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IBTRODUCTION

Carbehydrate storage in the body is influenced to & considerable
degree by the amount and the compositien of the diet. One significant
study in this regard is that of Nirskd and co-workers (32} who showsd
that feeding diets rich in carbohydrate led to inereased liver glycogen
storage in rats, while a high protein diet had little effect in norral
animals. However, following a twenty-four hour fast or a cold stress of
several hours; the rats previously fed a high protein diet had increased
liver glycogen compared to rats prefed a high carbohydrate diet, Mirski
and cow-workers (32) termed this shenomenon of inereased liver glycogen
storage following stress in snimals prefed a diet high in protein as
the "protein effect.” This observation of the "protein effect™ has
been further confirmed by Guest (13) in 1941 and by Heuburger and Brown
(34) in 1942. Todd and co-workers have amplified these findings on the
“protein effect” in a series of pespers. (6,42,43,45,46),

Tedd, Dernes amd Cunningham (45) reported prefeeding rats a diet
eontaining ten percent of the amine acid plyecine and obtained liver
glycogen levels after a twenty-four hour fast, sume three times that
Cound in rats prefed a contrel diet lacking the added glycine, After
a twenty-four hour fast rats prefed dietes containing lL-leucine or
Leglutamic acld, failed to show any change in liver glycusen storage
compared to rate prefed the control diet; although, D,l-alanine pro-
feeding did show a slight incrsase of glycogen storage. The increased
liver glycogen levels following a twenbty-four hour fast in rats prefed

glyeine was termed the "glycine effect” by Todd and co-workers (45)
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This term seems preferable to "protein effect” since the later work
involves feeding extra amovnts of glyeine and not of protein,

The "glycine effect"” now refers to the :’mmasud rlyeogen storage
after stress, and the inoreased glyecogen synthesis during reccvery
after stress in rats, a8 a result of prefeeding a diet contalning ten
perecent of added glyeine,

- Cunninghar, Barnes and Todd (6) employed & eombinsblon of a fast
| and @& rather large dose of imsulin as the stress condition. In these
experiments the glycine-fed animals showed ten tipes as mmeh liver
glycogen as the control-fed rats at {ive hours following insulin
administration. Also, the depression of blood sugar was much less
marked in the glycine-fed animals, leading to the conclusion that the
extra carbohydrate in the plycine-fed snimsls could nob be explained
on the basis of a reduced rate of glycogenclysie in these animals,

finger and Lusk (35) found that injested glyeine was quantatively
excreted as urinary gluccse in dogs made gluweosurie with phlorhisin,
This indicated that a possible pathwey of glycine metabelism in the
body was its comversion to carbohydrate material. However, Ulsen,
Hemingwey and Nier {(35) reported an incressed liver glycogen lovel
sixteen hours after feeding glycine, labeled with ¢*> in the earbaxyl
group, to mige, but the glycogen contained only cme percent of the
isotope fed., These data indieate that the effect of glyeline on the
glycopgen stores in indirect,

Talman and Todd (46) determined the free and tobtal glycine and
total protein contents of various body tissues in rate prefed either the
control or the glycine diet, Total protein eontents of the varlous
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tissues studied did not differ between the two dicts while in kidney,
liver, muscle, blovd, and intestine, increased arcuats of free glyeine
were found in rate prefed glysine, and the blood and intestine zlse
showed some of the inereased glycine comtent to be in s bound form,
Caleulations were cutlined from the data presented and from data
obtained in the insulin experiwents, indicating that animals pe fed the
glycine diet have in their bodies, after an eight hour fast and five
hours of insulin action, about six times as much carbohydrate as can
be accounted for by direct conversion to carboliydrste of the extra
glyvine present before the action of insulin,

Hees and Shaffron (16) studied the glyceneognetic action of glyeine
in fasted rats, They gave the amino acid by stumach tube and determined
liver glyeogen levels at various post fmciing pericde, Two peaks of
glysogen formation were cbserved, the first, althouph very small s Was
found at wne hour after the jlyecine feeding and wes considered to PUTT O~
sunt direct conversion of glyeine to glycogen. The scoond Jeak;, Tound
at fourteen hours after glycine feeding, was considered to constitute
- evidence of an indivect effect, i.e., glyconeogenesis from a source
cther than glyeine.

Taliwan and Todd (42,46) found that nitrogen rebention was groater
during the first twenty-four hours in rats fed the glycine diet, while
during & twenty-four hour fast, nitrogen excrstlon wes greater in rate
prefed the glycime diet, These data provide additional evidenge that
glycine effects sarbohydrate storage, not through a direet conversion
of injested glycine to glyeogen, but through incressing glyeconeogenesis

feon cthar sourees,
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Todd and Allen {44) reported that adrenalectomized rabs falled to
elicit the “glycine effect”, but when such animels were maintained with
hydrocorbisone (1 mg hydrocortiscne per 100 g body weight twiee a day
for two days) the "glycine effect” was clesrly evident. At the present
time it appears that adrenal cortical hormone, stress, and glycine pre-
feeding areé recuired to demonstrate this phenomenon. It is likewise
alear, howsver, thal exira cortical hormone is nob a reguisite,

in recent years bicchemicsl studies have clearly shown the vast
majority of chemicel resctiocns within the living organismtole enazyuable
sally controlled. Glyecogen is mo exception as evidenced by the actions
of the enmynes g,;hesg;&zérylase and glycogen synbhetase. The general

glycogen cyele may be émmmr&md by the following scheme:

(1)
UDFG* Y55 Tyrophosphorylase Gl b
[
Ubher Fathways vbher ratbways

The two enzymes of interest here are phosphorylase and glycogen
gynthetase, Both ensymes require the presemge of glycogen for activity
and both ave involved with &=1,4-gluccsyl linkages of the terminal
gl&aome units in glycogen chains. Lelolr and Uoldemberg (22) have used
differential centrifugsbtion of {resh tissus homogenates o ahow that
both phosphorylase and glyeogen synthetase followed the glycogen [race

tion; and appeared to be very intimately bound to the glycogen molecules.

# UDFG = uridine diphosphoglucese, (-l-I' = glucose-l-ghosphate,
Fi = inorganic phosphate



Musele phosphorylase differs from most enzywes by having two
distinct forms, an active and an insotive molecule. Fhosphorylase has
optimm activity at i 6.8 and opbims temperature between 37 ko 39 C.
The active form of phosphorylase i quite olten referrved o as phose
phorylase=a and according to Green and Cord (12), has a molecular
weight of around 340,000 to 400,000, bul more recent reports indicate a
molecular weight of about 495,000 (1%). The function of phorphoryluse
is to catalysze reversibly the transfer of glucose unils between glucose-
lepiosphate (Gel-F) and the terminal glucose unit on glycogen. In this
reaetion inorganie phosphate (/i) is either corbined with s terminal
glucose unit to form GwleP or is released es the glucese is incorporated
into the glycogen moleculs., 4 spesifie ratio of Fi to Gelel of less
than 3.5 is necessary for phosphorylase to vatalyze the formation of
glycopen from G-l-f in witrg. Jince analyses show that suscle tissue
hae a rabio of around 275 {26) it seems unlikely thal phospheoryluse
synthesizes glycogen in vive. More likely, the enzyme nomally degrades
glycogen.

ihosphorylase activity determdnations ubilize the reversibility of
the phosphorylase reaction by decreasing the ratio of Fi Lo G-l-F to
below 3.5, thus causing the enzyme to synthesise glycogen. In this way
a realisble determinstion of phosphorylase activity ls available by
measuring the amount of Fi before and after the engymatlc acbion.

vusele phosphorylase-a is inactivated by phosphorylase-rupburing
enzyme or prosthetic-group removing enzyme (iR onzyme) forming twe molew

eules of phosphorylase-b, each of which sesrs to be equivalent teo sboub
half of the phosphorylase-a molecule. The molecular weight is gbout
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242,000, OSonversely, the twe molecules of phosphoryluse=b are converted
to one molesule of shosphorylase-s by the seticn of phosplivrylase=b

kinase, These two rescticns may Le swearized as followas

phosrhorylase-a Ix ensyme > 2 phes;{:heryhu-b(
% 2)
L PL
and, _
% phosphorylase-b Fhosphorylise=s
e * * (3)
b ATER | I, ADp

rhosphorylase~b hss an absclute depsndence upon the prosence of
sdenylic acid (adenosine monophosphate - AL} for in witre activity.
Fhosphorylase=b, in the presence of /M- has been showm by Corl and co=
workers {4,5) to have essentlally the same ensyme ldnebics as vhose'
ghorylase-a, In the prescnee of Al it is pussible to determine from
une enmyme preparabtion, tobal phosphorylass astivity, ;&;ﬁé;mozﬂgfi:ssnaa
activity and the inactive {raction whigh ¢sn be obbtuined by subtragtion.
The aetlon of A% on the phosphorylase mclecules appears ‘tﬁ lower the
enerzy of acbivatiecn (5). & cosbination of AF with phosphorylase hae
been demonstrated by ultracentrifuge and spectrophotanetrie studles,
Ultracentrifuge studies (20,31) utilising different ratics of plOSw
phoryluse to A, demcnstreted breaks in sedimentstion and diflusicn
curves indiecating that two molecules of Al bound one moleculs of
phosphorylase~b, while four molecules of ALl bound cne mcleculs of

chosphoryloseen, These imvestigatdrs (20,31) vtilizing a spectrophotoe

% ATF adenosine tripﬁoeg:mm, AD¢ adennsine diphosphate
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metric shift in the ultraviolet peaks also demomstrated the binding
of ANP with the two different phosphorylase molecules.

A further exomple of the catabolic nature of phesphorylase is
found in studies on glycogen storage diseases in humans (15,21,22,23,
20525,33,39). In these muscle diseases there is a normal or inersased
smount of glycogen present, and a total lack or an extremely omall
amount of phosphorylase activity, indieating the requirement of the
ensyme {or glycogen degradation.

The presencs in tissues of the eazyme responsible for anabollsm
of glycogen wes Tirst reparted by Leloir and Cardini (27) in 1957.
This observetion has been amply confimmed (1,14,24,26,28,29,37,39).
Later Leloir and Goldemberg (28) named this glyeogen forming ensyme,
glycogen synthetase (uridine diphosphoglucese=glycessn transplucosy-
lase). lycogen synthetase functions by catalyzing the transfey of
glucose frem UDFG (uridine diphosphoglusose} to a terminal gluccse of
an o=l h=glucosyl linkege of glyscgen. This engme has been shown to
have a rather unphysiologie optimum pH between 8 and £.5 and an optimm
temperature of 36 to 39°C. With UDFG as substrete the Michaelis con-
stant (K,) for glycogen synthetase is about 5 x 1()’1" M (22,29},

Enzyme characteristiss for glycogen synthetase are similar regardless
of the tissue from which it is isclated.

Radiolsebope studies (22,29,37) utiliming Clheglucose in UDPGH
heve shown that during the action of glyeogen synthetase, the CHlglom
cose is quantatively transferred to glyecogen. In some of Lhese test

systems UDF (uwridine diphosphate, UDPG after loss of glucose) was
mensured, Comrarsble engsyme activitles were found using either the



UDP roleased or the isotopie activity of glycogen as end peints,

In the elueidation of the characteristies of glycogen synthetase
fran liver, a heat and acid stable activator was found., This achbi-
vator proved to be glucose-b-phosphate (G-6-P) (29), The activation
of glycozen synthetase by Gwb-P was highly significant since the
activity was increased 4 to 15 fold, Hal{ maXimal inereese in
enzywe velocity was attained at extra Ge6-F concentrations of 6 X
1074 1 (29), The specific function or action of G=6-F is still une
Imown, although it wasmggested (28) that a "protection” effect is |
afforded the eazmyme s0 as to lessen any imactivation by other
eonstituents within the assay sysbem. Other phosphorylated sugars
guch a5 galactose~b-phosphate and fructose~-b-ghosphate have shown a
definite "protection” action similar to GubeP, but to a lesssr axtent.
This ‘protective” action of U=beF iz wore proncunced in highly
parified glycogen synthetase preparstions than in crude enzyme prep-
arations, although G-6-P is without effect during storage of highly
purified ensyme even when stored at -15°C for twemty-four hours.

‘ ﬁimilarif.iss between phosphorylase and glycoren synthetase are
camparabls in twe significant mapeébs; glycogen is a common subsirate
and cysteine ie a cormon activator or "protector". Cysteine has a
small, consistant action {"protestive® ?) on phosphorylase even in
erude exbracts, while the astion on glycogen synthetase is small or
sbsent in crude axtracts, but is very proncunced (up to 50 percent
increase in activity) in highly mrified systems, Gl eogen synthe-
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tase ls insensitive to the presence of Ge=leF, AMF, ATF, galactosewl=
phosphate, or insulin at low concemtrations, while sometimes these
compounds have a drastie effect upon the activity of phesphorylage.
Epinephrine lacks any effect on glycogen synthetase except in very
high, unghysiological concentrations (37) (from 5 to 50 ug per ml)
while the effect of even amall smouvnbs is very proncmnced on active
phosphorylase., This action is through activation of ;%h_osi:vhmwlaao—-b
kinase which in tumm forms phosphorylase-a from phosphorylase-b.

\s shown by the "glyeine efiect”, the constituents of a diet
mey have a very marked effect upon metebolie pathways. in the cup-
position that 10 percent glycine in the diet of rats ray couse
inereased blood and tissue armmia, the possibility of a "Laxeity"
t’hét might effect sume enzyms systoms and not others was considered,
Ammonda toxeity in rets has been partially alleviated by the admine
istration of érginim (38). Under experimental conditions cutlined
in this thesis, feeding arginine failed to influence the typilecal
"glyeine effect.” Creatine is a metabolic product of arginine and
-was prefed as an addition to the glyeine and control dists in order
to detervine 1f it influenced the "glycine effect,” |
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¥ale Sprague-Derwley rate weighing 150 to 250 & were used in
&1l experiments., The weighte of the animsls en the centrol or the
experimental diets were matched at the start of each experiment.,

Four experimental diets were enployed; contrel diet » sontral
ddet with added crestine, glyeine diet, and glyeine diet with sdded
ereatine. The sompositions of the ¢ontrel and t&m glycine diets are

shown in Table 1.

Jable 1

Composition of Glycine Diet and Control Diet
Control Ration " Glyeine Hatlion

Pergent Fercent

Caselmt 16 ' 16

Yeasthsn 10 10

- 3al% Mixturersw 5 5

Cottonseed Q11 5 5

Cod Liver 041 2 2

Dexbrogeisitie a8 a8

Daxtrink 5h Lk

Glyecine 4] 10

* Hutritlional Plochemicals Corporation
# Squibb (flavered yeast)
#i Hutritional Biochemicals Jorporations {Salt Hix W)
®Rt Wesson Of1

FRENE Mallinckeodd (anhydrous)

The twe basie diebs shown in Table 1 differ only in their cone
tent of dextrin and glycvine. Ths other two synthetic diets were PG
pared bty adding twoe peresnt creatine to each of the sbove rations,
The two basie diets were designed to give a tobal of twenty percent
- probein, supplied by the casein and the yeast, This amount of PP
tein allows satiefactory growth for semi-synthetie rations. After

thoreughly mixing the dry ingredients, the Wesson Uil and the Cod



Liver Cil were incerporated to yield a homogenous mixture.
The handling of the animals may conveniemtly be deseribed

under three categories, A} pre-experimentel, ) experimental, and C)

posteexperimental,
4) The pre-experimental or stock colonmy animsls were placed in
indlvidual cages upom arrival from the breeders. "‘Z‘!maq animals
were weighed each day in order té aécustm them %o frequent
handling, and to ascure that the animals were healthy ae far as
eould be ascertained by physiesl exardnation and by weight gain,
B) ‘The experimental handling of the rats consisted of placing
them on control ration Yor cne day to accustom them to synthetic
diets, AL the end of the first twenty-four hour conditioning
period the animals were matched ag %o weights, and then placed
in the desired group and fed ome of the aprropriste expesrimental
diets, After eighteen hours on the experimental diet, the food
was removed, weighed, and the aniswls weighte recorded, 4 final
meal was divided and given at two different times, The first part
of the meal; received by all animals was given ilmmediately aftey
eanpletion of the previcus eighteen hours; thls part wos two g
of the control diet sonbaining sll ingredients exeept glyeine,
dextrin, and creatine. The second part of the finel weal was
given two hours later by stomach tube; and was composed of &
solution of dexbrin only, glyeine plus dextrin, dextrin plus
grezatine or all three ingredients, It wes designed to egualize
food and calorie intake among the animals of an individual experi-

went, and reprosented an amount of these substances eaudvalent
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to that contained in two g of the diet uwnder study. Fowr heurs
following the stomach tubing, ab which time abscrption is essen-
tially complete, some of the animals were sacrifieced and others
subjected to stress.

The stress employed in all of the work reported here coi
sisted of swimming the rats in 3,1.0'3' water for three 10 mimute
periods with 30 minute "rest" periods betwesn swims at room
beupersture, The animals were wet, ocold, and shivering during
these 30 nirube intervals ovt 55 the water, which made the stress
a tobel of one and one-half hours. Some of the animals were sac-
rificed lrmediately and are referred to as stressed animals,
vhile obhers were allowed to recover at roum btemperature for an
8dditional three hours belfore they were sacrificsed. These sulmale
are referred bo as recovery anlisale,

It has been previocusly establiched in this lsboratory that
pore consistent glyeogen levels are cbtained by sserilicing the
anivele in the moraing hours. Therefore, the experiments were
arronged so that the snimals were started on the stress, or nan-
. stressed rate saorificed; at a time between 7:00 and 8:30 AM.
¢) The post~experimentel treatwent concerns sserifiecing, and
handling of the tissues alfter death. 41l anisals were uniformally
killed by an intraperitonsal injecticn of 0,6 to 0.8 ml of
Herbutal, Uhen deep anesthesia was attained the right gostroe-
nerdus musele and the liver were removed and assayed for slycugen
by the wethod of Good, Kramer and Somogyl {11), The zincose was

estimated by the Shaffer<Hartmanm method using the Souogyl rodie
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fioation (40). Following the removal of the liver, the skin ef
the left rear leg was stripped back and held with a hemostab,
fhe two hind legs were strebched and tied around & wire frame.
The entire posterior end of the ret and the wire frame were
emersed in & dry iee-sthancl ecld bath (=70 to ~78%C) for four
to five minubes, After the legs were well frosem, the entire
1aft lez was renoved from bhe body of the rat, wrapped in aluvrde
oum Poll and stoved in a dry ice chest surrounded by dry lce for
the determination of engyme activities at a later date.

£ Xy i
rhos: lase vity., The following reagents wers used in the
detersinztion of active phosyhorylase { phosvhorylase-a) and of tetal
phosphorylase, |

1. Glyeerophosphate buffer: 0.08 K sodimn betaglycerophose
phate in 0.4 ¥ sodivm {lucride, pii 7,0 at roam bemperature,
wap stored at 3 to 5%.

2. Cysteine: 0,06 ¥ eysteins sclution {free base from lutrie
tional Biochemieals Corporation). The reagent was stored ab
3 to 5°C end preparcd fresh biweekly.

3. Hlucose=l=pliosphatom=;lyeogen-——adenyliec acid reagenb: 45 mi
glucose-l=phiosphate (Gwlei), and21m¥ rugcle adenylic acid
(adencsine monophosphatem~ill} in 1.3 percent (w/v) glycogen
solution, pi 6.8 ab roum temperature, was stored et =15 te
-20°C,

L, Clucos@e=lmphosphate-—zlycogen peagent: 51 lucoge=l~phos-~

phate ((w1er) in & 1.3 percent (w/%) slyeogen sclubion, pH
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6.8 at room temperature, was stored at =15 to -20%.,

5, Homogenizing medium: 0,001 M 50TA selution (sthylenediamine
tetraacteic acid). The reagent was stored at 3 te ﬁQC.

6. Flon: 1 pereent ilen (para methylaminophenyl sul hate)in
3 percent sodium bisulfite. The reagent was stored at roum
temperature end prepared fresh weekly.

7. ' Holybdatemmsulfuric aeid: 5.0 g of NaghoD,*20,0 was diseclved
in water, 1% ul m:* auncehtmtad sulfuri¢ acid was added and
the mixture diluted to 1.0 liter. The reagent was stored
at room ‘emperature.

Phosphorylase assays were rade by the method of Illingworth and

Sordi (17) with slight modifications as follows: 'The frosen leg was
revoved from the dry ice chest and the outer layers of tissue dise
esrded. About 350 mg of the ruscle tissue in the area of the gastrog-
nerdus was then sliced direstly into a tared; ground glass humogendge
ing tube and reweighed to detercvdne the amount of bissue. Cold EDTA
horogenizing wedivm was added in the ratio of 1.0 ml of solubion %o
100 mg of tissuve, The muscle was homogeniged with a ground glass
postle for approximately one minute, transferred to a stoppered
plastic centrifuge tube and eentrifuged at 2000 X g (3100 rim using

a 269 head in an 10 refrigerated centrifuge) for ten minutes ab -2
to --!ft’}.. Wiile centrifugation was proeeeding, 0.5 ml of both gluccse=
lephosphatoe—glycogen-—-adenylic acid reagent and glucosewl-phosphate—e
glyecosen reagent were preincubated at 17%. Adenylic acid (A1) was
present only in the preincubation tube in which total vhoophorylase

was to be assayed, for in the absence of W¥F, active phosphorylase is
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assayed, while in the presence of ANk, total phosphorylase is assayed.

The reactions involved here are:

i (Oeler) glycogen—{glucosslp., (1)
» plmmaryl:mmit; . *
glycogen={lucese), Ay % (1)
also,
2{(Gl~F) ~ glyeogene{glucone), . (5)
+ phiospnorylose=a *
plycogenes{ z11.0088)y x (¥d)

These ressctions are both reversible but with a ratio of incrgmnie
phosphate (Pi) to G=1-F of less than 3.5,both reactions will proeecd
se indleabed,

ifter the musele homogenste had been centrifuged, 0.5 ml of the
supernatant fluld was added to 2.0 ml of the original EDTA hmoge;ﬁv
ing mediun and mixed; 1.0 nl &f the diluted supernabant was then mixed
with 2,0 nl of glycerophosphate bulfer sclutiom, A 2.0 ml portion of
this ensyme-buffer sclution wus mixed with an equal volume of fresh
gysteine reagent. 4 0.5 wl aliquot of the ensyme preparation was then
added to the preincubated mixture of Uwlef and glyeogen, with and with-
out ANF, and nixed, The pil of the final resction mixture was 6.8 ab
379, A 0.2 nl aliquot of the roaction mixture was removed at O, &,
and 3 sinutes. The engymatie activity was stopped ilrmediately by heab-
ing for one ninute in a boiling water babh.

The imorganic phosphete (Pi) relessed in the reaciion was detere
sined by the nebhod of Flske and “Subbarow (9) nodified by Gouord {10}
as follows: 3.0 nl of molybdatew-sulfurie acid reagent and 0.5 ml of
Jop were added to the samples and thoroughly wixed. The intenslty
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of blue color which develops was resd on a Peckman D,U. spectrophiotow

meter as pg of chorphorus released per pinute per g of tissue.

@lyeogen synthetase activity. The following reagents were used
in the deterndnatlen of glycogen synthetrse activity.

1.

3

Lo

Se

b

Te

g
Lin

Sucrosew-tDlA homogenizing sedium: Isobonie 0.25 K suercee
in 0,001 ¥ 8024 (ethylenediamine tebtraacetic acid), adjusted
to pil 2.5 at room tempernbure, was stored at 3 to 590,

UDFG: UDFG (uridine diphoaphoglucose), 5 mi UDPG sclution
(sipmaesodiun salt *5H.0, 98 to 100 percent rure). 7The
reagent was stored st =15 to m&(}eﬂ.

Gubepbr Gebep (glucose~buphosphate). 1 m Gmb=P asclution
{Sigmpe-disodiom salbe3H30, 95 to 100 percent pore), The
reazent was stored at =15 to =207Ce

Myecice buffer: 15 z¥ glycine sclution, adjusted to pH 5,5
at room temperature, was stored at -15 to =20°C.

EDTA solutiem: 30 w¥ 1DTA solution (ethylene dianine tetra-
acetie acid}, adjusted to pH 2,5 at room temperature, was
stored at ~15 to 2070,

Fhosphoenolphyruvic acid: 10 »¥ phosphoenclpyruvie acid

(as the tri-cyclohexylammonium salt, A prade, assay: G706
percent, from Califernis Biochemioal Resesrch) in 0,4 ¥

potassivm chloride. The reagent wes sbored at ~15 to -20°C,

Glycogen sclution: 4.2 percent (w/v) glycogen sclutiem
{Hutritional Blochemieals Corporation). The reagent was
stored at =15 to -»290&

Dinitrophenylhydrazine: 0.1  ercent dirdirephenylhpirasine
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in 2 I hpdroghiorie aeid, The dinitrophenylhpdrazine wae
dissclved 1n het sold and dilvted to valume, The resgent
ses stored at roos temperature and preparcd fresh every o
warlide

$e 10 F sodiues hydroxide: The reagent was stored
at room tus eralure, L
10, UDF standard:  1e6 w standsrd UDE solution
(uridine dishosphatoesdonn, discdivm 0lt*5H.0, % to 99
peroent purity). The reagent wee stored at =15 te =-30°C,
11s Fyrovate kinase: [Pyruvste kinase (muscle, in armoaniuwe sule
fate suspenalon, Mubritional Blochemlosls Cor oration)
dllubed 1320 with 0.1 ¥ vagnesius sulfebe., The diluted
reagont wag stored at 3 o 5°C and saintelned ite sctivity
for sevoral weeks,
su;mmmmm"m;mwammmw«
Lelolr and Ooldesberg (2%}, The frosen leg wee resuved from the dry
ioe storsge chest snd the cuter layors of tissue discarded, ~bout
MMdmmhlm“ntmmanllﬂlm
inte a tared, ground glass hosogenising tube and reweighed to deterwine
the welght of the tlasue, Cold suCroees=-ITA houogenising mediwn was
added in the ratlo of 1.0 ml to each 100 mg of Slssue, The tissue was
hosogonined with & sround glaes pestle for o) reximately one minute, -
transfarred to & plastis owbrifuge tube and gentrifuged at 2000 X g
for ten cinutes ab =2 4o =4 C. “hile cestrifuging the hoscgenate the
following reagemts vare sined and preincubsted at 37°%C: 0,10 ul of



s
UDFG, 0,10 mi of Gwbel, 0,10 2l of Y074, 0.10 ul of glycine buffer,
and 0,10 6l of glycogen, 0,10 sl of the centrifuged supernatont was
vdxed with the prelneubated reaction mixbure and 0,10 nl aliguots were
rapoved at 0, 3, and 5 minutes, In this way the O time sample served
a8 a ’mank for the f@lim:img sanples and the amount of UND (uridine
di;.sl'u:fa;imte} in this blank was later subbracted from the follewing
sumglos. The enzymatic aciion was stopped Lsmmedistely by heating the

samples Tor one winute in a bouiling water bath., The ruaction,

’ {6)
x  (UDPG) glyoogen—{glucose),
B glycogen snybhetase N
glycogene— glucoses), x (UDF)

releases UDP as one product. The UGL is then converted to ULV with

phesphoenol gyruvate by the reactiom.

(7}
ubp VTP
¥ pyruvate kinase +
3
phosrhoenolpyruvie acld igruvic aeld

The pyruvie acid is then deterndned by the nethod of Lu as modified

by kachmar and Boyer (18). Thus, the final assay procedure from the
indbial maatim\{re&cm@ﬁ 6) was as follows: 0.05 nl of phosphoenole
pyruvie aeid wae added to the reseiion mizbture gountaining the reaction
pwﬁuét, UDP (reaction 7). To the reaction tube was added 0,05 wl of
syruvate kinase and the mixture incubated for 15 minutes at 37°C. After
15 minutes of ineubation, 0,30 ml of dinltrephenylhydraszine wne added,
and the mixture incubated at 3?“&: for an additional five minutes. OJb

wl of 10 N HalH was added to produse a yellowbrown color of dinitro=

phenylhydrazone according to the reastions
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dinitrophenylhydrasone

of yruvie acld
4

water

(2)

2,2 wl of 95 pereent ethanol was added to the vessel to procipate the

glycogen present and the samples were eenirifuged for 15 winubes st

1500 rpo.  The inbonslty of the clear yellow-brown chromagen was

read in a Beckmen D.U, spectrophobameter at 520 mu. The eptleal

density recordings obtained from Lhe samples were carpared with those

fron a standard ewrve propared by the method outlined using from 0,006

M bo 0u16 s of UDE. The sebivity of glycogen synthetose was exprassed

28 }zi of UDF relessed per mdnute per g of tissue.
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The "glycine effeet, s9 previounly defined, refers to the
increased clycogen siorage after stress, and the inercesed glyecgen
synthesis during recovery after stress In rais, as a result of proe
feeding a diet econtaining 10 percent of added glyeine. The purpose
of this investisation was to determine whother eortain engymes cone
cernod with glycogen metabelism exhibited an alteration in activity
prior to, during, or sfter stress with different diets.

In this veport all glycogen deterninations in elther the muscle
or liver were carried out by other workers in this laboratery as a
purt of ancther progrem. In Figures 1 through & data are not availe
able for times other than sere time (nun-stress), 1.5 hours stress
and after 3 hours of pecovery afber stress. Although eurves were
drawn conneeting these points, intervening vaiues are entirely une
lmowa. Table 2 and Pigure 1 1llustrate both mmerieally and graphe
ieally the glycogen levels of liver and skeletal mmscle of rte .pra-,
fed the glyeine diet or the control diet. From the data presented
in Table 2 the "glycine effect” is clearly evident except in muscle
following one and one~half hours of stress. Sdmilerily, ‘??abm 2 end
Figure 2, show mumerically and graphically the glyeogen levels whem
creatine had been added to the prefed glycine and sontrel diets.
Cregtine feeding abolished the typiesl “glycine effect® in the liver.
In muscle, however, the "glycline effect” showed clearly after siress
but the data indicate a "blocking” of the phencmenon following
recovery after stress, Also of interest is the faet that liver

glycogen levels before stress are considersbly lover in ereatine fed
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animals on either the control or the glycine diet {Table 2}, The same
can be said for the mmsecle glycogen values although the differences
(with and without ereatine) are far less marked.
| - Total and active muscle moamorylaaa activities are presented
in Table 3 and Figure 3 for the glycine fed and control fed rate, while
Iable 4 and Figure / presents the data from animals profed ereatine
glyeine diap and amahins«-euntml diet, Total phosphorylase activities
falled to show any significant differences regardless of the stress
condition or the prefed diet. Active phosphorylase, regardless of
diet, was always increased in activity in nonestress animsls compared
to the stressed animals. A slight decresse in activiﬁy was obeerved
in the recovery animals compared 4o the stressed rats, All values from
non-stress animals were significantly lower in phnspkwrylaam activity
compared teo the stressed end recovery animals with ene exception., This
exception was belween the glyeins fed recovery rate and the creatine-
control fed non-stress animals. The slight decrease in phosphorylase-a
activity from stress to recovery was sipgnifiesnt only in the case of
the ereatine~glycine fed animale,

Significant differences of total phosphorylase and active phosphore
ylase for all conditicns outlined herein are swmarized in Table 5.
An aid to understanding these data is provided by bracketing groups
of animals that do not differ among themselves but do differ from
groups of animals outside of the enclosing bracketa, The Duncan test
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for analysis of vardance (2) st the 5 percent lovel wae used in all
stablstical trestment of phosphorylose acbivities.

Glycogen symbhetase activities of Llssves from rte prefed glycine
and control diete are presented in Table 6 and Figure 5. With animals
on these diets, dignificant differences in activity were present ondy
in the ponestress rats. Conversely, Table 7 end Figure 6 show slgnifli-
eant glycogen eynuhetase acbivity differences only in the recovery
animals vhen eresbine was present in the glysine and control diets.
Inoreased activity was found in crestine-ecntral fed animels compared
to creatine-glycine Jed ap:hmla feiloving recovery after stress, but
not hefore or immedistely after stress, In no instanee was a signifie-
eant difference in enzyme activities cbserved between animals on any
ae diet but under different strss conditiwns. However, significant
differences between animals fed the various diebs with any one speeifie
strese condition are summrised in Table 5. In lable 8, es in Table 5,
21l groups of animals within e bracket, do not differ among themselves,
but do differ frau those oubside of the brackeb. Thet test of Student
at the 5 percent level was used for all statistieal analyses of

Avecgen synthetase nohivities.
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tagle 5
S4gnificant Fhosphovrylese Aetivities st tihe Y
Lavel as Debterained oy the Dunsan Test of Analysis of
Varlanee. Animsls within Drackets do not Differ while
Aninels outside of any Oane 3raeknb Biffer fyrom Those
vithin the Drecket, |

Hopestress Animsls, Orestine-sontrol ied |

Nonestress Anlmsls, Coabtrel Ved

3.0 Hour Resovery Animels, Crestins-control Fed

1.5 Tour Stress Animals, Creatineegiycine Fed

1,5 our Stress Anlamls, Crestine-scntrol ied

3.0 lisur Regovery Anlmeles, Contreol Fed

1.5 lloup Stress Animals, Control Ved

Honestress Animala, Glycloe Ped

3.0 lour Recovery Animals, Ulyclne Fed

Non~strens Animals, Urestine-glyeine Fod

3.0 loupr Resovery iAninels, Crestine~;lycine led
i Stress Aninmels, Uljelne Fe!

1.0 ‘cur Stress Animals, Crostineecontrol Fed
3.0 Uour Resovery Animals, Creatine-contrel Fed
le ‘oup Stress Anlsele, Ureatine-glyeins Fed

HSVTIRYOHJSOHd TVIOL

1.5 lour Stress Animals, Uontrel Fed

15 flour Stress Anlmels, Glycine Fed

3«0 Cour Recovery Aulmals, Crestine-glycine Fed
3.0 Uour leecovery Animals, Contrsl Fed

3.0 Hour Heoovery Animals, Glyeine Ved

Honwstress Anlaals, Creatinee-control Fed

HASVIXHOHASOHd HATIOV

fion-stress Acimels, COreatine-;lyeine Ved
lion-gtreas Aulmsls, Control Fed
Fon=atress Anlmals, Clyeine led
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Tleure 1
Husele sod Liver Glyeogen Levels, Percent Wet Weight.
ALl Anisals Prefed Glyeine or Cemtrel Diet.
Kach Fodrd Represents the Mean of Date fras 10 Animsls.
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Blaure 2
tusele and ldiver Clycogen Levels, Percent Vet Yedght.
All Animals Frefed Either Creatine-glycine
or (restine-eontrol Diets, .
Eaeh Foint Uepresente the Yesr of Deta fram 10 Animals.
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Dgure 2
Muscle Phosphorylase Activities,
1 Unit = ng P Released per Minute per g Tissue.
A11 Animale Prefed Either Glycine or Cantrel Diet.
Each Point Represents the Mean of Data from 10 Animals,
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Flaure &
Yusele Phosphorylase Activities,
1 Unit = ug P Released per Minute per g Tissue,
All ‘nimals Prefed Either Creatine-glyeine
or Creatine-gontrol Diet,
Each Polnt Represemie the Mean of Data frem 10 Animals,
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Eigure 5
Musele Clyeogen Synthetase Activities,

1 Unit = pM UDP Released per Minute per g Tissue.
Al Andmels Prefed Hither Glyeine or Control Diet,
Bach Foint Representa the NMean of Data from 10 Animals.
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Hare 6
Muscle Glycogen Synmthetase Lotivities,
1 Unit = il UDP Released per Minute per g Tissue,
All Andmals Prefed Either Creatine-glycine
or Creatine-control Diet.
Bach Point Represents the Nean of Data from 10 Animale.
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PISCUSSION

One of the purposes of this investlgation was teo deternine if
the activities of ensymes rhosphorylase and gl}‘ﬂw synthetase were
sltered by different diets or by stress. Alteration of enzyme
sctivity or concentration has been referred to as enzyme induction or
repressicn in varicus bacberial investigations and more recently in
marwalion studies (21). In pats it has beon shown that a variety of
liver sugymes are inducible (inercased activity) with stress or injecw
tions of hydrocortismme (2,7,23). These iundueible engymes are Lryp-
tophan gyrrolase, fructose-l,b-diphosphatese, and glucose=b-phosphatase.,
The reverse of ensyme inductlion is repression or decreased ensyuwe acti-
vity. Thus, in the present experiments, il an altered enzyme activity
appeared in the case of elther total phosphorylese or glysogen synthe-
tase, then ensyme industion or repression would be sugpested. The
data presented in Tables 3 and 4 ap ear te eliminate inductlon er
repression of phosphorylase bocause total phosphorylase sebivibty wese
conpletely independent of the diets used or the stress imposed upmn
the animals. | '

Enmyme induetion and repression vay be invclved in the ease of

lycogen synthetase since this engyme showed differences in activity
with diet and at different tines in the stress mrocedure. Glycopen
synthetase activity of non-stress control fed rats was significantly
groater than any of the non-stress snimals prefed the cther diets cone
taining glyeine, ereatine, or ersatine pius vlyeine, This trend of
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plysogen synthetase ackivity corresponds roughly with the glyecogen
levels found in musele of these rate in the nonestress conditiom.
Under these conditicns the muscle glycopen levels of the ereatine fed,
the giycine fed or the creatine plus slycine fed animals resained
below those of the control fed rabs. This suggests a repression of
glycogen synthetase activity with the long term (24 hours) feeding of
the supplements, ltagyme induction op répmuim with any one spepific
diet in the short time involved ir the stress was not apparent, as
svidenced by the lack of significant differences in activity at any
time in the stress procedure. Ininals prefed the ereatine~control or
the ecreatine-glycine diets showed oprosite trends in glycogen synthe-
tuse activity., The non-stross and sbressed animals on the two diets
did not differ statistically ir emsyme activity, but alter recovery
the creatine-gontrol fod rats had sisnifieantly higher ectivity than
the creastine-glycine fed anisela. The dote are indiestive of enzyme
induetion but are far from conclusive. This can be visuslized by
reference to Figures 5 and 6 in which it is seen that the increased
activity {inductim ?} in the ereatine-gontrol fed animals is sbout
equivalent o the decreased notivity (repression 7) of the creatino
glyeine fed enimals following recovery afber stress, If glycogen
gsyathetase aetivities were indicative of the glyeogen stores within
the musele and liver, then the animale prefed the glycine diet (and
exhibiting the "glyeine effect™) should have had considersbly greater
setivities than those prefed the ccntrol dict. Alse, in the "hlocked"
"glyveine effect”, the animals prefed the creatine-contral or the

ereatine-glycine diete should bave about the same glycogen synthetase
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aetivity because the smsele plyeogen stores are about equivilent, But,
glyeogen synthetose acblvities do not fallow the glycogen slores in the
miscle a8 shown by an inverse relationship betwewn enzyme activitles
of the ¥ lyeine effect” animals, snd the animels fed ereatine with er
without glryeins in whieh instances the "",i:l;rume effect” was "“blocked."
Such animale showed almoet equal muscle glyeogen levels after rosovery
while the glyecgen synthetese activities were significantly greater in
the ereatinescontrel fed rets compared Lo the erestine-glyeine fed rate.
Thus, there ap ears to be little correlaticon between engyme activities
and glycogen lovels in the musele.

Knex (21) found that seximas industion of tryptophan pprrolase
securred in his rate at about two and one-balf houre after the injeew
tion of h;fdmmrtisma or of ﬁw;ﬁoﬁmn. Therefore, if plyeogen
synthetase were capable of ind etlien or repression, and as vopidly a8
in the case of tryptophan yrrolase, thesm it would seem ressonsble to
asouwme that with the time intervals used in the experiments reported
here, enzyme induetion or repressicn would be evident. %hen the
"glyeine affect” was evident, sigmificant differences in iusele engyne
agbivities were absent; when the “glycine effect™ was "blocked" by
feeding creatine in the diete s Signifiesnt differemces in enmyme acti
vity were present. Thus, the sctivities of this enzyme offer ne help
in explaining the pechanism of the "glyeine effect.® The date presanted
by Loloir and eo-workers (29) indicabe that in rats, muscle has the
sreatest glyeogen synthetase activity of any tissus in the body. This
sugzests that mnacle has enough eamyme te mect ordinary stress require-
ments placed upon 16,
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As previously wentioned, simnificant differences in totul phos=
shorylase {sum of phesphorylase-a or active and phosphorylzse~b or
inzctive) activity were not found regardless of the diet or the stress
employed. It is not established that phosihorylase-a values obtained
oty fgozen tissve represent in vive enuyme activity. However, singe all
the values presented inm wore on frosen tissues £re$m am;naia treoated
differently, differences in acbivity, shonld represent walid variatioms,.

M imporant considerstion is the apount or the activity of phoow
phorylage-a present at any vime during the experiment. The non-stress
animals were below 500 usnits of active phosphorylase (a low level)
regardiess of the diet prefed, and sueh walues ean be considered to
reprosent resting muscle. These data conlimm the fiadings of Krébs
and ¥isher (22) that the »ajorily of the vhosphorylase in rosting sele
iz in the farm of phosphorylese~b and nobt, es previcusly held by Jord
(3) in the form of phosghorylassces,

During the ~tress, with a concomitant increase in emergy dumnd,
an inereased rhesphorylase-a aé‘tivity might be expected sinee the
engyme supilies glucose from stored glycogen. The recovery aninals
would be ex ected to heve phoaphorylase-s anctivities ouite similar to
these fovnd in non-stress animals bocause the recovery animals were dry,
warm, inactive, and with the exoe tion of being tired, were aprarently
in good physical condition. This supposition was dellinibtely not the
casa, ata in Tables 3 and 4 show prester musele phosphoryluse-a
activitles folloving stress and recovery afber stress, resardless of
diut‘-
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Theoretically, it would appesr that as long as the gluecse produced
from glycogen was necded by the tissues and chosphorylase-s was pwesent,
glyeopgen would be conbtinually broken down until the tissue was devoid
of ite The limltation here is that phesphorylase funciions only on Xe-l,
lmgincosyl linkages on the terminal ehains of glycegen; but the lycogen
molecule is wore cumplex in the types of bonds that bind the glucose
units together. Glyeogen is a highly branched homopolysaesharide
containing only Deglucosyl unite joined in (=l dm-glocosyl and inod-l,
b=glucosyl linkapes, probably arranged ir & multijly-brinched or “iree”
structure, scvording to Stc!stén and Stetten (A1), Two other engymes
are intirately sssoclated with the synthesis and degradstion of lyeogen
and therefore, with the structural arvenperent of this molecule, These
are anylo=(l,;4-1,5) transglucosidase (branching ensyme) and anylo-l,
b-plucosidase {debranching enzyse), They either transfer glueose wnite
fram the -l f=glucosyl linkages too(=l,b-glucosyl linksges or rencve
gloeose in theole),b-glucosyl linksges from the slycogen nclecvle, as
‘th. nanee imply.

when phosphorylase has removed ap many o=l he-glucesyl linksges as
is sneyratically practical (the otel,lmzlucosyl linksges of the glysogen
chains have ap rosehed within one maltose unlt of bthe Xel 6w luconyl
linkege (L1)) the é-amining Zlycopen is referred t¢ as a 1ivit dextrin,
fiwmfm*e s bhe presence of phosphorylase-a does not insure that the
engyme ie actively desrading glycopen. (me infercnce from this discus-
gion is that the glyconeogenesis cccurping in susele during the

islyeine effeet™, e¢oudd resullt from & comtinual formation of a limit



W
dextrin, malting phosphorylase-e essentislly non-iuncticoal under such
conditions. If this were the sane dvring the "glyeine effeet”, then
the conbinawl formation of a limit dexdbrin would result in a glycopen
of & different chemical structure than that normally deposited.

The largs number of variables adds to the difficulty of interpret-
ing the data presanted in this thesis, In Lwolve groupe of animals
(four diets and three differcnt strcse conditions) correlsticn o lack
‘of it between both the sumscle and liver glyeogen levels, and the
achivities of glyoogen synthetase and phosphorylase require considera-
tion of the knowm facts and varishles and the understanding that

wknome variables are presant.
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The dota are discussed in pelation to the established "glyeline
effect™ and the "blocking® of this effeet. The "glycine effset” is
the increased plycogen storage after stross, and the inereased glycogen
gynthesis duricg recovery after stress in rats; as a result of prefecd-
ing a diet comtuining added glyeine, “Hlockage” of this "glyeine effect”
was obteined when the diets fed conbained added creatine.

Two engymes coneommed with glycogen metabolism, glycogen smthm
and phosphorylase, were assayed in tissuwes of rete exhibiting the
#olyeine effect” and in others in which the "glyeine effect” had been
"blocked.” Conclusicns from these engymstie deterninations are as follows:

l. Tobtal phosphorylase activity did not differ statistieslly
regardless of the diet prefed or the strese imposed upon the
animal,.

2, Fhosphorylase-a {active phosphorylase) astivities were ine
eraased above the setivities of the non-stress aniials afber
one and cne-helf hours strese and also following three hours
recovery after stress, One exgeption was noted under resulbs.
The changes in phosphorylase-s nctivities follow what would
be expected in non-stross and stressed animals in view of
the rusele glycogen levels at these Lines,

3+ Feeding diets with additlons of creatine, glycinza, or
greatine plus glyeine resulted in a decreassed glyeocgen
aynthetsce activity in non-sbress rebs.

Le Afber three hour recovery following stress, glycogen

synthetase activity wns greaster in rats grefed ereatine-
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gontrol dieta than in snimels prefed ereatine-glyoine diets.
The differences in glycogen synthetase activities are dis-
cussed in light of the possibiiity of engyme induetion or
repredolon.

The data on ennyme activities reported in this thesis do

‘little te aid in explaining the underlying mechenisms of

the "glyeine sffech” or of the "blocked” "glyeine effect.”
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AFPENDIX

Adsnesine diphosphate

Adenosine monophosphate (Adenylic Acid)
Adencsine triphosphate

Ethylenediamine telraascetie acid
Glucose-l-phosphate
Clucose-b-phosphate

Inorganic phosphale

Uridine dighosphate

Uridine diphosphegiucese

Uridine triphosphate
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