibit this enzymatic activity. The inhibdtion of ene
gymes is not a difficult task and there are g munber of methods avail-
able, One of the most common methods, thut of heavy metal enzyme
poisons, wes not felt desirable in this systam since hydroxamic acids
have & tendency to form metal complemes with heawve mewlﬁigw‘ Iz
was decided that heat inactivetion would be the simplest means at
our disposal if in the process the acyleS-Coj interwediates were not
altered. A mumber of suthors have reported on the stability of &
fou acyl-S«Cok intsamdmtw(—slﬁsg; and those tested were stable at
100 degrees for 15 mimtes at neutral pH. Also, ceetozeetis thiocl
esters are known to be stable if not kept et elialine pr(Y6),

Acetyl-glutathiono was again chosen as 2 representative thiol
aeyl aﬁ&ﬁm following experiment wes conducted. Known amounts of
acetylwgiutathione in aqueons solution were subjected to 70 degree
heat treatment in a water bath for 10 mimates and other sliquots
were mainteined at 26 degrees for tie same periocd of time. The
values obtained represent & 96 - 100 per cent recovery of the hy=
droxamie acld derivative showing that the 70 degree temperature for
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the period of 10 mimites did not hydrolyze or interfere with the
fermation of hydroxumie acids.

Figure 3 shows the quantities of hydrorumates formed from liver
tissue homogenates when these homogenstes were maintained st one of
the indiested temperstures for 10 mimmtes prior to reaction with
hydrexylamine. Curve D shows the linsar incresse of derivative wlith
time when the homogenate was kept at 26 degrees and them reascted with
hydroxylsmine., Curve C indiecates a deereese in slope and in totsl
amount at &0 mimxtaa after being incubated for 10 minutes at &0 de-
grees. When the incubation was st 70 degrees for 10 minutes we
find that there wss no ineresse of derivative with increasing reae-
tion time. That is to say, the seme smount of hydroxamate wes formed
at 30 minutes &g after 60 minutes indicating that being determined
were reactive acyls present after incubstion and not resctive zeyls
Loing formed during the rezction perded,

The one determination recorded after incubsting liver homogencte
at 80 degrees for 10 mimutes showed a slight loss in recovered der-
ivative indicating likely hyrelysis of the thiol seyls or at least
partial destruction of & portion of these intarmedistes.

Figure 4 shous dots obtained when acetyl-glutathione wes reactad
with hydroxylamine in aqueous solution snd in rat liver homogenate
after being subjected to heat trestment (70 degreses) compared to the
amount formed at 26 dogrees. Curve A represents the data obtained
where known amounts of accetyl-glutathions were reacted in aqueous
solution after 26 and 70 degres heat treatment for 10 mimmtes.

Curves I and ¢ represent the dais obitained from rat liver homogsnate



w«mpﬂam incubation at thn
temperatures indicated on the graph show &

marked change in the rate and total amouni

of derivative being formed after increasing
raaction time, It is shown with this data thst
70 degree inoubation is sufficient, if maintained
for 10 minutes, for compiete ensymatic inhibition.

The rsmtion ot eeat,;l-glnuthiom with B,ydrax—»
vlamine at 70 degree temperstures incubation in
agueous sclution snd in rst liver homogenate is
presented, It is apparent that there was neo
loss in reactive aeyls at this tempersture and
that ensymetiec formation has been eliminated.



29

26°

@ Ho0°
60°
470° o A

($80°)

I o | L 1

60

30 45
MINUTES

15

o Q o o
<+ 0 o =

&3N1T WVE9 &3d
FLVWVXOYGAH W1

FIG.3

60

45

30
MINUTES

1S

¢ 4 @

O M <
1 1 1 1 A
o) O w o n
N 0~ 0 o
= O o o

YINIT WV H9 I
FLVWVXOHGAH W 1T

FIG. 4



te which hed been added 0,50 and 0.75 ukols of acetyle-glututhione
respectively. The vertical distance betwsen eurve ¥ and ¢ repre-
sents the difference in amount of scetyl-glutathione added, i.e. 0.25
uliols, The error of this difference is & per cent. Thus, 70 degree
treatment eliminated the unwanted ensymatic formastion of hydroxamic

scids without concurront loss of reactive acyls.

The reaction of hydroxylamine to form hydroxsmie selds has been
used by many investigators to detect meny types of compounds, The
resctivity of these compounds is dependent on HH,OH concentration and
upon the pH of the resoting medium. After establishing the desired
conditions for non-engymatically measuring the cmount of reactive
thiol ester, it was felt neesssary to do a concentration study with
NH,OH. It had alresdy boen determined in this laberatory that a Pl
of 7.4 and & coneentration of 0.25 K ﬂﬂg(}ii(%) was required for come
plete reactivity of anhydrides and thiol aeyls. With this informa-
tion the fellowing experiment was performed. Ret liver tissue was
sliced and placed in homogenizing tubes, The moist Lissue was then
Lheat treated at 70 degrees for 10 mimmtes. Table V is the data
eollected after 30 minutes reaction time with NE,OH st different
concentrstions, As can readlly be sesn, 0,30 M HH-OH is just maximal
for the optimm recetivity snd a pletesm is maintained until & con-
centration of 1 Molar is obtained. The inerossed amount of deriva-
tive formed at the goncentrstion of 1 Molar is likely due to the
resetivity of cerboxylic esters. JSimee it was desired to keep the
jonle strength at a minisum the 0.3 Molar NE,CH solution was chosen

as the coneantration to be used in subsequent experimente with
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biologieal systems. The varboxylic estsrs, tripalmitin and trie
leurin were rescted with 0.3 M HH,OH at room temperature for 30 mine
utes and the amount of hydroxumie aeid formed determined. Under
these conditions there wes no hydroxamate formed from the triglycer-
ides confirming Wainfan end Van Bmg«n(%};

Table V
Hydroxylamine Conoantretion Study
Hydroxylamine uliols Hydroxamate fer-;
Comoy per gram of Tissue
0.1 Meolar 1.75
0.3 ® 2,70
0.5 * Z.70
0.8 ¢ 2,70

i ® 4,00

Now that a tecinique for quentitatively eonverting thiol inter-
mediates into hydrexsmie ckr&vétiwa was available, it bteesme necess-
ary to develer & method for guantitatively reeovering formed derivae
tives from tissue. Fresh rat liver wes obtained, sliced in the ususl
manner and homogenised with known amounts of preformed hydroxamic seids,
The homogenate was then trunsferred to & serew cap culture tube with
& total volume of 10 ml. of ethanol. The ethanol preeipitated the
protein and this solution wae centrifuged. The supernstent wes de-
eontod and the tissue residue was extracted three more times with §
ml, velures of ethanol with 15 minutes shalting between centrifugstions.
The amount of hydroxamate in the slechel filtrate was determined.
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fable VI is a summary of that dats.
Table VI

aomverjr of Bydroxamie Aeids from Rat Tissue

Hydroxsmie Aeid Amount imount  Per Cent
Added Added hiscoversd Hecoversd
Palmitohydroxsmate 20 wi 19.30 uM 96
Pelmitohydroxamate 10 * - 9.50 " 95
Laurohydroxemate 0 * 10,00 * 100
Laurohydroxumate i * 9.30 *® 93

Current concepta of fatiy acid metabolism involve the activation
of variocus seids to thiol zayls varying in chain lemgth from C, to
C18. We felt it would be desirable to separate, if possible, these
intermediates into at least two frastions prior to attempting isola=
tion or purification. Various solvents and pairs of solvents vere
tried, the following qualitative experiment giving an indicstion that
& separation was feasible. A two pbase butanol and witer system was
prepared in three different test tubes: Tube #1 contained ascete-
hydroxamate; tube {2 econtained seeto and palmitohydromsmate, «nd tube
#3 eontained palmitohydroxsmate only. After shaking each tube for
thres mimtes, 1 per cent ferrie chloride solution in 0.1 ¥ EC1,
aleoholic, was added. The hydroxamic seld formed its usmal red-
purple e¢olored complex witix the iron. In tube #1 all of the celor
was in the aqueous layer; i.n tube #2 the color wha distributed equally
betwesen both layers; and in tube #3 all of the color was present in
the btutenol layer. It appeared that at least quelitatively, & separa~
tion of soetohydroxamie acid from palmitohydroxsaie aeid had been made.
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With this informetion in mind the following experiment was eon~
dueted, Known amounts of hydroxamie scids were asdded %o rat liver
slices, the tissue was howogemized, and the protein was pregipitated
and extrscted with butanol. The butanol fraction was then extracted
with water in the manner deseribed in the section, Iliver Slice
Technique. 4 total of 5 water extractions were made and the data oObe
tained listed in Teble VIIL.

, Table VII
Bm;-r; of Hydroxamato from Iutanol-later Wmﬁmﬂv -
Hydroxemate Amount § Recovery of Added Compound
Addod A Butanol Viater®
doetohydroxamate 5«10 ul 99=101 97-102
Capro~ . . % 99=180 93~ 97
Caprylo- * ¥ = 98- 99 6~ 13
Capri-  * ® » 97=100 0
Lauro- * r » 98- 99 0
lyristo- *® 5 4 98- 99 o
Palmitow * = ® W 98100 » o
heoto, Lewro- 5 uM eash 98- 99%* gans

Myristo, Palmito~ 5 uM each 98~100 0

& The butanol extract of the tissues was analysed and then an
aligquot extracted with water as above,

**In this experiment the butanol was not analysed until after the
uater extract was made, The 98499% in the butanol is thet emount
of the 10 uliols expected and the 987 in the water is that amount
of the 5 ulols expeeted.

It is quite evident from this data thst & good seperztion of (Cp . cg)
from ( Cg- C35) is possible with this technique.
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The protein residue from this experiment was further extracted
with 25 wl. of butanol. This solution wes warmed to 60 degress for
10 mimta& and then shaken on the ahz-,king machine for 30 mimutes,

It was thm centrifuged for 15 mim;t.as and the supernatent transferred
to 50 wl. mﬂsa and blown down to spproximetely 2 ml. velume with
nitrogen in & 60 degree water bath, Two ml, of this solution was
quantitatively determined for hydroxsmates as deseribed previocusly.
The results obtain sre shown in Table VIII.

Table VII
Recovery of Hydroxamates from Protein Residue
Sa;plo Optical | ubols
Ho, Density Hydroxamate
1 .035 040
2 +030 0.0
J «035 0.0

These results indicate thet all of the hydroxamate present had been
extracted from the tissua with the methods deseribed,

The validity of the utilisation of the tissue slice technique
has been argued pro snd con by the bLest of investigutors for many
vyears se no attempt vill be mede to condemm or uwphold our choiece of
this techmique, The tissue slice Wes developed to a2 grest extent
by Harburg‘”) and modified hy & great many other workers. imemn(?'ﬁ)
bhas given quite & eomplete mecount of the development of this tech-
nigue and sinee his modified procedure was used in these studies,
21l of the arguments presented in his work holds also for the present
investigation.



Kreb-iinger phosphate I:uﬂar(gw 15 used as the incubsting
mediuwm in 211 of the experiments reported in this thesiss The follow~
ing table shows the concentration of resgent used in its preparation,
Stock solutions of 5 times the desired concentration are made up and
kapt frosen until used. The diluted solutiocns are prepared snd used
within 2 wesk: This sclutiome are kept chilled im the refrigerator
prior to use. The buffer sclution is prepared on the day of the ex-
periment from the diluted solutions. The pll is adjusted to 7.4 with
0.1 ¥ BC1 or 0,1 ¥ NaOH,

Table IX
Steck Selutions for Proparing Krebs-Ringsr Phosphate Buffer
! 58§ 5X%* Quant. to Perts

Reagent  lNeeded Nesded Amownt  Dilute  per 200
Netl 90 k.0 100ml.  5/25m 200
xcl 135 5.5 24375 ] 8
Call, l.22 60 1.5250 * 6
RH,P0,, 2,11 10.35  2.6375 . 2
¥gS0,, 982 19.10  4.7750 " 2
NaligP0,* - . = i 24

* imount in grems to be diluted in 25 ml. distilled water.
*% Made Nal,PO, at time of preparing buifer. Welgh cut 0.71 grams
and “llute 50 mi. Use 24 ml, of this freshly prepersd sclution.

This gives a total volume of Luffer of 242 mle
The following procedure has been adopted for the mtak-oiia
studies and ,s‘@r’ the quentitetive determination of water soluble
thiol seyls im liver tissue, The animzls are maintained on some
matritional regime for s defined peried of time, The snimal is
killed by decapitation and its liver dissected as quickly as possible
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end plsond in chilled buffer. The liver is aliced using the Stadie-
;g8 sileer {mierotore) and spproximslely one grom Samples are rade
donly placed 5.;# proviously welighed g.’iaatic vials whioh contaln 5 mi.
of ehille? buffer sointion, The plastic viils ure rogeighed and the
exact smount of tissue present is detersined.

The slices ars then transferred to 157 nl. Varburg vessels with
the #id of & funnel and the funnal 45 then rinsed . .th 20 al, of luffer.
This gives a total volume of 25 wl., 25 wl. of buller and 1 greaw of
tissue, The flasks are fluched with 100 § oxygen for ons minute end the
Gﬂz contar woll trap? ars plated in the flaeks and the flask is them
meunted in the Larbturg bath, J

The sllees are (lloved to equilibiate for 30 minutes snd then
the seetate 1o tipped 4in from the sidesrw snd the sidearws wre rinsed
three times wlith the Lulfer in the fiask. The total Lime [rom decapie
tation to plucing of flasks in the hWarburg iz 28 to 30 ainutes. Two
mirates nxué adlition of seetate the sansseter is adjusted to 150 mm
end the gtopeoei closed, Tressurs readings are obilaivned every 15
minutes for & total psried of 60 sinutes. Thie silows one heur for
the utilization of the zdded soetste-d-0™ by the iiver silces, in
en el fort to provide equal incutstion pericds for all fluske it is
pegessary to tip in the seetats st 2 to 3 minute intervels thus ealloww
Ang tive lor the reading of tie manonetere snd for the stopping of the
rezotion at the #rd of the imewhation pericd.

After 60 mimetes of incubation the flasks sre removed from the
bath and the slices are removed and washed with normel saline selu~
tion, The substrate is collectad from the flusks snd stored 'far
fature enalysis.



The meist, weshed slices are placed in homogenizing tubes and
are then heat inactivated st 70 degrees in & hot water bath for a
period of 10 mimutes, 4t the end of this peried, 2 ml., of 0.3 M
FH,OH is added to the tube and the contents are homogenized with =
Teflon homogeniger,

The contents of the tube ave quantitstively transferred with
15 ml. of butanol to a sorew cep tube (Teflon lined eup) and placed
on a shekin, wachine for thirty mimutes, The tube is centrifuged for
10 mimtes at 1200 rpm and the supernatent deeanted into a 50 nl.
graduated centrifuge tube., The liver tissue is extracted twice more
with 10 ml. portions of butanol with shaking end centrifuging each
time, The supernutent is blown down to spproximately 10 ml. in
volume on a 60 degree water bath with a sm of nitrogen. The
butanol is next made alkaline to phenopthalein with 0.1 N NalH,
Five ml. of water is added to the tube and the contents shaken.
Time ie allowed for the emlsion to Wreak, this being aidad by the
addition of a drop or two of ethanol, The aqueous layer is drawn
off with & long needle and syringe and tranafer?ad to 2 10 ml, vole
umetrie flask., The butanol is extracted with ﬁat&r untlil the pink
golor hus been extracted; this takes zbout five, 1 mi, extractions.
The agueous extract iz made to a total volume of 10 ml, %Two ml. of
this solution iz used for the colorimetrie determination of hydrox~
smates with ferric chloride. |

The following has been adopted for the procedure of colori-
metrieslly determining the amount of hydroxamete present in the
sample. Two mli. of the sample to be determined are placed in a

colorimeter tube, Five mi. of 2 1f slcoholie ferrie chloride
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solution that s 0.1 N in HCL Ls added to give a totsl volume of 7
ml, Five mimutes is silowed for reasction and the aptia&}. density is
then determined on the Basueh and Lomk spectronie 20. The concsntrae-
tion of the sample is chbtained from the standsyd curve deseribed pre-
viously. Ovessionally & precipitste willi form on the additian of the
ferrie chloride solution. This can be centrifuged down without ap-
parent loss of color, The precipitats has the appesvunce of & salt
and is probably precipitated becsuse of its low solubility in‘the
aleoholie solution,

One bhalf ml. of the aquecus extract is used for radioassay and
the rest of the extrsct is blown down to ene ml. in & 60 degree
beth and with & nitrogen iﬂ-m. Twe tenths to 0.3 of this remaine
ing extract is spotted on Whatman #3 filter paper and dried by a
stream of warm sir. The strips are ghrmmraphad, dried, and

radioussayed,

After the aquecus extrsotion of the butanol fraction is complets
or after protein precipitation of the substrate from the Warbvrs
fiseks is obtained, aélut%om are spotied on Whatoen #3 filter paper
and ehromatographed. After shromatoyraphy the strips ere sliowed to
dry end then they are assayed for redicactivity. Twue methods have
been devised for this snalysis and will be desoribed.

The moving strip 2ssay eonsists of pussing the echromatogrem
under & Geiger-iueller tube zt a eomstant rate and rmrdm the
ectivity. The sculer i2 a Berkely deeimasl sealer and the counter
is an unsheilded thin end-window Tracer Lab-T0GC-l C-M tube with a
background sount of 39 counts per mimute. The recording epparatus
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¢onsists of a rate-meter and an Esterline-ingus Recorder, The
chrometogram is connsoted to the Hsterlinee-ingus recordsr paper by
the use of scotch tape and is pulled into the roll of recorder
paper at the sume rate a8 the recorder is moving. Under the U=}
tube is & polyethylene shield with & previcusly selected specified
8iit in plece. This slit width can be varied from 1 nm to 10 mm.
Kost of our work *.aas%_dum with the 5 pm slit width, Figure 5 is

a typioal sean of a chromstographie strip;

The second method of 2ssay for & chromatogram is to cut the
strip into 1 om widthe and peste these strips on aluminum planchets
that are cut to fit in the D-47 Ruclear counter. Thess strips csn
be eounted for any specified time and/or for some specified tetal
rumber of counts, and the statistical scourzey desired can be obe
tained. Figure 9 is u graph of the data obtained from this type of
28858y«

Column Chromstogravhy

It wes felt that & chromatographie column would be advantageous
in that larger quantities of derivative could be hemdled, Ain attempt
was made 1o ssparate hydroxamic acids using column chremstography.

4 silicle aseid column was prepared in the following manner: to 20
grams of silicie acid thers was added 12 ml of water., The weter was
thorougldy mived with the silicie scid using e mortar and pestle,
This meterial wue then siurried with 80 ml, of chiorofors. The siure
vy was added in 10 mi. portions inte a previous prepered glass column
that had » sand base upon which rested a plece of rilter paper. The
slorry wes sided in settling by putting pressure, 2 pounds per sguare
inch, upon the columm. 4 vibrator tool was used with a eork stisched

to the vibrating end to dislodge air bubbles. The columns packed



Figare 5

Moving Strip dssay«i typicel radiosctivity

scan of a chromatographic strip obtained by
feeding the strip into an Bsterline-ingus
Recorder after passing under & thin end-window
Traver LabeTiCel Gwk Fube. The sesler is a
Berkely decimal socaler which has attached to

it & Berkely rate-mster feedin; to tie resorder.
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tightly and quite unifermly. To this columm was sdded 10 ublols of
palmitohydroxaric zoid, 5 uMols of acetolydroxamic aseid and 10 uiols
of formohydroxsmete in 2 ml, of solution, This wes weshed in with &
chloroforn solution saturated with water and the developing solvent was
then sdded, The desveleping solvent in this instance being 40 § chiore
oform snd 60 ¥ tutenol saturated with water. Figure & shows the re-
sults of this separation. It is apparent thet leng chain lyrdromamie
aelds cen be sstisfactorily seperated from short c¢hain or water solue
ble hydvoxamic zeids, however, it is also upparent thet there waa no
seperation of the §, from the C; acid. Many attempts wers muds wtile
izing column uhmatogrnphy to separate the homologous series of
hydroxamic acids, Gl “ (316. ut the separstion presented in Figure 9
way not improved upon. The solvent retio of chioreferm and butanol,
and benzene snd butenol were varied =11 the way from 0:1 to 1:0, but
these twe systems do not appesr to be satisfactory in the separation
of hydroxamates that differ by only a ﬁz unit.

The following ie the method employed for determining ketone
hodies in the tissue and substrate of the metabolic sxperiments o
follow. 7This procedure iz from Jessman and Anderson (personal ccummun-
ication) end sincs it vas not published in detsil’®%) st wiil be in~
cluded here as recsived by them. (Courtesy of Dr. Clarisse Beatty).

Besgents
i, Seturated bsrium hydroxide.
2. 5 § sine sulfate hydrage (ZnS0y°2 Hy0).
3. 13.6 B sulfurie scid.
H, 0.4 § sodium dichromete hydrate (%@20?32 H,0)



Solvent separation employed was a 40 ; ehloroform
and 60 ¥ butanol system saturated with water on a
silielie scid oolumn. Two nl, frectionsg were eolle
ected using a Gibson Medical Electronies fraction
collisctor.
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L3
Salicylaldehyde, 10§ (volume/volume) in acetone free
methanol,
Saturated potassium hydroxide.
504 (volume/volume) ethanol.

Lroggdure

2

Je

L

6o
7

8.

Fe

Prepare a Somogyl filtrate of sample material by asdding
0.5 ml. each of the barium hydroxide and zine sulfate to
4 ml, of tissue extract. The preeipitation is aided by
shulking for two wimutes and then centrifuging.

Add 1 ml, of filtrate to 2 serew~top culture tube and then
0.25 ml, of the 13.6 ¥ K,80,,

Seal the tube with a plastic cap containing & Teflon
liner, Hand tighteming is sufficient, being ecareful

to proteet the hand in cass ths tube snaps.

Beat in an autoelsve or boiling weter bath for ten mimutes,
Cool and add 0.25 ml. of the dichromate solution. Reseal.
Heat an sdditional thirty minutds.

Cool and add 0,05 ml. of methanolie salieylaldehyde and
then, by blowing in, add 2 ml., of saturated potassium
hydroxide.

4lleow thirty misutes for color development kesping the
tubes cooled to 16 degrees during this period of time,
Add 2 ml., of the 507 ethenol after thirty mimutes. More
of this solution may be added to allow suificient volume
in the cuvette, however, the volume suggested is practie
ecally a minismm for deteeting normal blood levels of the
ketones.

Mix well and centrifuge this solution until elear. Read

at 500 millipdcrons.
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Recovery of acetcne is not quantitative, ranging from 508

to 804, The lose oecurs in thé preparation of the filtrate.
Stendards may be prepared from scetone or {fresh) solutions
of sodium acetons bisulfite, 4 0.1 ulel standsrd is uweually
garried through the determimction, This gives & resding on
the Seusch snd Lomb Spectronie 20 of 240 opticsl demsity.
Standards are not carried through the filtration step. The
stendard curve deviates slightly from linewrity. For ex-
trene acouracy, a stindard curve should be run, especially
if very low or high velues ure expected. Hecovery of aceto~
ascetie and beta~hydroxybutyrie seids is quentitative.

‘Ho interfering substinces have been obhserved other than

giucose. The interference is at the oxidation step, and

in the presence of 200-500 mgm per cent of glucoss, the re-
eovery of beta~hydroxybutyrie seid is reduced. The smount
of interference varies with the sample, This may be diluted
out in diabetic blood sinee the ketones sre in suech high
conesntration as to make dilution necessary in the first
plase, If the dichromate is visably reduced, (s blue solu-
tion), the rum should be repeated using lesser smounts of
filtrate. For a rough estimation this error is not too
great. ibout B85 ¥ recovery is obtsined in the pressnce of
glucose equiveient to 1,000 mgm per cent, though the diw
chromate was completely reduced.

Combined avetoacetic seid and acetone may be sepsrately de-
termined by omitting the oxidation procedure (steps 5 and §).
Separste standards pust be run omitting these steps alse.



We have found in our lsb that sleohol is an interfering substamce in
the beta-hydroxybutyrie acid determinstion because of the conversion
of the sleohol to gldehyde on heating with potassium dichmh(%)‘

|  Kgr
CByCH0H  + (0) M%m% CHjCHO + H0

The conditiocns of this reaction are those which prevail in the tubes
we have prepered for determining ketome bodies. The aldshyde is capa-
ble of condensing in the same manner &8 acetone with the eclor devel-
oping reagent. The following resction is that postulated for the
development of the yellow color which is indicative of ketones and

aldehydes,

icetosoetic Acld + Sulfurie ieid «=<» Acetone + Carbom Dioxide
Acotone + Salieylsldehyde + Potassium Hydroxide we-)» Color

Pure scetoucetic 20id was prepsred according to Krebs and mleamncgﬂ.
Pure sceotoscetic aeid was used as a standerd rather then acetons. The
prosedure listed gives a 1 Moler solution which is stored at this con-
centration. Dilutions zre msde at the time of use.

It was later found that the prepsration of pure acetorcetie
soid was not necesssry and that purified ethyl acetozcetste would
work quite satisfaetorily and this was used s standard in subsecuent
experiments. A stock solution of about 0.3 mg per ml. was kept
frogen and dilutions of this stock solutiom were made at the time

needed,



The procedure to be deseribed was used in an scetate concentra~
tion study which was carried cut to uneover the bloek im the metabolic
eyele which precludes the utilization of aeatatu-—l*cm a8 trscer when
the concentration is incressed beyond ew%ain 1mu(333. This study
wap eonstructed so there would be a 1,000 fold concentration inoresse
of zcetate presentsd to the liver slice per experiment. The acetate
alloted for this experiment was #109 and wus prepared in this lsbtorae
tory from barium aav‘bm&mw&. The zecetate was assayed for radio-
activity en a D-47 Huelear counter and the stoek solution was shown
to contein 2 X 106 counts per mimuite per ml. as infinitely thick
barium carbonate. The D-47 counter is fitted with g Mioro-Mil window.
The coneentration of this stoek solution was 6.3 ulMols of scetate per
ml., 28 determined by titration of s distillation and the per cent
yield from barium carbonate. Ten fold dilutions were made of the
stock snhﬁm giving the following metivities: 2 X 1@6. 2 X 1@5 '

2 X 16%, end 2 X 107 counts per mimite per ml. This represents a
1,000 fold coneentration range frem 6.3 to 0,0063 uliols of scetate
par nl.

The following protoeol is an outline of the prosedures previously
described in detsil. Each experiment ineluded two rasts and thers was
a total of eight experiments., Therefore, 16 rats were used in these
experiments and duplicate samples were ran for each concentration

studied,
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Susmery of FProeedure

1.
-

3
iy

5

6.
T

8.

I

0.

11.

iz,

Trained feeding of animals.

Preparation of buffer and equipment.

Sacrifieing of snimal snd disseeting liver.

Blieing of liver and preparing Warburg flasks for equilibration.
Manemetric determinutions :nd incubating of tiseue for one
hour in the presence of uoetate-l-cm‘

Obtaining tissue und substrete from lnecubating flask,
Tnactivating ensymes and formation of hydroxsmie scid
derivatives.

Froctionation of tissue with butanol and subsequent isocla-
tion of the water soluble derivatives from the butancl.
Colorimetric determination of amount of hydroxamate formed.
Chromatogrephic determinstion of type of derivative formed.
Raediloassay of the aqueous extraet, both chromategrarhieslly
and by direct plate assay.

Interprotetion of data.

The following data sheet is taken from experiment #018 and is pree
sonted in detail. Table 10 is a summery of all the data ecllected

from the individusl experiments. The purpose of presenting &

dsta sheet in total is to show the mammer in whieh the date was

colleeted at the time of experimentation. All eight experiments

were condueted in & similar menner with all varisbles as closely

controled a&s possible.



Ewar:.mnt #038 | Four Hour Fast

Qu3a5?

Msuta-luﬁm Concentration Study

W‘bu of Rat = 233 ll Eaﬁriﬁeedulm Aostate In-1055 Ro&c:tim

Wt of Rat = 234 * In Werburg-1025 Slices Out-1l55 30 Hins.

Wt of Slices:

13,4590 13,4409 13,4420 13,4600 13,4100 13,3951 13.4345 13,4041
12,4308 12,4300 12,5300 12,4303 12,4302 12,4300 12,4301 12,4300

1.0282 1.0109 3.0120 lnazw lost t9651 1,0044 Qm&‘

Wt. of Pooled Samples: :
182 344 5&6 74&8

2.0391 2.,0417 9651 1.9756

Acetate m\" £ 9 N ul Total Total ulicls

Saumple No. Cone. Vel, md. HA wM HA HA/gm Tissue

i 6,300 uli 1ml, 2 X120, +220 51 2.55 1.24 »

z 6306 ® " 2X 1oﬁ «220 W51 2,55 1.25

3 063 ®  2X 10, JA35 20 1.00 104

i w006 v 2X107 ,190 40 2,00 1.01
Count Data Pre- Total epul
Sample No. Count time opn ope-Bkg opm ukol HA

i 6400 0.73 3699 3684 134.290 90.33*& . 72,267

3 1600 22,92 ‘w s% 1,086 1.086 1,082

y 1600 66,34 28 13 257 257 iz29

b:nm Ptilization Date From Warburg Incubation

Flask No. O Mn 15 Min 30 Min 45 Min 60 Min Total mm mm/gm

i50

1 150 130 ok 77 by 103
2 150 129 102 73 sy 106
3 150 130 102 73 i 106
b 150 125 o4 67 L3 109
5 150 i28 104 79 5% 96
6 150 125 97 68 ko 110
7 i50 129 105 78 51 92
8 136 110 &6 61 89

io2
103
102
106
98
11k
99
92




Table X
m of Aoetate-1-Ci¥ Consentration Studies

Experiment Ssmple ulols HA £ Incorporated ecounts per mimte

o, ¥o. / Ete f &n. / Hls
) 1 2.10 bhl 2,068
" 2 157 3.16 L, o20
. 3 1&?0 500 593
" iy 136 5.83 86
C=2 1 1,00 5.24 104,820
" g 1.3% 5.66 8,450
8 - - o
" & dv2h 5.28 166
Cls  § +88 381 86,691
. 2 1.05 B35 6,207
& 3 »98 - 62y
" & 101 6.5 A3
Cw5 1 1.80 670 78539
" 2 151 5.90 74869
n 3 .63 5430 653
u & 1.55 720 o3
C=6 1 1.2 7400 124,200
" 2 W97 6ibo 13,089 .
" 3 1.08 6,50 1,291
» & 1ilo 950 172
C-7 3 131 9250 dhk, 307
u 2 1,38 2.00 13,030
& 3 1.29 9.70 1,497
L] 4 131 10559 161
CB ' § 1,“;31?5 4,50 72,267
" 2 1.25 4,90 7:899
i FJ 1.04 5.60 1,082
" 4 110 6i50 129
Cu9 1 .57 7.26 145,325
" 2 185 7.21 14,429
N 3 153" 9!15 1&831
¥ & lise 0.4 208

Summary of Date
It 1s apparent from Table X that tiie ulols of thiol acyl remsins
relatively constunt throughout the comventration range of scstate



employed. Thet is to say, 0.0063 uMels of acetate to 6.3 ulols per
flask does not appear to alter the amount of thiol acyl present in
liver tissua.

In Figure 7 is plotted the theoretical amount of radiosctivity
anticipated versus scetate concentration. This function wee cbtained
by assuming that 0.0063 uMols of scetate was a true tracer dose range
end that the subsequent 10 fold increases in dosage would give 10
fold inereases in the smount of radicsctivity isolated im the agueous
freetion. This gives a straight line funetion in the tracer range.
Flotted vith this information is the date actually found by experie
mentstion and it is at once obvious thet within the experimental
error of this procedube, the antieipated response is being schieved
at all levels of agetate studied. '

Sinve there was no deviation of the experimental from the anti-
cipeted st any dosege level administered, 0,0063 = 6.30 ubols, tracer
conditions are nmot exveeded in this system.

There appears to some discrepanty in these findings when it is
remembersd that somewhers in the metubolie scheme of acetate to fatty
aeids or cholesterol thers is & non linesr response as measured by
the redicsetivity erriving in these twe fractions. If the smount of
acotate is being setivated at higher conesntrations, as hze been cone
¢luded from cl“oa measuremente, tut the smount errivimg st the produet
is not linearly inersasing, it would be expected that redicactivity
would be found inereasing in some metsbolite along this scheme of
synthesis, Ve have just concluded, however, that thers is = linesy
ineresse of zetivity in the tissue extroot but not en secummlation

of 2ctivity a8 one might predict. The answer to this problem soon
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ﬁume illustrated mprossrt the theo-
récticel sand the observed response of
incorporation of gcetete inte the aquevus
sxtraet of rat liver howogenste ss the
concentration of adeotate is varied from
0.0063 to 6430 udels. There 1s no stetise
tical difference on the theorectical
and the osbservod response,
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became apparent when the suspending medium of the system was snalyzed
for sctivity. UWhen it was ascertuinmed that there was considerable
setivity in the suspending medium which was assoelated with ketone
bodies it became negeszsary to carry out & series of investigations

related to these perticular metabolites.

The liver hes been implicated for many years && an important
site of metsbelism of the lipids. The cleuring of fat from the tlood
by the liver was accepted as faet long before isotopic methods proved
this to be true. Xetone bodies sre found in traces in blood and urine
of normal individuals, but during disbetes or starvation there is a
pronounced scoumuiation of these products of mtabolim. E&ﬁ:’ sinee
the reslisation that the ketone bodice are produets of fatty acid oxe
idatiom the liver has been depicted 28 the villailnm in the production
of ketosis, The problem of the control and significeance of ketone
bodies in the blood and urine of humens and experimental andmels has
been one of the larger {ields of investigatione and hee ineluded s«
mong its renks of workers, physiclans, physiologiets, amd biochemisis.
when considering the origin of acetvacetic und bete-hydroxybutyrie
seid there were three slternztives as to the formation wmechanism.
i~ Condensation of two [ {eeetyl-8-Coi) units to fomm acetoscetic
acld,
2~ Under certain cconditions the byreakdoin of the fetty acid chain
can proeged beyond the cs to the cﬁ stage, but that scetoscetic
represents the "unoxidiszseble stump" of the fatty -cid moleculs.
3. Py primary breckdown of the fatty scid chain inte C, units rather

4



The utilisstion of isotopes brought about the resolution of
these alternatives, Ostenoie scid labeled with €3 in the carboxyl
group is oxldised by cell free preparations. If scetoucetic scid
iz formed by condensstion of two Ga untis then there should be lsbel
equslly distributed in the carboxyl and carbonyl sarbons. If the
acetoacetic scid 1s only the unoxidizable stump then there should
be no lebel in the zcetoacetic, and finzlily if the seid should be
oxidiced es Gy units then oll of the sarboxyl label of the oetancie
aeld would remsin as carboxyl carbon in the scetoacetic acid.

Several workers have carried out experiments sueh es this and sll

find label in the earbonyl and earboxyl positions of zoetoscetie

aeid, howvever, not in the smﬁ proportion. This led to much contro-
versy until Iynen‘i®) suggested that the carbonyl/esrboxyl ratie

was being affected by the time of incubation &8 well as Ly the equil-
ibrium conditions with the engyme, substrate, and ensyme substrate
complex. So we arrived =zt the conclusion that the 6&, acetoscetic

seid is being formed by the sondensation of twe C , units (acotyl-S-Cod),
mediated by the scetoacetyl-thiolase enzyme available in liver.

The method of determining ketone bodies has already been pre-
sented. The following is the experimentsl procedure zdopted in isow
lating the @“ units both from tisswe and from the suspending mwedium.
All econditions of tri:ined feeding, festing, sserificing «nd inenbae
tion of tissne are &3 cutlined previcusly. The modification of the
proceefmr# presented begins with the removal of the tissuwe {rom the
Warburg flask sfter h&ubation with acata'm—»l—-cw for sixty minmutec.
The tissue is washed with water and immediately pleced in 2 homogen=
dizing thha that h«:;s'bﬁen cooled in ice water. The tissue is then
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homogeniszed in two al. of water while being kept eold by immersion
in ioe water. The purpose of the ice water is to minimige loss of
volitel compounds during homogenization and protein precipitstion.
The protein of the homogenate is now preeipitated using 0.5 ml. of
ging suifate and 0.5 ml. ©f barium hydrexide which have been adw

" Justed, equiviient per eguivalent, using phenolpthulein as MQ»
tor., The mixture is transferred to serew ¢ap culture tubes and
shaken for 10 mimutes on an Zberback shaking machine and one half
speed. The solution is centrifuged gnd the supernatent collescied.
¥he supernatent is then used for the determinstion of totel ketone
bodles and for the determinution of zestone and acetoacetic acid,
The differsuce between the total ketone bodies and Lie acetoscetic
analysis gives the concentration of bete-hydroxybutyriec aseid. The
inoubating medium is treated in the same mamner, i.e, protein pre-
eipitated, shaken, centrifuged and ketone bodies detorwined, The
supernatent frum tissue snd suspending medium extrsets is spotied
on Whatman #3 as described previocusly snd chrowmatogrsphed in the
usual mapner. The radiosctivity of the €y units is then determined
by the radicasssy of sppropricte portions of the chromstographs and
total per eent inecorporation is calmulsted,

In this study of subastrate components, the desagé range of the
acetete mtudy was incrsssed. Control walues were cbitained by incus
bating tissue in buffer to which had been added no acetatei. The
acetats concentretion range ren from the highest dose, 63,0 uifols,
through a series of ten fold diluticns, to the lowest dose given,
0.063 uliols of agetate, Hach experimental run consisted of &



eoneentration study of at least four different dosages plus a
eontrol. There wédre a totsl of six such experimental runsuseing
ten animals in all, Zaeh point in Figupes 10 and 1l represents
the data from at lesst four andmals and sometimes six.

The total amount of Cy units within the tissue is smsll in re-
lation to the emount put out inte the medium by the tissuwe, 4 typi-
cal experiments will be presented that involves the analysis of the
suspending medium end not that of the tissue. 5Since the suspending
medinm was a reflection of the tissue zotivity as regards ketone
body production, this will be the only information reported here
for "tissue setivity",

Teble XI 45 2 summary of am actual experiment, Table XII, whioch
follows, is the data obtained from the radiocanalysis of the chromatow
graphic strips of three differcnt acetate coneentrations, 0,63, 6.3,
and 12,6 uliols of acetate per flask, Figuwe & is the graph of the
information obtesined when the chromatogram wes cut inte 1 om. strips
end mounted on alunimum dises and asseyed on 2 mechamical D-U7 Muclesy
Miero-}il window counter., Esch point on the graph represents &
total of 1600 counts whieh gives a statistical significance of .95

econfidence at a level of #+ 5 per cent accuracy.

55



56

+ 040

Table XI
Aoetoucetic A{:id Study | =858 )
) 5 Four ﬂm;' Fast
V. of Rat = 204 gm
.Vt. of Samples: b 4 b3 3 [ 5
13.7088 13.£855 13,7260 13,7025 13,6800
12,6850 12,6855 12,6850 12,6856 12,6856
1.0238 1.0000 1.0410 1.01920 « Pl
Seple Acetate-1-c2" opm/
Yo. mu 311
i 0.0 ul (1]
2 0.063 * 2 X z.eg
3 0.630 " z Xio°
9 6.300 * 2 X108
5 12.800 " 4 x 108
Suspending Kedium Ketone Nody Determinetion
 Acotoscetie Aeid:
Sauple ) Cptieal Totels ukiols/
Yo, Density ullols gn.
228 k4,65 &.57
2 o232 47L 4,71
3 +235 by 63 4,83
4 <240 4,89 4,89
5 276 5.64 5.6
Std. » 380 - e
Blkt nga o 2
fotal Tetone Podiest
1 o145 5.54% 5.4
& +180 6.52 6.52
3 2160 5.96 5.73
& +135 5.28 5.18
5 «185 6.76 6.70
Std. «230 — -
Blk. i




Table XIT

Chromatographic Radiocassay Data

12.6 udols Acetate~legi?

Re opa/

Distance MHoved Value Strip

17 em o5k 36.7

18 » 58 52.1

g = .61 83.4

20 ® o4 i92.2

- o L &7 135.0

22 * &?1 291’@

23 * TJh 925.0

2h 77 602.,0

25 " «80 85.6

2 ° «83 534

2 ° 57 414
Total counts per minute per gm of tissue = 180,671

6.3 n¥ols ﬁmt&taol'aciﬁ

iy @# 57 278

18 +# +60 32.8

i ® «63 56.2

20 * &6 102.6

- «70 92.6

22 " 73 17040

2 = 76 526.0

2 ® 79 270.0

2 " 83 40,0
Total counts per mimute per gm of tissue = 92,307

0.63 udols Aostatemd-Cl)

g » 59 0.0

i 62 Ge0

20 » .65 7.6

2 " 268 9.1

22 » g2 13.5

a3 " 75 .4

3"’ = 3?8 #2;3

25 ® +B1 6.0

Total counts per minute per gm of tissue = 8,000
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Yarying Acetate Concentrations~The three
graphs represent ten fold incresses in
acetate concentration as listed in the
figure. The chromatograms were ecut into
1 om. strips and radicassayed on a D47
Wuclear counter for & total of 1600 counts
per 1 em. strip.
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Figure 8



A typical sean of an emtire chromatogram is shown in Figure 9.
In this figure is plotted counts per minute per 1 ome. strip of chroma-
togram versus Af value. The ‘&etﬁ.vity in the upper Rf regien is due
to acetoacetic apid, but at this time it has not been determined what
is responsible for the high accwsmlation of asctivity a4t the lowsr Rf.
The total aetiviﬁ;y recorded betwsen Rf-,57 und Kf«,82 15 considered
to be wue to bete-hydroxybutyrie and acetoscetie scid and the per cent
incorporation of labeled ascetate is eslculated on this basis,

Total Redioactivity of Specified Rf Range

. X 100
Total Redieactivity of Dose

¢ Incorporstion =

Summary of the Data

Table XIII is a compilation of data obtsined from the experie
ments described sbove in which the accumulation of ketons bodies in
the medium was followed snd the radiocactivity determined. Fecorded
in the table are the smounts of total ketone body snd scetoscetic
aeid determin.’ after s speeified amount of ascetate had been presented
to the tisewe. Also recorded in this tsble are the standerd devistions
snd the stendird ervor of the results, The finsl colusn in the table
is the per cent of the dose of acetats actually incorporsted into G#
undts s ealoulated from the above equation,

When these figures are plotted sgeainst the coneentrstion of
seetate as in S‘ignru 16, we find thet up to concentrations of 6.3
uliols of seetate per grem of tissve per flask there is 2 linear ine
corporation of lebel into product: That is, us the asmount of lele’
ie inereassd 10 fold there is found a 10 fold incresse in cctivity

in the product, acetoacetic aseid. It ean be sald that tais system



mma ehromtagrapuic stri;,} &-hmh was
utiidzed in & metabolie axperiment expleined
in the text,was cut into 1 em. strips. Rach
strir was counted ior = votal of 1600 counts
on & D-47 Wuelewar counter. 7The counts per
mirate obtalned were giwptwd in respect to
the Rf valus on the chrowalogrei.
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is incorporsting acetate inte a produet without being infiuenced by
the amount of ascetete avallable, or, that we are working at tracer
levels in the system which ineludes only the mtﬁ.#at&.on of acﬁ’wu
by the cell and the condensation of two acetyl-S-CoA molscules to
form acetoscetyl-S-CoA. The C‘m;rn-a is then cleaved from the G
unit by the liver acetoscetyl3-Cold duicylm engyme,
Table XIXI ;
Total Ketone Bodles end Acetoscetio Aeid Deterwinations

ot el i run AP SO . P I ..
6 - 0,0000 M2uwM 192 W91 573 ud1.50 M5 0.0
5 00630 M1 " 170 .78 5,21 * 1.00 .47 5.6
5 06300 bl " 1,30 6L 597 % 90 W31 5.5
5 63000  B5 " 1,00 A7 5,87 " .50 .20 5.6
B 126000 5.2 % .68 .38 5.90 " .80 .39 5.l
% 63.0000 Ts5 * 1,36 .78 8,50 * 1.10 .83 3.6

* 5.D.= Standard Deviation
*¥ S.5.~ Standard Lrror
{ Fer cent Incorporation into Total Keton Bodies.

Idver isn't the only tissue which contuins the scetozcetyl~S-Cod
descylase, but it appears to be the only tissue which lacks slmost
completely the acetoacetate setivating enzyme. In other tissues,
deacylation is matched by muetivat&an and the net result mey be
an insignificant sccummlation of geetoacetie aeid. In the liver
slice preparation, the conditions do not zllow the % units proe
duced to be transported to other tissue and ﬁuy thus diffuse into

the sebstrate.



¥igure 10
Per-Cant Incorporstion-

£ Incerp, = zﬁm ﬁaﬁi@&ét&ﬁt} of Specified RE R -
‘ ﬁ Total Redionetivity of Lose
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Figure 10



A8 the smount of aeetam-l*cy“ is increased over 6.3 uliels per
flask the per cend inmmr&tim; into Gy units decreasss. At 63.00
uliols of acetate the incorporstion has decreased to less than 3.6
per cent, The per cent incorporstion figure 1s a composite of two
messuraments, speecific setivity and compartment sige. 4s is detailed
balow, &n inersase in this lasf. paraseter may be & key fagtor for the
present interpretation.

Figure 11 is & graph of the total smount of acetoscetic asid
and total ketone bodies present in the substrate as the ceetete dose
age is .ﬁaroaw:i. The zeotual inecresses in total ketone bodlies and
acetoscetio scld are accountable for by the amount of acetate thst
was incorporated int.a.' this fraction. For instanee, the ineresss in
total amount of ketone bodies frem the 63 uldol dose of &cmte ovey
the control dose is on the order of 2.5 ndols of t':lF units. At tidie
lsvel, 3.6 per cent of the dose was incorperated, which epproximztes
2.6 uinls of aéetatas This, of course; would produce 1.J wivls of
scetoacetic acid, but this ie in feir sgreement when compared withe
in thi limits of standard error.

Here then may be one of the “botﬂe necks” in the linear incor-
poration of scetate into fatty aeid und cholesterol with inereusing
concentration of seetate. This is not an unreasonasble finding if
consideration is given to the previous remsrks. Once agetozcetle
acid is deactivated it is no longer avallable to the liver slice for
metabolic purpeses beczuse there is no activeting enuzyme in liver
caepatle of forming zcetomcetyl-S-Coid from the free aei«:&; The same
ean be seid of beta-hydroxyoutyrie aeid and eonsequently they hoth

€3
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_.. Fat Lh e 1 LEBLONE JSQULeS & SEYing sgE
Concentrations-The wpper graph represents total
ketone bedies fexwed poar gm. of liver tissue 8
the concentration of acetate wes lnoreased from
0 = €3 udels per finsk, The lower ¢raph represents
the amount of scetoacetie seid formed per gm of

liver tissue cver the sama cobcenirstion range,
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acewsmlate in the suspending medium by diffusion from the cell.
Another point whiech is evident from these experiments is the faet
that the increase in totol khetons bodies is due entirely to acetow
scetie aeid. This, of course, means that the scetoacstic/heta~
hydrexybutyrie acid ratio is ghanging. This sgain is not too sur-
prising when it is remembered that the conversion of scetoacetie
aeid to veta-hydroxybutyrie acid is DFNH dependent wnd that without
&n exogenous supply of glucose our system comld very well have 2 low
DYNH/DPN ratio. |



CEAPTER ITX

DISCUSSICR

The use of isotopes up itracers hes becore z common procedure in
regent years and with justificetion. Many investigstore, if asked,
define "tracer’ as a molecule comwon to the secuwence being studied
and non-distinguishable from the common metebolite by the system
erploying it. 4 few workers might further quelify their defimition
to include the statement that the amount of tracer presented to a
recetion should not be in smounts sufficient to alter the rate or
eguilibriun eonditions. It is this uatter of the smount of ndded
tracer thet hes been shown by our 1£%aratury{§?} to be more gritical
than heretofore considered,

The assumption mst be made in defining a tracer dose that
~thin the linite of tracer conditions, the amount of lebel aprears
ing in a certain fraction will reflect the smount of label pade
available to Lhat system. However, whem tracer condition: &rs viele
eted, the concentration of the label per se will affect the rate of
the reaction end pesrhije the equilibrium position of the resetion or
resctlon sequenced,

In considering & generel spproach to the definition of trucer
conditions, the following schematioc Allustrations mey re useful,
This ddagram represents 2 metabolie pool of & frem whieh there is

formed the products, A*C, A*C; end ﬁ?nf
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La%k >  A*E, AP

A
ie B2l ey A%, a0
Kevd > A*D, AD
& = Precursor

A* = Lsbeled precursor
E = 4 rate constant

A%E, A®C; A®D = Products

For general purpeses, let us consider only one of these pathways.

80y 2B, A5

In & normel metsbolizing system this reaction sequemece may be the

summation of 2 number of resctions.

;-m,a-;k;lm—* ﬁ*ﬁ“ »”Egu» a*g\* «.....k.am:? A‘?

K
where Ka*h zé ky and A%A" and A*B® are intermediates in &
metabolie stream.
To relate such a scheme to our present discussion it is nece
essary to add an adaitional pathway, div%rg;mt st ons of the inter-
mediate steps,

A
A .......EL—) AL m;f;g*ﬁ AR ...&2..3 A

khy .,? AEARS



If the amount of A* added to & system is small relative to A,
we will find & certain amount of A* im 2ll of the intermedlates
listed as well as in the produet AP, If we inerease 4%, assuning
again that thié increase is small compered to total amount of 4,

& proporticnate rise in the smount of A* in cach and &ll of the
intermediztes and products would be antieipated, These conditions
can be described as fulfilling tracer conditions, that is, the system
is in no way altered by the presence of A%,

It is spparent that 4f A* is increased further in amcunt, there
is some coneentration whieh will effect the system. What kind of
an influence can be expeocted and where will the influence first be
spparent? These are logical guestions and en sttempt will be made
to answer them. The first influenee one might consider is in the
rate or rates of the resctions forming e product., Ome of the eurl-
iest changes to be noticed then, might ke in the preduet. Whether
the amount of influence would be to inerease A®E or to decrease A®E
¢an not be predieted., 4ll that ean be said is, if A* is increassed
t¢ an smount large enough to gause slterations in ocur system, these
alterations skould be reflected in the smount of 4% sppearing in A®B.

Let us suppose that A*D has been messured under *tracer® condi-
tions and then under non-tracer conditions. It is found that there
is : deerease in the mmount of A* arriving in the produet, A%S, as
A® was inersased beyond tracer limits., This implies that A* is being
slowed down or stopped inm its movemant toward the produect. If all
of the intermedictes, A'B", ATA", and A%A™® can be messured, it
might be expected that one of these intermedlates would heve secumue~
lsted o grester portion of the lsbel A%, Ur to put it another way,



there should be an accumulstion of A* in some fraction of our scheme
if indeed 4* entered the metsbolic sequence.

If an sceumulation of label in some intermediste could be showm
snd followed over 2 concemtration rangs of A"‘, then limits could be
defined for this system. Uorking within these limits would be work-
ing at tracer lim;ll of 4%, and going beyond these limits would vio-
late tracer conditions and en indication of the capacity of this
system would be aseertained.

A4 practiecal obstécle in the shove presentation is that none of
the intermediates or products f{rom a mstebolic system sre determined
in terms of A®AY, A®E®, or A%: alone, but are evuluated in terms of
AB present so that comparisons between systems ecan e made., The
megsurement of A®B as related to 47 is & common and accepted prac-
ties and & valid one for the term specific activity is widely imown
aend utilised, In this hypotheticel system, speeific cetivity is

defined ast

el oL
peoifie Astivily = imount of AL + Amount of 4i*R"

It is resdily apparent from this description that ecomparisons of
specific activities implies a constent emount of produet and a con-
gtant precursor compertment sise. If either of these parameters
change in valua, the term speeific sotivity loses its comparitive
value and needs to be interpreted in terms of the changes just
considered, _ |

Before pursuing this line of reassoning further, iat us °cgn-
sider & system about which we gsn be more specific.

é9
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When awtata—l-—cl& i35 added to rat liver siices incubating in
Krebs phosphate buffer there are a2 mumber of pathuays availa};la for
its utiligation. Common to all of these pathuays is vth& step of
acetate activation to ucetyl-SeCoi. The quuﬁon has been roised
that perhaps acetate per se is not & normsl metsbolite in this tissue,
only the activated form. However, since there is a "speoiflc snzyme®
presant in rat liver for scetate setivetion, teleclogioal reascning
would suggest that scetats mmst be a common metsbolite within this
system, otherwise there would be no reason for the existence of the
enzyme, It 48 zlso true that scetate constitutes a part of the diet
of hamans while in ruminante, it may constituts a major source of
digested and sbsorbed earbon. After the sctivation of asetate to
acetyl~S-Coi, it can be diverted in a number of directions., It may
condense with oxalacetate and become part of the tricarboxylie acid
eyele., It may slso condense iszith another molecule of its oun kind
{0 beoome scetoscetyl-S-Codi If acetoscetyl-S-Coi is formed, then
the sykm way diverge further for acetoacetyl-S-Cod san be reduced
to beta~hydroxybutyrie seid in the presence of adequate [FNH and be
converted to & fatity seid moleoculs, or it can condense agein with
socetyl-S3«Coi to form & six carbon meiety common to cholesterol
wetabolism.

imerson and Van E‘m;:gmwg) have shown that zs the consentras
tion of acetate is raised from 9 X 1070 to 9 X 10™% molar, the a-
mount of label incorporsted incresses with ineressing dosage of acetate
in all fractions studied; €Oy, fatty aclids, and cholesterol, btut not
to the same extent and not linearly in the cvase of fatty soids and

cholestercl, For the fatty seid forming system of thisz tissue,



there were no conditions studied where there wes a theoretical
linear increase of setivity into the fatty acide formed on incroease
ing the dosage of acetate. This same situstion was fornd true for
the cholesterel fraction and dﬂiat.ién is even more pronouncsd.

Sinee tha:act.twuon of acetete is common to &ll three wajor
pathways, C0,, fatiy aeid, and cholesterol, this was of course the
first conslderation, Eowever, if in the dosage study, the sc¢ctivation
‘of acetate was the rate limiting etep, this would be refleoted in the
aaz producing pathwsy as well as in cholesterol and fatty acid synthesis.

That lzbel can be incorporated inte CO, im & linear fashion over the

4
some conecentraition range that :ppecrs to limit the amount of label into
the other fractions would indicate that the sctivati-n of acetate is
not the primary rate limlting step. If acetate is being asetivated,
then there should be an secumlation of radicsetive metsbolite some=
vhere along the pathway, if imdeed thers is & block to the flow of
acetate into fatty sclds und cholesterol. | |

The sequence of acetute ﬁtim_nﬁm next lsads us to the condemw
sation of two acetyl-S-loi molecules to form acetoacetyle-S-Coi with
the liberation of fres Coengymewi. If this were the rate limiting
step, one would expect to find an sccommlation of aeatyl-S«Cod. That
this does mot happen has been shown in this laboratory with the use
of hyﬁrmvimim to form zcetohydroxamic acid frem liver tissue with
subsequent chrometography. There is no accumulation of color on
nméying the chromatogram with ferric chloride color reagent nor
any scowmlztion of radiozetiviiy at the Rf value corresponding to
seetohydroxsmde 2cid.
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In redicsssay tracings of chromatograms prepared from liver
tissue incubated with acetate, it was found that there is 2 consis=
tent scewmlation of radicasctivity within 2 certain area. This ace
tivity has been shown to be due to scetoacetie seld.

ifter determining the amount of radicactivity in the €y units of
tissue extrscts, 1t was still apparent that there was label not belng
asccounted for which under theoretical cnﬁa&dnrmima should have
arrived in the product. This was resolved when the suspending med-
ium of ocur system was analyzed for ck units. A4s presented earliier,
most of the aetivity found in the suspending mediom was &sa@cum
with C, units (ketone bodies) which had besn formed zs acetoacetyl-S-Cod,
reduced to the free acid and was ne lmgi:z' available for metabolie
purposes bmusg of & lack of setivating engyme in this system.

With the preceding information, the follcwing more specific
scheme of metatolism, &8 compared to the general scheme suggested

earlier, is proposed.

> Mg

- Choles~
; terol
‘}“ Fatty

.&ﬂkﬂ W ﬂ“fg‘lmﬂ-m st TLEE0E  wwmwmed feids

|

4
Mediun

The met#bolle pool which was described earlier as A* is now de-

fined as ths dose of acetate made aveilsbie to the liver tissue slice.



From this pool is arising caa, cholesterol and fatty acids through
the metabolic pathweys deseribed in the scheme of fatty sedd synthesis
from scetate described esrlier. As has been shown by Emerson and
Tan Bmggm(”}. and data presented in this thesis, a certein dose of
acetate gives a different response depsnding on whieh of the three
large fractions of the sbove scheme is studied.

That the setivation of soetsts is not limiting is shown by the
faet that €O, responds in a linear fashion as regards ineorporstion
of scetate up to doses a8 high az lﬁ"“ moler, whereas the incorporas
tion of seetzte into fatty eseids and cholestercl is not linear st
the lowest doses studied, 10~% molar, From this information it mst
be sssumed that the activation of scetate is net g limiting step.

From the scheme above it is ovident that the fommation of acetow
agotyl-3-Coa by the condensation of two setive scetates is the next
common intermediate in cholesterel and fatiy acid synthesis, When
the sotivity of the ﬁk intermediate is anslysed it becomes iumedi-
ately aprerent that here is st losst one of the major pathways fow
diverting acetate from its flow into fatty seid and ch&lastoiﬁi Syt
thesis. When the C) units of the suspending medium are determined
85 to smount and incorﬁarnﬁm of label, it is shown that up to doses
a8 hight es 12.6 udols of xmtatﬁ-h@}'“ per grem of tissue per 27 wl,
of sibsirate can be incorporated inte this system in & linear fashion:
All &us of scetate up to 12.6 uliols caused 5.5 ¢ of thét doako to be
incorporated into the C, wnits of the suspending medium, When 12.6
udols are used théro ﬁppuaré to be a decrease in ¥ incorporation snd

when the dose is extended to 63 uliols the ¥ incorporation h:s dropped
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to 3.6 . It is this lmi;l of scetate that csuses n deviation in the
CO, response curve and the possidility presents itself that at this
level of acetate concentration the system is reschings its limits of
secetate activetion,

The statement has made earlier that Af en sccummalstion of label
in some intermediate eould be shown apd followed over & concentration
rangs, them limits could be defined for this partlieuler system, Ve
‘feel that this has been meomplgshed for the system outlined snd thai
any attempt m determine yates of rewetion or fiux through s particue
lar compartment are doomed to misimterpretstion if the lsbel being
used is not funetioning under trucer conditions. If rates of reage
tions are being influenced and/cr if compertment sizes are being
changed becsuse of the afiset of the tracer, then nothing more is
being measured than the eapaeity of the system,

That nonetracer conditions can exist has been shown in the work
of this thesis amd & system has been deseribed and sxperimentally
developad to point out where in the flow of metsbolites the sygtem
has been ailscted under "tracer and "non-trucer” conditioms.

In previous remsrks the premise was put forth thet &f & lebel
uas presented to a tissue in concentrations not exceeding trucer
amounts, this label would be incorporated into & produet without
in any way influencing the rate or wmount of synthesis of this Pro=-
dust. If et any time the amount of lubel is presented in such quante
ity a2 te influence this rate or amount of synthesis, then tracer
conditions have Leen vielated. 4s hus been shown from the previcus
data, this smount of lsbel is considerably less, in the case of

ar:etamwlncl &. then has been appreeisted by a great many workers,
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CHAPIER IV
SUGURY STATIMURTS

1. 7The prepurstics of & variety of hydroxsnio sei & wa8
esrried out using the pethod of ¥, Inowe and E, Yukaus with modie
finetlons ap listed in the text,

2, The Rf valuss of & mumber of importsnt blologiesl hvdrexsmie
sedd derivatives were determined,

Je A guentitetive detersinstion of hydroxamates wes developed
using & modification of the Lipmann and Tuttle tectwdque und using
standard selutions as prepared from 1 atove,

&, Inown amounts of laurohydreximete were sluted from shromato-
graphie paper snd determined with the quntitétive technique develeped
stove and this elution techmigue woe sloe shoun to bs quantitative,

5« The celor of laurchydroxamate feriic complex wes determined
to be stsble uwp to &b least o hours under the conditions employed.

€. The ensymatie formation of hydroxamstes was demonstreted snd
compered to the wmount forwed in on equecus cell free wystum,

7+ Comnversion of thiol seyis in bielogieal yystama was shown to
be repld end guantitative &8 was the recovery of these derivatives
formad by the tissue.

Be 643 molsr hydroxylemine wes shown to be optimsl for the complete
resctivity nfl thicl seyis while aliminating carbvexylic esters from
reaction.

9. The inhibition of tlssue enzymes corwerned with snaymatie
Tormation of hydroxamates wes shoun t9 be complete with 70 degroe teovp-
eratare ingubation for 10 minutee prior to rescting with hydroxylemine.
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16. The liver slice technique was deseribed,

1l. Two methods for assaylng radicsctivity of chiromatograms were
described ap wus slso the equipment necessary for this assay.

i2. The results of an attempt to separate hydroxsmates uzing
column echromatography wes presented sm& the sonclusion drawn that
soet0, Gy, could be separsted from painitohydroxamate, O 4.

13. The method of Bessman and Mraon for toe determination
of ketone bodles was outlined. Interfering substances were listed
and the limitations of the method discussed,

14, Heny of the sbove techniques were employed in studying
metebolizing systesms in relation to their response to increasing
dosage of mtah»lw-clh. The analysis of ketone bodies and the
rediosetivity ussociated with these natébolitos wag showne It wap
concluded that the liver slice technique is much too sensitive to
the concentration of acetate for any analysis of rates of reaction
te be considered.

15+ 4 theory of tracer methedology is presented based on the
experimentel data of th & theeis: The main conclusions to be drawn
from this dats is, 4f at any time the amount of label presented to
the tissue is in sueh quantity &3 to influence the rate of resction
or the cumpartment sise of a precursor, this changes the interpre-
tation wbich ean be placed on specifiec aetivity data. It also implies
that tracer conditlions have beswm violated snd that the label is mo
lenger being hendled z® a tracer molecuie. it ie showm that this a-
vounl of label is considersbly less in the case of uwtau-lpém than
has been sppreciated by the majority of workers in the field,
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