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o ABSTRACT ‘ Sy

| In order to study the qpst exerc1se response of . protetn.
. fsynthes1s’ to d1fﬁerent acute exerc1se loads, Sﬂ male ratsi

ran»at_e1ther~30m/m1n-for 30 m1nutes 90m/m1n, 10 20$h

ZTJ‘WOrk'rest . for; 30 m1nutes ‘on. each of two consecut1ve days o

5f_ An1mals were sacr1f1ced and soleus and plantar1s muscles”,1

”:;'were ex01sed e1ther pre exerc1se or*at O 12 24 36 48;f

‘ '\ffBO ‘or 72 hours post exerc1se In vrvo 1nconporat1on of‘;ﬁ

\

CL- (4 5 '3H)-1euc1ne was measured (dpm/mg prote1n) 1n the
"ffwhole homogenate and 1n three subcel]u]ar fracttons i':-.__T.'h_'e-‘-_"_v‘’IZ{“‘“

ﬂf;pesu]ts 1nd1cate that the responseapf prote1n synthesrs to

i f;acute exerc1se may not fo]low the same t1me course pattern‘n;r?:ﬂ

e ljn}fatlf anlmals It would appear that the prote1n synthet1c

"tilifresponse to spr1nt‘exerc1se is. delayed w1th respect to that

”e7;of endurance exerc1se (le endurance response range'- 12 to ,ﬁ;.fi‘

“?fﬁ36h, spr1nt response range : 24 to 48h) It s poss1b1e that

‘:f ‘fhts delay 1ntens1ty related As we]l the response of

e ‘\*"f"'-‘

leucyl tRNAito acute exerC1se wou]d 1nd1cate that part of )

the mechantsm by whwch the tra1n1ng effeot 1s bu11t\1nvolves

mod1ftcat1on of the translatlon step of prote1n synthes1s
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L INTRODUCTION B

¢ e

_It 1s generally accepted that mamma11an Aske]eta] gpscle

lasses of f1ber types- wh1ch can be

conta1ns two - maJor :
}Q h1stochem1caL1y d1st1ngu'shed on the basis of d1fferences 1n;'
“myof1br111ar ATPase ct1v1ty M(Dubowrtz and Pearse. 1960'

JEdstrom and Nystrom, 1969; Golln1ck et al. 1972a, 1972b)

o Further d1fferent1at1on of these two bas1c sKeleta] musc]e |

« - fiber types 1nto ox1dat1ve and non ox1dat1ve categor1es has‘_

< been ach1eved aS"ﬂa‘ resu]t of the1r response to sta1n1ng.

‘~procedures des1gned to demonstrate ox1dat1ve potent1a1 (NADH? L

-Tetrazol1um Reductase act1V1ty - Nov1koff et al 1961)

ﬂ,_ia result the nomenc]ature proposed by Peter and co workers."

'j(1972) has ga1ned popu]ar1ty and 1s rout1ne1y ut111zed to i

.d1st1ngu1sh f1bers "inh an1mals asf Fast Glycolyt1c (FG) f
rJ’Fast Ox1dat1ve Glyco]yt1c (FOG) or S]ow 0x1dat1ve (SO)

-Ladd1t1on, electromyograph1c ev1dence from s1ng]e motor unltst@”

;(Henneman and D]son, 1965 Gr1mby and Hannerz, 1968 TanJ1:;'yi'd

-,"and Kato._1973) as well as. stud1es of glycogen. deplet1onf*‘

' patterns in'}an1ma1s and man (Armstrong et al,,'1974 1975 - o

Edgerton and S1mpson, 1969 P1eh1 | 1974) substant1ate ;the_;}:;ﬁ

‘;'ex1stence of certa1n musc]e f1ber pools whtch have dlfferent;_*f

metaboltc structural and funct1ona1 character1st1cs Thesetf'u

‘ pools may be preferent1ally recru1ted to best meet the worK’t
':demands (Hannerz and Gr1mby, 1973) | | | |

O ItYis well documented that a reSult of phys1ca1]-
‘training (chrontc exerc1se stress) | skeletal muscle is N

capable of adapt1ng\to different: phys1olog1cal demands byd'

) . o )



‘vj’,as follows

‘t‘attertng: itsh structure andl funct1on Th1s, capac1ty for
:change has been demonstrated in contract11e e]ements - as 'a\
result /of:_spr1nt types' of work (myof1br111ar prote1n -
.'Gordon/et 5)'[ t§§7 daweed et al | 1974) and !(n enzyme,-p B
’_act1v1ty in 1ntermed1ary metabol1sm as a result o endurancefk

‘types of work (Barnard et al 1970 1971 HolToszy'et al

,1973- 1975a,"1975b) However, even though these long term

| fadapt1ve responses 1n sKeleta] muscle are relat1ve1y wel]v;_j i

h‘known, v1rtua11y no 1nformat1on ex1sts concé}h1ng the acute[t‘-

2mechan1sms Knvo]ved 1n these adapt1ve responses

As these demonstrated changes 1n musc]e f1bers :1nvolve_' )

! \
|

”‘t:nucle1c ac1ds and prote1ns. the pUPPOSGS Of thxs study weret{' J

'"’;%13?70 determlne the acute effects of spr1nt ‘a d endurances”h,"

"ﬁffexerc1se ;o prote1n synthes1s ,fjnutf‘hole muscle

K-S

‘hftiihomogenate, myof1br11]ar nuclear m1tochondr1a1 tand¥~.

\;v,

‘”Vsotuble fractlons of soleus and plantar1s musc]es as ﬁ

'"-f;;measured by the 1ncorporat10n 1nto prote1n of;vthe;g;ﬁd

- uinrad1onuc11de L (4 5 3H)-1euc1ne

- To determme the poss1b1e role of- transfer RNA (tRNA)

'f the prote1n synthet1c response ‘aSﬂ measured by the:f5*iyﬁ

‘d{spec1f1c act1v1ty of L- (4 5 Ht-leucyl tRNA 1so]atedef?331d

"ﬁfpom the soleus and p]antarts musc]es and

| Q*fhito exam1ne the t1me course (0 to 72 hours post exerc1se)dﬁh*

T

J‘$fbover wh1ch the_ acute protemn synthet1c response to“7'

;A-Spr1nt or endurance exerc1se stress occurs



"J’ewere Judged mble to perform the runn1ng tasK These 'an1mals;i;;fd

(-4

~Jthe day/n1ght cycle was adJusted to ma1nta1n :thes 11ghtedf- -

"7f}endurance accllmated groups fj}[t' -

; \

* L8

A ANIMAL CARE

\>.f Seventy male W1star rats were obta1ned at approx1mate1y} ff

| -

ﬂ_vae weeks Of age (100 - 1259) from the Charles R1ver farms.‘.‘
Cin Newf1e1d N. . (LAI COX(WI) or1gln . Nat1onal Inst1tute‘}1 t
ﬂeiof Health Colon1es) The an1mals were housed n pa1rs ~1n t o

h;; self c1ean1ng cages' 1n an a1r cond1t1oned room at 22 C andwfﬂ

fif;per1od from Gpm to Sam for the rema1nder of the exper1mentvjf,,,
"f'The rats ‘were - fed a regular d1et of Purlna Rat Chow (23%d:,‘,
.iyh;crude prote1n) and g1ven water ‘ad Iibltum Al] an1mals were;[ffrt
»5handled food and;water were rep]en1shed and so11ed papersi;};
‘iif.changed da1]y The Cages were washed and ster111zed and thel;fﬁlf
,,;f}ypats we1ghed week]y After 51x days of or1entat1on to hé;ifv;\
.,._]aboratory, ¢>in an1ma1s were sub3ect1vely screened for;l;,;,

.,;jfftreadm111 runn1ng ab1]1ty dur1ng the f1rst two days 0f hétw.~“

E

'S?ftreadm1ll accl1mat1on per1od Df the 70 an1mals obta1ned 54;f;51

"jfwere: then randomly a581gned to e1ther a control, SprT”t

‘.'Aa«f ] L

B ACQLIMATION PROTOCOL

A]l exerc1ses were perforl

motor dr1ven rodent treadm1l;

d1v1ded 1nto ten compartments (9 5 cm w1de and 48 O cm long)frrd;f

w1th a shock gr1d at the back of each Acc11mat1on was sr‘7ﬁ

~

d on a pre ca11brated f[ff°

(Qu1nton MDL 2A) wh1ch wasf[,shz



‘oTéble“f . The acc]1mat1on protocol ut1}1zed to brlng an1mals |

from the sprlnt group to a cr1ter1on runn1ng level
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Table II The accl1mat1on protocol ut1l1zed to br1ng an1mals o

from the endunance group to a cr1ter1on runn1ng leve]

:A¢¢Iimatioh‘Day,Bout'Speed(m/min[7Graaé(%) Dbra£ithmfn)}@

IR - - - s e e e e e e o . e e e e m e e e e = e e e

4

0
0
Coemo 20 s
_ | | >
Semo20 :
P # 5
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Table Lif;‘ Aerob1c (endurance) and anaeYob1c (ép?fnt) “

"'exper1menta1 groups and post exerc1se sacr1f1ce times

'chosen for observat1on (SED C (:iedentary controll

’ff§;.7,;ﬂ ‘ACC.C« -‘acclrmated control)

B e e

SACRIFICE TIME (HRS) _
0 12 24 36 48 60 72

L i il A A S R L S e .



[

| performed at approx1mate1y 9 00 hours and 14 00 hourst .fourﬂ
N ;days per week (le Mon . Tues Thurs , and Fr1 ) _"._
o The accl1mat1on schedule for the an1mals ass1gned to_ﬂ
the sprint group is out11ned 1n Table fi Th1s accl1mat1on::
.procedure was des1gned to progress1ve1y Toad the an1mals;
':TfUnt1T they were abTe to comp]ete 24 repet1t1ons of 4103205
_.i(work rest) at 90 m/m1n and 10% grade, ST e

The acc11mat1on schedule for the an1maTs ass1gned tO'h

7f{;.the endurance gPOUp IS outltned 1n TabTe II Th1s procedure'f”

de51gned to progress1vely Toad the an1mals unt1] theyfi"

"~_were capab]e of performtng work of a cont1nuous nature at

'ﬁx._'speed of 30 m/m1n and a; grade Of 10‘ for twelve m1nutes

'-',\

tt}the an1maTs rece1ved a 72 hour rest after wh1ch they were:_ﬁ

3,f;fﬂsub3ected to an exerc1se bout accordtng to the protocoT;@i

"Vafdt*descrlbed 1n the fo]lowtng SeCtTO”

c PERFORMANCE PROTOCOL

FoTTow1ng the accllmatlon per1od the an1mals from eachfhf{

?"*'}ff{of the treatment groups (le contro] spr1nt and endurancefit
':rg!;iacc11mated) were randomly assxgned to each group as outT1nedi€;
| f""'in Table 1. = RN S

The anlmals of the spr1nt accl1mated group perfonmed:f?}

» Th,work at the speed grade, and work rest rat1o _',inf§§h¢ffn

b

"iafaccl1mat1on per1od However. the repet1ons were 1ncreased to~.1;

:-,"TGO and the exerc1se was completed on each of two consecut1ve“'“:

L -

| ffdays (24 hqurs between SeéSTOnS)

L

Follow1ng the f1nal sess1on of the acc11mat1on per1od ;34



The an1mals of the endurance accl1mated tgroug ra”flatk .

the same speed and grade as 1n the accl1mat1on perlod but.f

the durat1on was 1ncreased to 30 m1nutes .andt the exerc1se'ffl

was completed on each of two days as outl1ned above In'this: ,f

\ayegthe d1stance covered by the an1mals both exer01seyﬁ.ﬁ

groups was equal

Follow1ng the performance exerc1se bouts,'an1mals from7 -

e ﬂj"the 12 to 72 hour sacr1f1ce groups were returned to the1rfigf

‘q7vfdfcages unt1l the1r scheduled sacr1f1ce t1mes and were allowedff}

-
¢

'h’access to food and water ad Ilbltum fff;f“f_;s* ;'ta.d“l7“ﬂé'ﬁ.

f'ng t;ssus HANDLING

At selected t1mes follow1ng the complet1on of thefrl:f,

°,f1nal performance bouts (Table III) the an1mals weref}f;

‘ﬁjsacr1f1ced by decap1tat1on (small an1mal gu1llot1ne)

'dglﬂxieXSangu1nated and a sample of approx1mately 5 0 ml of wholeffbg
*f°i5blood ‘was collected for separatwon df p]asma 'byi?i;
hyﬁflcentr1fugat1on (cl1n1cal centr1fuge F1scher chent1f1clefl
“J:?€Co ) and subsequent rad1oact1ve count1ng as outl1ned - theﬁif;

.7h?jf$ect1on?f’Radlonucl1de Count1ng Procedures ; Ten anutesi~%¥

RN

f*ffpr1or to the1r' respect1ve sacr1f1ce t1mes,, all 1an1maﬂs7fff

._«

”lﬁrece1ved an 1ntravenous 1nJect1on (saphenous ve1n) of L (4 SQﬁQf

| “r}f_ﬁH) ]eu01ne (25‘pC1 per 100 g body we1ght (S An | 37 Od?;i

:1efff;GBq/mmole leuc1ne,f¥ obta1ned from Amersham Corp )) in: aﬂf?;

‘H]faphysxolog1cal sal1ne solution The‘ muscles from these;!,f

;yfan1mals s were used determ1ne £ labelled leuc1ne;1fl

‘if1ncorporat1on }1nto prote1n | fract1ons f:__d leucyl tRNA};Ef



”,"speC1f1c act1v1ty ance' the process1 g of the‘ t1ssue
E requ1red 5 m1nutes (p1lot worK).,a ten m1nute pre sacr1f1ce
.“1nJect1on ttme was chbsen so that the durat1on of In vrvo

. ;1ncorporat1on of the labelled am1no ac1d was 15 m1nutes from RN

f;_'the t1me of 1nJect1on to the t1me of t1ssue proce551ng

After exsangu1nat1on the r1ght and left soleus and;-f

o S
'~,plantar1s muscles were qu1ckly 1solated exc1sed and tr1mmed

'5_?:of v1sxble connect1ve t1ssue and fat The muscles of

,'left legs were then we1ghed qu1ck frozen An 1sopentane
w:pre chtlled 1n l1qu1d n1trogen, and stored :at' -70 C

: pre cooled conta1ners un¢1l later analys1s for leucyl tRNA

w7'ﬁfwspec1f1c act1V1ty could be performed The muscles of the

.'aevr1ght legs‘Were placed 1n a pre eooled petr1 d1sh and bathed

'.jf‘W1th an 1ce CO]d (4 C) PQYSlOlog1cal sal1ne solut1on pr1or .

'H«Vg‘n~to 1mmed1ate process1ng for leuc1ne 1ncorporatlon 1nto >.; '

E BIOCHEMICAL PROCEDURES

MUSCLE FRACTIONATION

The r1ght leg soleus and plantar1s muscles were then f;f‘j

‘:1%;7fblotted | we1ghed and placed a fch1lled homogenat1on‘f?f%

5s°]Ut10n Con518t1ng of 0 32 M sucrose,,10 0 mM leuc1ne dg’jﬁ;?

«th O mM EDTA (pH 7 4) to a volume of 3 0 m1/100 mg wet we1ght

v':nf?éfmuscle Each muscle was then m1nced w1th ch1lled sc1ssors

'lnffand homogen12ed ina Polytron homogen1zer (Br1nkman Comp )

t-*feven suspens1on

'wbu,fby one 5 second burst at a rheostat settlng of 5 to y1eld an ’;f[

7 : -:

g i N i
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.TLTOTAL HOMOGENATE

o 0.5 ml of the homogenate, '0}1:‘m1 pd% 10% sodlumc
B 'fdodecyl sulphate (SDS) was added and left to d1ssolve for 10!
~ - min at room gemperature The prote1ns in each fract1on were
l_” then prec1p1tated b‘ add1t1on :~ 3 0 ‘;ml of 20%;ﬁ'»

jf:trlchloracettc ac1d (TCA), collected by centr1fugatton Lfor_:_';fx

N,

Sc1ent1f1c Co ) and washed and re ceptrlfuged 3. tlmes w1thf”.~ ’
.50 mlv of fa- 10% TCA wash conta1n1ng 10 0 mM leuc1ne
l's:Follow1ng the f1nal centr1fugat1on the rema1n1ng pellet was'

n,id1ssolved (36 C) 1n 0 5 ml of 1 N NaOH d1luted by an. equal o

ﬁ’;dupl1cate;; fo prote1n : determ1nat1on -and radioactlYe: ;_i"

Vcount1ng

The rema1n1ng homogenate as;% centr1fuged in ai'{{;fa

v'ath. m1n at’ 1000 tx“ g in a cl1nlcal<;entr1fuge (F1schers

Tﬁ;volume of d1st1lled water »and al1quots' were,,taken'kfnf~'f

"’**fWMYaFIBRILLAR - NUCLEAR FRACTION fgg;Jg;}*_,gf;;;;f[,;;-ql}g

v;;i',jrefrlgerated h1gh speed centrlfuge (Ivan Sorval model RCQB{lrlktf
:::bfi:iw1th an HB4 rotor) 2500 g f 10 m1nutes ;Thef;;'igg
'if57?u;supernatant was decanted and collected for 1solat1on of- thef;fffﬁt
vf'“fti;m1tochondr1al and soluble fract1ons and the rema1n1ng pel]et;irf{fh
Allyl;{wasv re suspended 1n homogenatton buffer to the same volume?f;h:";
"?!birf;as the or1g1nal From th1s suspens1on 3 0 ml of solut1onff£;;§;

5*f:f;fwas transferred to another tube and re centrIfuged at 2500 xtf;filfi

| ffg for 10 mrnutes.;The supernatant was decanted and d1scardedﬁ;jj;ﬁ{
'*??;ifiand the‘»rema1n1ng pelle? was washed and centr1fuged tw1ce}:fﬁf¥f
'Zitfw1th the same volume of homogenatton solut1on Follow1ng theﬁfhi”ﬁ

'7”;£iﬂf1nal centr1fugat1on, the rema1n1ng pellet was d1ssolvedfff”aff



ECE

\tSS;C) 1n 0 5 ml of 1 N NaDH dlluted by an equa] votume of;
d1st111ed water and a11quots were taken 1n dup11cate for7}h
"~prote1n determ1nat1on and rad1oact1ve counttng ,
|  MITOCHONDRIAL FRACTION ;;ﬂ; - Av*r;'---, S
::tthe. 1n1t1a]' supernatant frcm the myof1br1l]ar nuclearg
df }preparat1on_ was transferred to 15 ml Corex tubes ”%gd
vazcentrlfuged 12 000 X g for 15 m1nutes The supernatantf"
G'ttwas decanted and collected é? the sotuble fract1on CThe'
‘”':rema1n1ng pe]letv waS' washed (washes were d1scarded) and;t
| re- centrtfuged three ttmes w1th 5 0 ml of 10% TCA wash~
it_conta1n1ng 10 O mM leu01ne After\the f1na1 centr1fugat1on;i
tthe rema1n1ng pe]tet was dlssolved (36 C) in O 2 ml, of 1},Nh¥"'”
'"NaOH dlluted w1th an equal volume of d1st1lled water and:?f?h;i
. a]1quots were taken 1n dup11cate for protetns“determtnat}onf;
o _2!ta”d rad1oact1ve countlng .'} e '> t;sjiz .]f” ‘
':;SOLUBLE FRACTION S
A~ the supernatant from the m1tochondr1al preparat1on_hf?i.ﬁ
déﬂ;;fgwas added 10% SDS to a ftna] concentratton of O 5% 10?t;!;"
l"itilm1n at room temperature To th1s solutton, 100%(w/v) TCA wasﬁ;;;f?}

\°Wa?i{added to a f1na1 concentrat1on of 20 % and the sample Iefttt,~t%'

ittfy.}to stand on 1ce for 15 m1nutes Those protetns wh1ch wereffg;}ff

Mﬁjttﬁpre°1t1tated by TCA were 1solatedufbaf centr1fugat1on ﬁtdd;f{fjfg

‘i"?;cl1n1cal centr fuge 1000 g for 10,m1nutes:and thef T

:‘;jff:rema1n1ng pe]let was washed and re centr1fuged three 3]
’*ﬁaQW1th 5 0 ml of 10% TCA wash conta1n1ng 10 mM 1euc1ne O
fthe rema1n1ng pe]let wasf?ff}'ﬁ

_,f:__1 N NaOH da\-luted w1th an.f:.ﬂ,i,.}

\

“""tfe*After the ftnal centr1fugat1onﬁ

f}f:ffsd1ssolved (36 C) 0 2 m;»




L *”equal vé]ume of dtst111ed water and a11quots were taken 1n.f“
:dup1lcate ~fOP,f Prote1n . determ1nat1on f‘and.J rad1oact1vef73._fi
g 'oountﬁngﬁ‘ oy | .
& ’;F LEUCYL - tRNA ISOLATION | .
| iv Soleus ~apd plantarts mu5c1esffromvthe?teftntegs‘wereJtfh'Q.f
“fremoved from the freezer ( 70fC). and CPUShed ]‘qu‘dhq
‘ﬁ'~n1trogen by means of fdf marfér' and pestle The POWdePedgftlkl
A:ijtmuscle was then transferred to a 15 0 m] Conex tube and;Jff'itf
‘l;im1xed N us1ng a Teflon st1rr1ng rod w1th 10 volumes 'ffafV-
Ma_homogenatton buffer conta1n1ng 0 09 M sod1um acetate, 1, 0%}-“b'
| ,heparln and 1 0% SDS “(pH 5 1) After 5 mlnute§ at Poom;}f
‘.zf”temperature the homogenate was centr1fuged at 15 OOO X g forqffff:'t
ff:f?15 m1n 1n a refr1gerated h1gh speed centr1fuge (Ivan Sorvath;rfaag,
v;tfifmodel RCQB w1th an HB4 rotor) the supernatant collectedf%f?‘;
f;f1nto another tube and the pre01p1tate d1scarded _dtuf o
| Isolat1on of nuc1e1c ac1ds was performed us1ng theifabifff
jdphenol sod1um aeetate mlxture_ descr1bed by A]len et al
_}(1969) w1th the fo]low1ng mod1f10at1ons Pheno] was added

/T(2 x volume) to the supernatant and thez m1xture was wel]

.’h;ag1tated (Vortex) ;and 1eft stand for 10 m1n at P°0mw:fy”“

fftemperature The solut1on was mlxed aga1n at the end of thebeCZt

'ﬂ¥;f;10 m1n perlod and an equal volume of chloroform was added t04 ~ii

~ntriicentr1fuged at 15 000 x g for 5 mtn and the bottom layer was

”fﬁfj;drawn:off by Pasteur ptpet dlscarded and an equa] volume of

7’fﬁiichloroform was added to the top tayer ‘The solut1on was ;ffw;

e IR . TR
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aga1n mixed and centrlfuged at 15, 000 X g for, 5 min and the
wash step w1th chloroform was repeated

f1nal
a. 12 0 ml con1cal tube where 2 volumes of 1ce cold ethanol
Eydn were

Follow1ng the
§§t wash, the top layer was carefully removed and transferred to

added ‘and- left to stand in the freezer (-20°C) - for 48
hours ,The;; extracted RNA was then'L collected ‘-byf
E:JL“centr1fugat1on at 5,000 x g for 10 m1nutes ‘and  the .
'%mﬁ prec1p1tate in ethanol was d1ssolved in 0.2 mi of a m1xture |
conta1n1ng 2 5°M NaC1 and 20% Na: acetate (pH 5 1)

: and the B
result1ng solut1bn left 1n the cold (4 C) unt1l 1solat1on of
tRNA by column

chromatography us1ng a mod1f1cat1on of the
system of Marttn et al

(1977) In place of the Sephadex G1OO
used by Martln et al. (1§77) a Sephacryl 200 Ultraf1ne
(Pharmac1a Fine Chem1cals iﬁSweden) resin bed. was prev1ously
equ1l1brated wtth 0.1 M sodium phosphate buffer (pH 7 O) and
the sample of RNA was eluted w1th the same med1um A
chromatograph of

sample
the RNA. extracted from skeletal muscle is
presented 1n Append1x B (f1gure 18), as is an example of the
spec1f1c

act1v1ty calculat1on for tR%ﬁ (Append1x B Table
XIV). .The eTuent - was - collected in - a jaction collector
| (Fisher Sc1ent1f1c Co.) and the. absorbénce measured (Zelss
q Spectrophotometer model M4 Q 111) to determ1ne ‘the ratio of -
.f,absorbance 'ﬁ

—at 260 / '280nm. ‘The

rad1oact1v1ty of each
fract1on in the tRNA peak absorbance range was
the

assessed by
same procedure as described for the prote1n associated
tr1t1ated act1v1ty The relat1ve specific. aot1v1ty of
was

tRNA
expressed as dts1ntegratlons per mlnute (dpm) / optical
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"dens1ty (DD) un1t at a wavelength of 260nm

6. RADIONUCLIDE COUNTING PROCEDURES. AND
'N‘PROTEIN DETERMINATION

Al1quots were taKen in. dupllcate for the determ1nat1on
of L-(4,5 3H)—leucme spec1f1c act1v1ty and counted in 22, O

ml boros1l1cate d1spos1ble sc1nt1llatwon v1als 1n a BecKman

'LS 200 l1qu1d sc1nt1llat1on COUnter

In° order to determjne _cwrculattng‘ levels of the

radiOnuclide;.2OePl aliquots of SeHUmgwerelcounted»with 10.0

-

‘ml of a scintillation cocktail (Aguasol If - New 'England"‘
 Nuclear Corp.) and 0.75 ml of d1st1lled water Results were

' expressed as total d1s1ntegrat1ons per m1nute (dpm/20 }Jh‘

a. .

volume)
“In orderl' to assess proteln assOciated” tritiated E
ct1v1ty, 0.3 ml al1quots df the d1ssolved prote1n 'from

total Rhomogenate and myof1br1llar nuclear fractlons and 0. 1

;‘ml al1quots from m1tochondr1al and soluble fractions were;i

N counted with 10.0 ml of Aquasol II and 0. 75 ml of distilled

- water. The results were expressed ‘as spec1f1c act1v1ty ‘

a0
(S.A.) in dpm / mg of prote1n in each sample

. \\ .ot

In order to measure leucyl tRNA assoc1ated tr1t1ated'

actlvity, 1.0 ml of eluted RNA from the chromatograph1c~

._;separat1on descr1bed prev1ously was counted with 10 0 ml off;
';Aquasol IT Results were expressed as spec1f1c act1v1ty in

dpm / optlcal dens1ty (0D) unit at a wavelength of 2600m

Count1ng efficiency was establ1shed-usnng an internal .

¢



e L - S , .15
"‘standard ‘techniQUed'(Appendtx D, ‘Tabie “XXt) ahdtverﬁfﬁed -
/us1ng the external _standard ratio. ' | | | |
’ Prote1n determ1nat1ons were made in dupl1cate using
«mod1f1ed 81uret techn1que (Append1x D), and bov1ne serum ¢

| fa]bum1n (S1gma Chemlcal Corp ) as a standard

7H EXPERIMENTAL PROTOCOL AND DATA ANALYSIS |
The expertmental treatment of the: seventeen groups 'of f

'Nan1mals used is descr1bed in Table III

An1mals . des1gnated»~ as sedentary contro]s (SED;C}) },”Nt'

inperformed no requ1red da11y exerc1se
L An1mals in aeroblc and anaerob1c accl1mated groups weret_
tra1ned under endurance (AE ACC ) _and, sprjnt '(AN.ACC.t'
accl1mat10n programs 'respect1vely, 'th;ﬂdwerefrsacriftcedjj
'.w1thout‘vhav1ng,_rece1ved «any acute_ experlmenta] exerc1se «
veatnent. - -

An1mals in aerobtc and anaerob1c groups (AE and AN 0 '

2 24 36 48 60" and 72 hours) were sacr1f1ced at 12 hourf}:; B

| 1ntervals follow1ng an acute bout. of e1ther endurance (AE.)'

- or spr1nt (AN ) treadm111 runn1ng

T

Anlmals"recetved t1ntravenous 1nJect1on of L- (4 5,';5r’”

}j 3H) leu01ne 10 m1nutes pr1or to sacr1f1ce ,at wh1ch .time-__ff'“

n.soleus- and plantar1s muscles were removed homogen1zed andt'
fract1onated by 'the d1fferent1a1 centrifugat1on _techn1quesﬁ~
;prev1ous1y descr1bed to yield total _homogenate(TQT},‘
'myof1br11]ar nuclear(MYD) :_ , mitochondriaW(MIT),e' “and

“-.soluble(SOL) fractlons L



Since the maln purpose of this study was . to determlne3‘

the acute effects of spr1nt or endurance exer01se on prote1n

'4'metabollsm in skeletal muscle,, the proteln synthes1s -an d

-}-leucyl tRNA metabollsm data_ were graphed to 1dent1fy any_

L trends or tendenc1es In1t1ally, the,~Ch1, Squarehvtest of

| Bartlett :for Homogenelty of Variance_;(Winer “1962) wasy»'

applted to the prote1n synthe51s data and - where no

‘

E difference} in <var1ance was. shown,_-a Two- Way Analysxs of -
"gvarlahce (ANOVA) leed Effect ‘»Model Wlth unequalm
y‘observat1ons per cell (D E. R S ANOV25 Program) was used tor
,vcompare main effects (A B) and 1nteract1on (AB) of the data S

.from each fract1on The ma1n effects referred to are:

Factor A - ExerC1se Treatment (Aeroblc Anaeroblc)

Factor By Tlme (hrs)(SED c ACC c. ,,and 0, 12, 24 .

'536 48 60 and 72 hours after the f1nal exercwse) Post Hoc_ff
“procedures é 1f l-necessary,: 1nvolved Scheffe s mult1ple

;*--?\compar1sons of ma1n effects (1959)

Slgn1f1cant 8 dlfferences ‘Tffbrnlgfallfi- statlstmcalff

{f.ft'appllcat1ons in th1s study, unless otherw1se spec1f1ed 4wepe:
'leaccepted at an; alpha }level where -pso 05 AP Tls.ffihe'f:fxi'“'
:thprobab1l1ty that no dlfferences ex1st between meansl o : _dhw

In an - attempt to check rel1abll1ty of methOdolog1ca]f3fl"‘
“?techn1qye Wlth ‘Pespect to prote1n determlnatlons iyand;”u

| 'l‘radlonucl1de countlng, a t- test (Ferguson, 1966) was appl1ed?

B ‘to the results (prote1n concentrat1on and nad1oact1v1ty)f‘l.,pa .

obta1ned from dupl1cate samples of : the same fract1on offvirﬂ“

»

x muscle taken. from f1ve randomly selected anlmals ‘-Ah‘ alpha



~ level where P<0.05 was used. . .
'Fﬁhq1jy;'in ordeh  to 'ascertaln whether or. 'ndt'fahy |

differénces ex15ted in bTood 3H 1euc1ne poo]s in an1ma]s_

ffrom each group, ‘a. Two- Way ANDVA F1xed Effect Model w1th'

-unequa] observat1ons per cel] was a]so app11ed to the serum.
- rad1oact1v1ty data (dpm/2Qp1 serum) Agaln, an_ alpha _leygll’

_'where pSO 05 was USed



I I. RESULTS

‘ The descr1pt1ve and stat1sttcal results are presented under

'*Jthree general head1ngs 1) Tr1t1ated Leuc1ne Incorporat1on““'

into Proteln 2) Transferfu RNA,;d-vt Proteln | Synthes15h g
;iRelatlonsh1p, and 3) Methodologlcal Rel1abll1ty | A
Ind1v1dual data are summar1zed 1n tabular and graph1cl: ;
ffaform and pertanent data for ;311 exper1mental an1mals 'sd

},fpresented 1n Tables XIX and XX Append1x C m
"TA TRITIATED LEUCINE INCORPORATION INTD PROTEIN

| f?In flgures Eﬁ through 16, the amount of 3H leuc1ne[:-f

1

'&t:1ncorporated 1nto proteln was plotted aga1nst the. t1mehh‘ﬁ

'felapsed after‘ the acute,_two day exercxse protocol and for.n

'l:btthe sedentary control and. - accl1mated -an1mals ';In; thesefas

| f1gures,_”th‘7.3H leuc1ne 1ncorporat1on was expressed .as;*"}

"’[u;lrelat1ve spec1f1c act1v1ty (S K ) Ln dpm / mg of prote1n

As l1sted 1n Table IV the 1ncorporat10n was measuredf;ff

the- prote1ns of whole muscle homogenate as well as 1nfa:g

"‘QQijyof1br1llar nuclear,,m1tochondr1al, and soluble fract1ons

F1gures 1 through 16 1nd1cate that the relat1ve S A

lhafﬁfmarkedly elevated '1n SOme an1mals wh1ch were sacr1f1ced{?5f

vd'fgfhours after complet1on of the( exerc1se Although the

.wb

*fff;1ncrease was not cons1stent in. all anlmals sacr1f1ced at af7f-
”;nvspec1f1c txme. 1t generally OCCUPPed -f‘ SPGlelC tlmelffV

an ange after exerc1se Whenever the 1ncreased 1ncorporat1on;jnﬁ

?;was observed 1n one fract1on.,s1m1lar changes occur 1n other’;yf:

vv'fract1ons ,.*-v* .
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o SPECIFIC ACTIVITY S
. : DPM/mg PROTEIN

o.roscac 0 2 24 36 48 60 2
B TIME hrs

-'  5F1gure i}i Incorporat1on of the jrad1onucl1de from L (4 5 o
~ "3H)-Jeucine . into protein ‘the ' total.: homogenate%g.,
fract1on ‘of 'soleus muscle from animals of the: endurance .

group (SC- sedentary ‘control; AC- accl1mated control)
{o- 1nd1v1dua1 an1mal data 0-group mean),” . -

R S
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F1gure 2 Incorporat1on of the ,rad1onucl1de from L (4 5[‘;
R 3H)-leucme into prote1n .the ‘myofibrillar- nuclear

fraction ~of soleus muscle: from animals of the endurance;ﬂf

?roup (SC-sedentary. control; AC-acclimated ¢ontrol)
o- 1nd1v1dual -animal data O-group mean)\_ R ;\_v,;v_“

A .
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SPEClFIC ACTIVITY -
DPM / mg PROTEIN

0 'scac 0 12 24 36 48 60 72 U

Figure 3 Incorporatwn of. fhe rad1onucl1de from L (4 5

- 3Q) - 1eucme into protein in the " “mitochondrial fra ion.
-of\ soleus muscle - from animals: of the endurance g oup
(SC sedentary control; AC-acclimated control). . S
(Ovmd1v1dual ammal data o-group mean) :
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o SPECIFIC ACTlVlTY |
- 300 4 DPM /mg PROTElN

e ¢

4°k L 5

0 “sc. ac 12 24 36 48 60 72
g TIME hrs e

' “gp fF1gure 4 Incorporat1on of the rad1onuc11de from L (4 5

aH)- leuc1ne into protein in the soluble - fraction of
“soleus  muscle -from: an1mals of . the - endurance group
'(SC-sedentary. control; AC- “acclimated control) .

(O 1nd1v1dual an1mal data C-group mean)
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< R
SPECIFIC ACTIVITY +
| oPM/mg PROTEIN"_

:-f30kﬁ

. v;~25}§.;lf

'"*fﬂ~fQF1gure 5 Kgorporat1on of the rad1onucl1de from L- (4 S;lfﬁfi
" into prote1n in . the = total - homogenate;xﬁﬁif

3H) - leucti

.{;;;fract1on _of_plantaris - musclev from. an1mals of the .
-~ endurance ' group (SC sedentary control -AC- acc]wmated;@f;vn

”* ';acontro1)

: (O-xnd1v1dua1 an1mal data'o-group mean) H‘ff;J ;]357{€];3¢Q]
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F1gune 6 lncorporatlon of the rad1onucl1de from L (4 5
.a_._ 3H)-leucme into. prote1n the myof1br111ar nuclear
.l fraction: of plantar1s muscle “from an1mals “the *
: 3,:endurance group (SC sedentary control AC accl1mated
'chontrol) . T T
(0 1nd1v1dual an1mal data o-group mean) ‘f$f§g<tpl[;,;35_?
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Figure 7 Incorporatmn of the radmnuchde from L= (4 5 SR
3H)--Ieuc1ne 1nto protem m the m]tochondmal fractwn ,
~of - ‘plantaris- mt scle- from animals-of ‘the endurance group‘
.'(SC-sedentary. Ce t‘rol AC-acclimated- contr‘ol){ R R SR R
(O mdwwdual a maI data o-group mean) ! /
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DPM/mg PROTEIN

24 36' 48
TIME hrs

S "*Figure 8 Incorporatlon of the radlonuohde from L (4 5
S Uh T 3H)*leucine into protein . “the soluble" fraction of.-;;.“ff
. plantams muscle from ammals “of the endurance group
T S o sedentary control "AC-acclimated . contr/) S O
(O 1nd1v1dua1 ammaT data,‘-group mean) S T
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- Figure 9. Incorporation of the radionuclide from L-(4,5
" . g 3H)-leucine into protein in the - total ' homogenate
o ‘&‘«‘—__‘-c.fracti\on ‘of soleus muscle from animals of the sprint.
- -t group (5C-sedentary control; AC-acclimited control) -
o As-individudl animal data; o-group mean) L
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: -j'Figure 10.  Incorporation of
3H)-leucme into - protein
fraction of soleus muscle from animals of the sprint

roup (SC-sedentary control;
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36 48 ' 60 72

the radionuclide from L- (4 5
in the myofibrillar- nuclear

AC-acclimated control)

'} A-individual an1mal data A-group mean)

s
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| F,Igur'e 12. Incor‘poratmn » of the rad1onuchde from L- (4 5
"~ "3H)-leucine into protem n . the soluble fraction of'_
soleus muscle - from o ammaIs of the 'sprint - group-
- (SC-sedentary control; AC-acclimated control)| |

IA-1nd1v1duaI ar;nmal data A-group mean)
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,‘-Figure 13 Incorporahon of the r‘ad1onuchde from L- (4 5

3H)-leucine into protein’ in ‘the ‘total homogenate

fraction  of. plantams ‘muscle from animals of ‘the spmnt
?roup (SC-sedentary control; AC-acclimated control)
o 1nd1v1dua1 ammal data,l-group mean) ' S
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3H)-leucine into protein in ::the myofibrillar- nuclear“ﬂi
fract1on of plantaris mu c]e from animals of the. spr1ntgu'
roup (SC-sedentary control; AC- accl1mated control)
{a- 1nd1v1dual an1ma1 data,l-group mean) -
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" }F1gure A15 Incorporatlon of “the rad1onucllde from>L (4 57ffff 
R 3H)-leucme into protéin in the  mitochondrial fract1onﬁ”.'_$
“of plantaris "muscle from animals of the spr1nt group73]{ -

- (SC-sedentary control; AC-acclimated control)
(D 1nd1v1dual an1mal data l-group mean)
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Table IV} Tritiated‘rleucihe 1ncorporat1on 1nto prote1n o
| (dpm/mg prote1n) of all fract1ons; forf anlmals of fhe

aerob1c group sacr1f1ced 24 hours post exer01se o

‘Mﬁsé1e? 1Anima1*#*l',ffTOT_;. 7 MYQ'”i\  ‘M1T'..f[“]$oL‘

© o Soleus 1 174227 118285 92861 279593
B o Bas03. 77768 77’86i7og3'r123357
e ” vu;*_\335of ” -2427~- L2024 i
. Plantaris 1 ‘29388 - 24399 2231 ;; ;40756 -

0oy

o2 a3 10775' v 10117,;;f1f73855[_f:;]-,
5 'fléfjj',:n*ﬁ.zsss 2074 1320;Ajf[,7852§f[;517“‘

.._.;--.‘--—-’--‘...;.,-....'-......'.,.'_,;.;_v..__g-.a_-j-__,--.'_..‘._v....._..'_.'.'---\-«-,-;.-‘.'...’-_,,

o fff-*-- Data used w1th perm1ss1on of Mr D W11es



I

Table V D1fferences 'in*“aH-leucine' fncorporatioh B 1nto'”"

prote1n fract1ons (dpm/mg prote1n) between an1mals of S

the sedentary group (SED C. ) and’ those of aeroblc 'andf'

anaerob1c accl1mated control (AEtACCt‘andvAN.ACC,), o

.fjeGroup ‘Muscle An1mal # 'tTOTTIfrVMYO-U : MITt?"iSOL,::V

_______.____________.,______‘____'__,__._'___-________}__‘_______ pppp

o e e e e e g e e i e e e e e e e e e e e P ae e e e e e e e A e e a a ma

e e R e i i e e e e o e e e o o ] i m i e o g

1130 976 T 1486

el e e R il R AT

h Mean 845852211077213789 =

;eMeaﬁf;  ;t%?iee;f8771ﬂ?fA6617‘t;lzg18y7ﬁ126073;;2 t¥Ed

g “?’22529?ff16747ff'15752?5f326fi7}7f3{fffi
“:;j%_fj,__ 2654 2129 . 2083 3720 U



'?Tab1e'VI D1str1but10n (#) of an1mals show1ng h1gh and I.W',"
responses ‘in ‘3H leuc1ne 1ncorp0rat10n 1nto prote1n 1n.”

the response range 1dent1f1ed for each of the ,aerob1c .

n

C and anaerob1c groups

. # High . #ilow. <% High x
. Muscle '‘response - . response .- response
Aerob1c '{ e e e

o (1224hrs)P 4. 5 e .‘ 44 S

L o v e o i e e e et e e e S e =

: (24 36 hrs) ,fiff?féf[f_“ﬁj':V«557ﬁf¥f7[j?'f”55*;:‘“ffﬁfhf'

A_-'»-'—'”--—‘-'-——'-.-_éh;--‘—hq—"‘-.-—‘q-v--'—-'-"-_-.‘.-v-——‘—'v?-————'—-‘;—-F-"———-,—--'— .

T Number rof an1mals wh1ch showed elevated 3H 1euc1ne

° responses’ expressed as-a. percentage of ‘the ‘total ..number -of" :
-/ responseg- in. that group. Data represent only those responses i;,»
"ijjseen 1n the t1me ranges spe01f1ed Sl e T KRt
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~ H-Teuf

o :

a1l animals.’

T A

R K‘LYSIS oF VARIANCE TABLE ?‘ |
~ SOURGE " SUM. OF |

- - - eam e mm e e emer . em e oem M Em e e e e e e G em o s e B e e e e e me we e e e
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}TmAtAﬁffjiﬂ 56
*A--‘Treatment Effect
B - TIme Effect

AB-- InteractIOn f}ﬁf5»27'7“

HOMOGENEITY OF VARIANCE TEST CHISQ' 0 154E+02

Tvﬁi]{LI?ﬁfjigv, PRDBABILITY o 57045 vix;;;A,ﬁjQ}I§fjﬁg;f,j”‘»

38 |

g?,-Yariandé ”tabléﬂ for b]ood-sérum L

f“.ES'DfF HEAN sQUARES F RATIO PROBABILITY S

. T ::”fQ{852E4d7~'“3f286':4 0;Q752471—f
ij8{'iv}0J446£+q7»f51;721" '°h118332.:ff



'wh an1mals,. there is a s1x fold decrease 1nl1ncorporat1on offg;’]{}gf

. . 39
| Furthermore,i.the f3H-leucihe:incorporation‘pattern-obserVéd‘
Cin e1ther the plantar1s or” soleus muscles ih Tthe' same'
an1mals followed a 51m1lar/trend, although the magnltude of 1;
response between thextwo.was qu1te d1fferent (Table IV) ?

| The level t“ 3H leud1ne 1ncorporatton 1nto prote1 (
follow1ng acute exerc1sef (f1gures _1 through 16) suggests’“
that the sprtnt and endurance eterc1se d1fferent1ally affect5 S
'['thef 3H leu01ne 1ncorpora71on into muscle- proteins »The"'"
elevated 3H leuc1ne uptake atter the endurance exerCWse _,57'
treatment océUrred dur1ng the per1od from 12 to 36 hours;(‘fsl'
post- exerc1se (f1gures 1 through '8). the other hand .
folJow1ng spr1nt exerc1se( ethen_response was b1modal w1th}7 ;(ft'

| elevat1ons at -0 t1me and aga1n between 24 and 48 hoursil
(ftgures 9. through 16), although there are’ some except1ons'L(

(see Table XX) \*x:lkf'(ﬁiu};;bt'~'ff:i;ﬁf f*~¥_ij;w/]v |

, éy There was a dvfference ;T the amount o? '3H leuc1ne!g:?‘"

' f 1ncorporated ; 1nto prote1n between SED C 'and exerc1set?4f;fwg:
accl1mated anlmals (Table V) IWhen the average 3H leuc1neiF((” -
1ncorporat1on 1nto prote1ns of total homogenate of muscles?iaf;;?lf

; \\t S
from SED C an1mals :are compared to those from AE ACC R TR

3H leuc1ne }; accl1mated 1an1mals g]Theg

‘i 1ncorp6rat1on 1nto proteln of ﬁN -ACC.: an1mals,}when comparedffb“’wnl

to that SED C an1mals,l d1d\\not show as great

d1fference (Table V)

The data also 1ndtcate“-that there is a dlfferéhcetjjf‘* =

SR

: between sprlnt and endurance‘ groups ffth t1me wheniifafgift



S a0

-y ]euc1ne -1ncorporat1on 'retUrns " to control _‘1eveTs .

Fotlow1ng endurancel exerc1se the 3H 1euc1ne 1ncorporat1on o

R _1nto protetn returned to pre exerc1se levels in all . an1mals—,

'fW1th1n 48 hours (flgures 1 through 8) Dn the other hand i
tgfollOW1ng spr1nt exerc1se,<3H 1euc1ne 1ncorporatlon returnedt
" to- pre exerc1se leveIS w1th1n 60 hours (f1gures 9 through""~

vh16) The percentage of 'an1ma]s wh1ch demonstrated h1gh .

’f‘levels of 3H leuc1ne 1ncorporatwon 1nto proteln appears tojﬂ;f"

" be. greater in the spr1ht group (soleus--‘ 64% plantar1s 7f‘af'

'.55%) than 1n the endurance group (soleus,ﬂ,44% p]antaras -vdfx

.‘-g.44%)(Table VI)

. The va11d1ty of the Ana]ys1s Off‘Vartance test »tsf;5f"

‘“f¥~dependent upon a- number of assumpt1ons, the ftrst of wh1chf‘»

7“5;{fpresented

"-5_];',."3 TRANSFER RNA--»PRDTEIN SYNTHESiS RELATIONSHIP

;ff1s re]ated to the homogene1ty of var1ance of the data be1ng_fplgj7

’?vtested A the Ch1 Square test for Homogene1ty of Var1ancejgg_f;~

d;dapplled the 3H 1euc1ne 1ncorporat1on data showedfff5 o

;s1gn1f1cant heterogenelty of var1ance the Ana1y51s offf;ffjf

d'--Var1ance test was Judged not su1table and hence w111 not be;fff]il

Slnce 1t known that the f1rst step 6* in v1vo?b;ﬁ;;f

:*“fﬁéiprote1n synthes1s 15 the am1noacylatlon of transfer Rhﬂdfi9°d*”

ftEattempt wasA made to measure the level of 3H leucyl tRNA 1n§f;§hf:

*

%'7fffsoleus and plantarqs muscles as a functlon of t1me afterd[!ﬂf?ﬁ

“itft;exerc1se Compar1son of the ske]etal muscle tRNA and 1euc1neff;fg3;

(4

’effff1ncorporat1on data suggests ' rec1proca1 re]at1onsh1pf7":i'
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: AN
-between tRNA (S.A. .in dpm/0D 260nm) and protein

\\antheSIS
(represented by the"S Ao in dpm/mg proteIn in the TOT
n fractIon) in skeleta] muscle(Tables VIII through XI). When~,
 the levels of . 3H-leu01ne‘ bound .to tRNA are high, the ”
'irelatIve amount of 3H leuc1ne IncorporatIon into proteIn is
tow This is - represented by a h19h ratIo of tRNA ProteIn«
‘_SpéCJf1c actIVIty -On the other .hand, when 3H- leucine
:IncorporatIon“- into proteIn' is “high, the amount' of
4‘radio%labelted: leucine bound to the tRNA mo]ecule is
) relatIvely low erldIng a low ratIo of tRNA ProteIn spécIfIc o

| actIVIty

- c. METHODOLOGICAL RELIABILITY
- The t- test datao for proteIn | detérmﬁnations | and‘

'radionuclide-'counting are presented in Tables X1I and XIII

respectIvely T- test values and probabIlItIes revea] that no :‘

adIfferences eXIsted between the double aquuots taken for
. both proteIn determInatIOns and radIOnuclIde countIng |
T AnalySIs of VarIance on serum. radIOactIVIty data (Table
VII) shows that no ~difference. .. eRIsted between blood
3H- leuc1ne pools in all anImals ofh}dqfferent‘ experimental

| ,groupi.
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Tab1e,VIII.‘Re1ationship between the.charging?levels of tRNA'
and prote1n synthesis in the’ total homogenate fract1on

from soleus muscle of an1ma1s from the aerobic group. oz

_GROUP POST-EXER. ANIMAL tRNA 'S.A. TOT. HOMOG. S.A. RATIO -
SACRIFICE = #  dpm/OD 260 dpm/mg PROTEIN tRNA:Pr

-----------------------------------------------------

SED.C . - 1 454014 17079 - 26.58
SED.C -, 2 182654 12080 15.12.
SED.C - <;f; 3 326501 - 11422 28.50"
" AE.ACC. - 2 320487 . 2377 135.67
CAELACC. -+ 3. 248255 2818 101.02
C AE. - Ohe' 1 163396 . 1646 '99.27.
CAE. Ohr .3 77821 2269 3417
. i ‘ . ‘ } . ? . . . ‘ ) ». ) L}. .v‘ ) o . )
AE. 24 hr 3 241508 3350 72,09
AE. 48 hr 3 266487 . 3956 . 67.36
AE. 80 hr 427273 . ., 2636 . 162.09 .
‘AE. 60 hr 2 299672 2695 - 111.20
. AE. 60 hr 3 254110 3228 )“?8'72
AE. © 72 hr 1 245503 . 2217 110.74
S MEL Taheo 2 305865 2258 . i%.de
©AEY 72 hr 3 140701 - 2N7 - 5750
. AE. 12hF 1 5404 92400  0.0585
AE. 28 he . 1 11471 17a20? 0.0658
AE. 36 hr . 2 113986 - - 95217  1.20
A i
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Table ,IX; Re]at1onsh1p between the charg1ng levels of tRNA
| and prote1n synthes1s in the tota1 homogenate fract1on |

4from plantar1s muscle of an1mals from the aerob1c group.

GROUP POST- EXER 'ANIMAL tRNA S.A. TDT HOMO& 'S.A. RATIO
SACRIFIGE . # dpm/OD 260 dpm/mg PROTEIN tRNA Pr

R e e —-—-- - - ———— - ---—_—-—_-‘ - - - -

SED.C. - " . 1 . 140450 - 13152 ' 10.68
SED.C.. - - - 2 40264 - 12313 - - 3.27-
SED.C" - 3. 86560 10318~ 8.39

: ¢E;Aécf' - o 254474 - 2022 - 125.85 .
RE.ACC. - .. 3 .. 96971 . 1896 ~  51.15

CRE. O he 1 140500 1847 - 76.07
CAES  0hr 3 60191 17270 3485

AE. 24 hr 3 - 161587 l:  “2535- ;  ?ﬁ51,éo o
CAE. 38 hr . 2 "3e888 10032 . 3.98

©_AE. 48he 3 33080 2085 1.5
97014 . 1809 . 53.63

- e T |
"AE. °60 hr 2 55198 ‘. 2068 . 26.69
CAE. 3. 59824 . " 2488 24.05

o AE.. 72hri. 1 51545 - 2209 23,12
CAE. 72 hr 2. 224892 © 1585 | 141.89
“AE. hr 384141 . 1789 | 35.85

e e e bt R i U i U |

o
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Table X. Relationship between thevchabging levels of  tRNA

and prote1n' synthes1s in the total homogenate fract1on '

from soleus muscle of an1mals from the anaerob1c group

GRDUP POST EXER ANIMAL tRNA S.A, TOT HOMOG S A, RATIO
SACRIFICE -“# dpm/OD 260 dpm/mg PROTEIN tRNA Pr

e . R T e i Tl I R T .-

454014

182654,
. 326501

" 73635

325286 |
331537 . 2543
. 287528+ - 664

- em e e we m em Be e s T e m e e e S S e W e Ge Gm e e e e AR e e R e S G e E e s R M A e

11422

86381 2307 .
158467 2042

393011, . 2534f;'_
. 105794 . 3134
387100 © , 2660

16537 n”3298
©244299 3784
423253

R
o/

348427 3414
. ¢ 822554 2575
120708 . 3233

R arasp
- 293167 . 1803 ..
oo 474475 . 2243kd1l

122530

3120
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.~Table.X‘leont’d) .. Relat10n5h1p between the charg1ng levels

of tRNA and protein synthes1s in the total ‘homogenate‘ o

fraction from ~ -soleus muscle of ahimals from the

' anaerob1c group

'GROUP POST- EXER. _ANIMAL tRNA S.A. TOT.HOMOG: S.A. "RATIO
- "SACRIFICE “dpm/0D 260 dpm/mg PROTEIN -thA;Pr

L - - —_.._...._--_'-..---— -—--.--—.._ e e e e - - - -

*n:

AN, 0hf 3 18630 - 124950 . 0.1331
CANCC Ohr X - 18404 109404 01682

AN 2ahe 4730 ssst o.ie2r

CCOAN. 36 he 1 o 1e228 - 92505 o
AN, 36 hr 2 35373 54793
CAN. 38 he 37 15722 61922

I~ .
(8]
o

NPT
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Tab]e XI. Re]at1onsh1p between the charglng 1evels of tRNA}

| -and prote1n synthes1s 1n the
| from. plantarls muscle of

group.

| 7

, GROUP POST-EXER. ANIMAL LRNA S.A. TOT.HOMOG. S.A.
7 SACRIFICE  # dpm/OD 260 dpm/mg PROTEIN-

e - ——-——-——_— - - n et _—----——— -—_--_—-—_--—-— - e em

CooT18152°

AN, Ohe . 1 {9302
AN«,y. 0hr 2 .- 46663

AN 28 he 1 4928t
AN, 24 hr -3 - 16343

p =g

=

»
LT3
TN —

>
=
(o]
oo ‘
S TTT
R R R g
WA -

AN T2Re 1 11698955;‘
AN 72 he 2 183510
AN. 72 hr 3 140824

e e o e o e o o e e e e e

D.C.. -~ - .1 140450
SED.C. - ~2 . 40264
- RS - ,\85560'

© AN 12he 1. 218835
AN, {2h -2 Cazess
Doz 3 98330

13004
2 0. 85494 - -
4 157072

. 055697 f:,
To114321 - L
. o2m0870 2

tota] homogenate fract1on'.

12313

2112

. 10318

- ~=1329., B

2089
15_20-1.0..-;» S

'5149774*‘

fﬂébogfthitﬁ

an1ma]s from the anaerob1c o

RATIO

tRNA Pr
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s Tab1é~ XI '(cohf’d) Relat1onsh1p between the charg1ng, ’

levels SF * tRNA and prote1n Synthes1s in the total

homOgenate fract1on from .plantar1s musCIe of animals

from the anaerob1c group R

';f" AEA

S . f : K ' ’ S
I Y . . . .
e LA s . . . . R .
! RN T B R -

L e

p

" "GROUP POST-EXER. ANIMAL tRNA S.A, TOT. HOMOG: S.A. RATIO

(SACRIFICE. dpm/OD 260 dpm/mg PROTEIN tRNA:Pr =

— - e am ——-_--———- - e e - - - -—---—--—---—-- --——-——

aAN;?7n+ﬁf”-ﬁ3‘?Qfﬂmgfwf_ffzﬁaa}aj”msﬁw'

U AN 0he o 4 4807 . 111950 1.32

11891 10123 1B
21652 . 16365 | - 1.32

>
=z
w
[0))
- 2
o |
R CEENT
N
—r
[e))
(8]
N
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Tab]e XII Dafa” uSéd' td* determine *t-test re]at1onsh1p [_“;

betwéen doubTe a11qu0ts of prote1n samples taken frpm§; f

v*. soleus (S) and plantar1s (P) muscles

T

JUCIE A RN s | ER
"Gg;UP”-ANIMAL#7 MUSCLE " FRACTION : ALIQUOT 1 ALIQUOT PR
/R . ob280 - ""0D260 ~-;)//‘

o4 s o §189<.» 192 \,f |

...]'”qMYofjffflf73327 ]]7;-Jf323fﬂ*gj;'f .
oMo s

N, af}'23527? ;[gé7975}510T-{:,;"”f:172.fEf}¢;3173g;£,}*
ST T wvoo 300 . .303 7
Sowr e

e soL 2. a2 o

o osoL o oiisa 153j;¢;jjﬂf3 f*
L'*MYO'“7f9wff ;351_{”f: in354[f* ” SRR

E  ';$0Lffi,ﬂ{Cx1266iz 2661*4f9'“’ff1"°

C MYO© .. .385 379
, CMIT ;241;‘,a1*z:236' B
oo 8oL o 1b4 w182
P TOT T 24 21
w0, 357 39
el O MIT s _;173‘;,'-' L 167
. osoL o .209 211
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~ Table XI1 (cont’ d) . Data used to determ1ne.“ t- test b

relat1onsh1p between double a11quots of proteIn samp]es

taken from so]eus (S) and plantar1s (P) muscles -

: GROUP "ANIMAL#f“MuscLE FRACTION ALIQUOT 1 'ALIGNdT’z |
‘ - 3 _....00260  ""0D260

Theans = o3

: -....'...-'-.-‘-—-~-_'.....-..---..‘"_'-...._...—-----....._'.-..-_'-..‘»..--.--b-___--'__.._.v._ ____

T test Values for: Means E

S Co]umn P B2 e L
S rROWUI». i 0 0 -0, 047 v o e
”'TROWEQ*“”"” 0. 047 0 0 .[,Q”q?H-Q},’xf.ff-~mf,f
T Degrees of Freedom 39

'77;ROW'15” T qledd ol
Row 2;,-;]:' '0.963" uf1;ooo~"

.-'—_--v-__---'——--—-J-_----———--—----—---a»--‘-----—---—------:--;_



’ﬁ“"’50;°f |
Table XIIIL. Data used to determ1ne t*téét‘he1ation5hip Ay
between double al1quots of rad1oact1v1ty samples taken

_fromeso]euse(S)‘and planQarjs,(P) muse]es.l‘j

- GROUP ANIMAL#,'MUscLE FRACTION ALIQUOT 1 ALIQUOT 2

_;h__--—--,_-----------_-_--a--

oEaCC. o tvs o TOT ff5°8eif;aef‘501ei

49?7?Rf50Lf;ﬂff€ii211[?f:ff;7225f]f¢vaﬁw“

S Y MYo . 48980 - 46300° . . ..

ol MITO 27182887 et

e ispLoc 712763 0 12725 0

TP roOTC o 349103485 L
S Myo. 13853 . 13113 C
‘»~.,;,50Lf;;fvy 5950 © 6053

om0 3 s otor osme oesta

:AE5‘24'H.'1v  l;e}iS'bjeﬁ_TOTﬁhha— 39733e'e3fﬁ41540”  -Lt:@fﬂhﬁﬁ?:
ST oo T 7 wyoo o .82500 . BO60O o o
o UMIT 11450 11876 ;
... spL - 15{86° .~ 15531 - .-
. MYo . 15838 16808 . .
oo UMIT i 1810 1651 o e
osoL 4268 If"'”4092;f&“?%ﬁﬂ;{ |



.-jTable XIII (cont d) f"Data used to determ1ne j t4test

' relat1onsh1p between doub]e. a11quots of rad1oact1v1ty

< .

mpTes taKen from soleus (S) and plantar1s (P) muscles
GROUP ANIMAL# MUSCLE FRACTION ALIQUOT A ALIQUDT 2

cpm. .. cpm

--w----_—-d--_—h——----—-;-__----a—-a;—--s-——-;--—_--;——a

LReW L T 0812
‘,,;Row-z o -0.812 ~g;o co

S RowC LT 1. ooo o 422
;za;;wa;Zfig:;T.h: 0.422 1. 000

N

Y
il



Iv. 'DISCUSSION

o
'|'

The d1scuss1on which followsa le] be presented in four

fsectlons .I1)' Methodolog1ca1 ReliabiTity, ZI::;Tritiated :

5Protpﬁ” Synthes1s_ Relat1onsh1p, and” 4) ;L‘Practicalg'

1mﬁl1cat1ons

'

A METHODOLOGICAL RELIABILITY

¥
‘,‘
s

o
S

'i[v\'presented in f1gures 1 through 16 and - Tables ‘VIII through’

oleus and plantar1s musc]es to Spr1nt endurance worK -

t
‘These d1fferences are stattst1ca11y shown by the s1gn1f1cant,

- "‘.;

,3H 1euc1ne 1ncorporatlon data

.

UZ ;
:anwmal to the 1mposed exerc1se load

;would 1nd1cate that these analyt1ca] p;

rreltable and were not the cause of5

Ifédﬁoa¢;, : =of prote1ns and tRNA ‘;f}ﬁjf

'Leuc1ne 11ncorporat1on nto Prote1n,_'3) Transfer RNA - )

%Thef 3y~ leuc1ne i1ncorporat1on and 3H- 1eucyl tRNA data;

PesPeCt‘VGIY~_ suggest d1fferences in the. responses off ,
| C“‘ SCIuare (for' Homogene1ty of Varlance) obta1ned 'from37’
d?scuss1on the steps taken to ensure that the;'obseryed,3f“

fteohn1que but to the varwable b1olog1cal response .of each o

jmu$cles showed no dtfference (Tables XII and XIII) Th1s?”;i5

the changes in theiI“'}

It 5i$f 1mportant to descr1be at the"outsethofﬁthe;f _If

'IH:Th' compar1son : by t test between_ the 1ndepently7,I¢?L

rocessed dupl1cate samples taken from each fract1on of bothﬂfﬁf?;f

techntques weres“fta'



.hﬁﬁ_fexerc1se treatments (Cf AE It 12 to 35 hl?

'Ifdimeasured d1fferences 1n the data "?ﬁ/{‘{,af;ijff,n?f*;*”

lA]so, the_‘dnaiysis th 'Variance " of J}the ‘serum
rad1oact1V1ty data (Table VII) showed no d1fference 1n serum
_tr1t1um pct1v1ty between the d1fferent exper1mental "groups

' Th1sv would suggest that the 3H 1euc1ne pool was constant

’h,between groups and var1at1ons in precursor pool -were not

.respon 1ble for the d1fferences, seen~;1n the 1protein_u

R

1abe1}1ng data , o o
As well, the sacr1flce schedule (Table XXII Append1x,f{,..

PO

f\
DY shows that the t1me of sacr1f1ce for each an1ma1 W1th1nf*'

'the same group occurred at dlfferent t1mes of day, ';, rats;'
;}were not sacr1f1ced at any part1cu]ar tume of thetr dally'

;cyc]e There was no relat1onsh1p between the t1me of day (or'

‘v»n1ght) “when ‘an an1ma1 “was ’sacr1f1ced and the'3H 1euc1ne"7:”““

1ncorporat1on 1nto d1fferent fract1ons of soleus 'and

| - p]antariso.vmusclevy Thus,_ the poss1b1]1ty that dwurnal ;,ii,ﬂ

YaVariation was the Cause of the var1ab111ty : 3H ]euc1ne S
L:1ncorporat1on 1nto prote1n is remote a fjt:"‘.' | p
Last]y. the general pattern 1n the observed changes,‘f'v

»-foccurred in: a spec1f1c t1me range followihg the dﬂfferentf&f:

: *xt::fand from 24 to 48 hrs) S1nﬁe the sacrlflce‘was random,' thftf.ﬁi

’“-‘ﬁf”1s unl1ke1y that the order of sacr1f1ce was the cause of the;j;,a:

AN '---at 0 txmeff

“’E?EtdA d1scussed above,;grth observat1ons ‘ that :hé:]f?ek:

jff?f:3H leuc1ne 1ncorporatlon Sh 1ncreased dur1ng a spec1f1c;.ff517;
hhh?f?per1od of t1me\supports the hypothes1s that the demonstrated{tfff,f;

'dftf}ffd1fferences 1n 3H leuc1ne 1ncorporat1on 1nto proteln was notﬁg;;ffu

v “4 ._,: e R ‘ S
Ll g

S - - o E B4 )



- ;;f;F1gure 17 Hypothes1zed d1str1bution pattern of e”duranceﬁf;

.~ggyw‘ pattern)

t54:'

RELATIVE
H LEUCINE . UPTAKE

acclrmated animals - show1ng Peaks ©in- o 3H- 1euc1ne“;§ i
1ncorporat1bn '1nto -protexn £ ?---. 1nd1v1dual anlmalrﬁg "

S G e e e R e Fe N L



N
o I S _ - .
‘@ result 'of methoddlogibal‘ error, and that individual

. biological difference among animals must, 1n some way,
"account for the pattern of responses seen as a result of the
" two types of acute exerc1se.vAlthough*the physical 1nten51ty‘
'of the exerctse bouts 'imposed on - these animals can be
‘;ﬂcalculated the Pelatlve physiological stress of such worK
~on each animal is difficult to quantify Even if the worK is
‘of equal 1nten51ty. a difference4 in: relative ‘stress may i

effect | responses which vary both qualitatively and/or

.quantitatively 1n any system w1th1n different 'animals AfF

one assumes that a stress of 51gn1ficant magnitude 1mposed

4,

on a certain muscle causes some altered biochemical state -
r_in .particular‘ pertaining to protein metabolism - then eachw
"ind1v1dual animal would reflect such an altered state in

terms of accelerated /potein turnover “(as observed .in

3H-Teucine 1ncor ration). Howeverx because ofb_ the
. S /\ ' .

physiological individuality 'evident in. each“animal, how' -

rapidly thejsign,of stress appears “in muscle may'-hot be .
‘synchrqnous in 'all animals Though it might be‘aniover
51mplif1cat1bn each animal may respond ‘to the stress ‘as
depicted by the broken lines in Fig 17 n | i
Other alternatives wh1ch might explain the measured -
'differences 1n response patterns between animals 1nclude

- the consideration that the work done on the performance days,

'-f;' was stressful for some animals and not for others Hence,

' L

';‘only those animals which were stressed showed elevated

3~ leucine responses. 2) the cons1deration that the work

A
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'performed was stressful enough 1n some an1mals to suppress’

3H- leuc1ne uptake dur1ng the times- chosen for observat1on.

s

elevated responses in 3H- leuc1ne uptake changes in prote1nﬂ

4?turnover were accompl1shed by’ decreas1ng the degradat1on of

prote1n and not by alterlng synthe51s

If, as hypothesized 1nd1v1dual animal response

"stetween 24 ‘and - 48 hrs) the sample t1mes as51gned to each

different animals within those groups Thus, if an an1mal

\

| whose 1nd1v1dual response pattern shows a peak: at 36 hours

measured’response in that anlmal at the ;12 hour sacr1f1ce

showed an elevated 3H- leucine response at a specxf1c

' post-exercise ‘time where change was. 'seen, represent those

w1th the sacr1f1ce time (eg. Animal 24 #1 2 soleus muscle -

&

| and 3) the poss1b1l1ty that 1n those animals whlch showed no.

'patternJ in 3H-leucine 1ncorporat1on do occur w1iﬂ1n such a
‘range of post exerc1se sacr1f1ce t1mes (cf. AE. ? 12 to\36 '

‘hrs; AN, - b1modally with' elevat1ons at -0 tlme 'and ~again .

| anlmal may not _représent elevated response t1mes for

was randomly aSSIQned to the 12 hour sacr1f1ce group,.the4

t1me could be decreased It 1s poss1ble that an1mals wh1chu.

'an1mals wh1ch show an elevated response time wh1ch co1nc1des‘

Table XIX) On the other hand, an1mals wh1qh show low levels.

.of 3H- leuc1ne 1ncorporat10n into prote1n at the = ‘same

sacrifice time (eg. Animal 24 #3 soleus muscle - - Table “XIX)

could represent those ‘animals wh1ch demonstrate a peak in

3H-leUCine incorporat1on--1nto proteln wh1ch could . have :

,'occurredt_either prior to.or folloWinQythe.sacrificthlme in
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_ question. If ‘we examiné the group means ca]culated for thed:‘

-~ 3H- leuc1ne 1ncorporat1on data an e]evated mean 1s seen at 24

L

hours follow1ng endurance work (Table-XIX, append1x C) and

-36 hours fol]ow1ng spr1nt work (Table XX, Append1x c).

It s of 1nterest to note that fol]ow1ng sp1nt exerc1se

the elevated 'response occurred pr1or to (le O t1me) and

-

"_faga1n at 36 hours when compared to the endurance exerc1se

LI

Though no spec1f1c ‘reason for th1s can be offered 1t is
poss1b1e that the 1nterm1ttant h1gh 1ntens1ty nature of the

‘exerc1se e11c1ts the b1moda1 response

S . .
-Because of the dearth of- 1nformation‘ availablie on

\_prdtein s¥nthes1s follow1ng : acute ' exercise - and;vAthe'
*'methodolog1cal d1fferences that ex1st between the few wh1chp
| are pub11shed a d the present 1nvest1gat1on, af compar1son-;g

~'w1th relateo 1nvest1gat10ns is’ d1ff1cu1t

In the, present study. rats. after having performed a

treadm1ll runn1ng accl1mat1on program,_ were requ1red to -

| perform ‘an exper1menta1 exerc1se bout (e1ther spr1nt or
' endurance) .on two consecut1ve days. So]eus and plantar1s’
musc les were ‘samp]ed prmor to exercise, .and at 12 hour

1ntervals from 0 to 72 hours following the last exerc1se _

se551on Ten minutes pr1or to sacr1f1ce L-(4, 5 3H) - 1euc1ne :

" was adm1n1stered by 1ntravenous 1nJectlon at ‘a dosage_ of o
2§pC1/1009 body we jght. In vivo 1ncorporat1on ofiaHjleUCineh
d1nto prote1ns and the leveg'cofv aminoacylationr of leucine

'_onto tRNA were meas red.

In contnast, Dohm and co- workers (1977a, 1977b,_1978),

‘..
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studied protein metabolism~in response to chronic'exercise
ln_uhioh_rats were ]trained from "6 to 12 weeks on an’
endurance}_“type' ‘of - treadmill runnjng' ‘program, The
llgastroonemius muscle was.examined and 1»‘C-leucine was the
rad1o labelled am1no acid used They stud1ed in vivo and in ,
vitro models, adm1n1ster1ng 14¢- leuc1ne at maxlmuml dosages:

" 15uCi/100g and 0 2 C1/1OOg,ﬁ respect1vely The anlmals
J p

were sacr1f1ced from 1 to 3 hours post- 1n3ect1on :'ln the1r

\report no - 1nformat1on was g1ven regard1ng the tlme elapsed o

s1nce the last exerc1se sess1on Levels of 14C-leucme
‘ 1ncorporat1on 1nto"prote1n fract1od$'in theSe studies are

“lower by one order. of magnttude (349 22 dpm/mg prote1n in,

Am total homogenate fract1on of soleus muscle from an untra1nedfl )

'"f‘an1mal); when compared to the levels measured in the presentf

'1nvest1gat1on | It 1s p0551ble that the fype and durat1on of

":onrk performed the t1ssue prepanat1on tﬁe dQSe and method?- -

of = label - administration, the durat1on sof‘ in vivo
;'incorporation, and the'time elapsed,s1nce the‘last exer01sesp
session could account ,for the'-differences in magn1tude*
tobserved in both 51tuat1ons - |

Beecher et al (1979) also used chron1cally tra1ned male

rats The an1mals were sacr1f1ced 1 hour follow1ng.*-"
| 1ntravenous adm1n1strat1on of (alpha - “C)famino1sobutyrlc

.pac1d (1. QFC’/1009) Gastrocnem1us-muscle uas'chosen‘and the
'5eauthors gave no . 1nformat1on regard1ng the elapsed time after.
-vthe last exerc1se se551on R R |
Rogers and colleagues (1979) on'the’other hand.'used_

» -
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mature untrained . guinea pigs to study_protein synthesis ~

. following a single rUn-€§F ‘exhaustion on a motor dr1ven

treadmill at a s]ow;y;‘,m‘and a low 1ntens1ty character1st1c
, e G £
. of endurance work. The an1mals _were, sacr1f1ced . hour.

' following - the - exhaust1ve run .and t1ssue slices from

“\

gastrocnem1us and -soleus muscles were 1ncubated in a medium

o conta1n1ng 0. 05mC1 of 3H leuc1ne for a period of between 0.5

and 1.5 hours\ The spe01f1c- act1v1t1es' of . prote1ns, 'RNA;'
polysomes, m1crosomes, and the total homogenate fract1on of
tissue sl1ces were measured A representat1ve value of ‘the

1evel of . 3H- 1euc1ne ein the total homogenate fraction. of;

'g'control soleus t1ssués from the study conducted by Rogers et_

.
1a7;.1s 16, 300 650 cpm. Th1s 3H 1euc1ne resu]t wou]d appear_

to d1ffer s1gn1f1cantly from those -0 %he - present'c

'.1nvest1gat1on ' (2000 3000 dpm/mg prote1n) }~The type off

"i'an1mal the durat1on of ‘the,a tra1n1ng k Sess1ohs,. :1he‘ytf

'»fexhausfive nature of the work bouts, the ln v:tro method of PR

3H- leu01ne 1ncubat1on. the t1ssue preparat1on, and the t1me*

_tof sacr1f1ce post exerc1se “could’ all.contrlbutevto these[/?“‘

.,observed d1fferences

McManus and ‘co-workers (1975) also ‘used ‘guinea p1gsf"

tralned on an endurance program over a per1od of 5 weekshﬁ".

‘{“The exper1menta1 des1gn ‘1ncluded castrat1on, testosterone"‘
:;:pep]acement and normal gonﬁdal funct1on treatments The

\an1mals were sacr1f1ced 18 hours follow1ng thelr last run one

the treadm111 Four hours pr1or to sacr1f1ce, all an1malsr.v'

rece1ved by 1ntravenous 1nJect1on L (4,5 3H) leucine at a
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dosage of 5uC1/1OOg Prote1n content of plantar1s muscle was
determlned }~and vlabelled am1no ac1d~ 1ncorpbratu@nv was

4 expressed'as‘cpm/mg.wet muscle,welght"‘The',ten-fold* higher
",'reSUlts of the present 1nvest1gat1on as compa#%d to that of

, McManus et al (21 0 % 2.0 cpm/mg tlssue) ‘could be attr1buted’

to the dlfferences between the an1mals used “the length of

" the tra1n1ng programs. the method of label -adm1n1strat1on

the durat1on of label 1ncubatlon, the dosage of label used
'» and/or the t1me elapsed s1nce the last exer01se sess1on '_
‘ F1nally, Wenger et al (1n press) reported the_ resultsz :

'of our prev1ous study 1n wh1ch rats were accl1mated to onet

- of e1ther sprlnt or endurance protocols on a motor dr1ven_.'

\

rodent treadm1ll Anlmals were sacr1f1ced before exerc1se”§fﬁ'

and at 0, 2. 18 24 or 48 hOUPS post exerc1se Sl1ces Qf‘h o

‘ red and wh1te vastus lateralls muscles were 1ncubated 1n a. .

med1um c0nta1n1ng 1QuC1/ml of L (4 5 3H) leuc1ne,4 and h

1ncorporat1on of the :rad1onucltde wasi measured (dpm/mg;:fhf

‘f‘.nerote1n) 1n the whole homogenate\ and four\ subcellular;“ih

fract1ons The eXper1mental work bout was performed on onlyf;lgjh

‘f_;f*l day and was equal 1n d1stance to h two day protocolj*;ty

?

: outl1ned - in the present study The results observed 1n our.‘d"'"

e earl1er study range from one t0'two orders of magn1tude lesséd"'“

) than those measured dur1ng the present 1nvest1gat10n Theﬂ',-‘”

v'd1fferent results seen between these two studles would‘t

ullkely be due to the dtfferent performance protocols used I

* the in vivo vs ’ln vitro 1ncubat1on techn1ques or ‘some - .

Atcomblnat1on of these two factors



In summary, un studyxng the effects of“.exeroisei'on

”,tfmuscle prote1n ‘ metabol1sm, : there -Fahe!7“a.anmber of .

fexper1menta1'var1ab1es such as -

-t' sampl1ng t1me re]at1ve to ‘thef last eXerojse‘jsession"
(Bostrom et al 1974 present study) }:
f; | thel durat1on ;iofi jn'g vrvo ’ 1ncorporat1on of 5the~;L'
“,.frad1o labelled am1no ac1d pr1or to sacr1f1ce (Mart1n eti_
a;_alt 1977); | S |
- spec1es .of{htexbebimenta].Vtgnimals__;(guineaa.hpigs}
.‘";rats)(Burle1gh 1974)‘ | _d ARt f R
‘ t- muscle t1ssues (gastrocnemwus, soleus yplantar1s, red

wh1te vastus 1atera11s).

.

‘t_?1‘1ncubat1on med1a and methods in vrvo and ln vztno;_i S

iw’:\1ncorporat1on (Zak et al 1979), and

. N )

"5]”? the type, 1ntens1ty of exerc1se and total amount of work»g”ijf:

1mposed on the exper1mental an1mals

‘jv;iwh1ch could contr1bute to the d1fferences 1n the resu]tSﬁ;%fVﬁf

o “ureported 1n the var1ous 1nvestlgatwons

"“fffB TRITIATED LEUCINE INCDRPORATION INTO PROTEIN L

The data from both soleus and plantar1s muscles from“h

'Vfti‘all an1mals (f1gures 1 through 16) 1nd1cate that changes in ffhfﬂ'

“rtthe 1ncorporat1on of 3H leuc1ne 1nto proteln 1n the four'h;f;ff~

A,ofract1ons of skeletal musc]e (TDT YOQd MIT and SOL)fu

t;occurred at the same t1me and in the ‘same d1rect1on _(Tablet-_,,:

'}d IV) Th1s would suggest that the d1fferent fract1ons ofr'H

,,i‘skeletal muscle do not respond 1ndependently of qne another g.u-f~f

}‘d‘fébl ’t;”
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' but are modiﬁrvd 1nv_oncert in‘this'study, the 3H leu01ne .

xlncorporat1on 1nto prote1n was termlnated w1th1n 15 m1nutes

During the f1rst 10 'to 15 »min. i after -3H leuc1ne';l;

:inCOrporation-' the amount of labelled prote1ns degraded is
less than 10- 15 A 300 of the total labelled prote1ns (if the
’half l1fel of prote1n 'is, assumed to. be 5 hours) In fact

half l1ves of most prote1ns are in the order of days (Note '

there are some protelns such as membrane components and

';neurotransm1tter receptors that turnover» in m1nutes, bUt L

"fthey const1tute - very small proportlon of the fract1onssliil

- -:.stud1ed ) Thus, the 1ncorporat1on measured thls‘ study,_ f

[ an be regarded as rt»lndlcat1on of the rate of proteln»'a”"

t’_-synthe51s (Zak et al ;. 1979) The elevated prote1n synthet1c?':

é*syact1v1ty appears to be a general response 1n both skeletal‘*';“"

':;"muscles examined (although the heart muscle does not show -a;

.“:;'i31m1lar. pattern (Table IV)) HoWever' 8pe01f1c; pPOtetn':i‘u,
'“hsfract1ons have been shown to dlffer 4n metabollc responsestflg_“y

"}ﬁas a: result of var1ous acute exerc1se st1mul1 (Wenger et al L

*hﬁ1n press, McManus et al 1975) or . chronlc tra1n1ng reglmensf;‘**ﬁr

‘lﬁ(Dohm et al 1977a. 1978 Holloszy,_1975 BaldW1n et al ;,r-”

-71977 SJodln et al, 1976; Goldberg,, 1975; uaweé.ﬁgét' al,

"131974 Gordon, 1967) D1screpancy between the results of th1sg;f;f_l

'fb:and otherﬁ studles cannot be ‘ exPla1ned by ava1lableﬁ;;;j;f

ﬁ‘hlnformat1on dbutf lack of statist1cal s1gn1f1cance may befat7597

'-7j} d1rectly related to the small number of anlmals per group

The six- fold decrease tn‘»dth incorporat10n iddflfftid\

“-rJf'3H leu01ne 1nto»,the;_total homogenate fract1on of musclesf};



Cfrom AE.ACC. animals (soleus - 2358 dpm/mg protein:
~ plantaris - 1888) when. compared  to athe‘,SEDtCﬂs‘antmals
.lsoleusﬁ'-t 13527' plantarls e 11928) indicates'that”the
_aerob1c accltmat1on mod1f1es ;the ‘1ncorporatlon 'ratel of o
.';3H leu01ne' 1nto» protelng_ and hence the prote1n synthet1cMN
:.~act1v1ty 1n skeletal muscle When the ‘average ,3H leuc1ne .

1ncorporat1on‘ 1nto prote1n of SED C an1mals is compared to

”.those of AN.ACC. antmals (soleus - 8468 °plantarts - 8771)

;;dAwthe dlfference does not appear to be as great (Table V) If -

"-however, the 3nd1v1dual values of 3H leuc1ne 1ncorporat1onfl_'

~of the AN ACC group presented in Table V are con51dered 1t)

| ‘fbecomes apparent that the response of the number 1 antmal 1n“

':uNthat group (1e AN ACC #1) substanttally 1nflates the grouplw o

' ;;lmean The‘ reason for the unusually elevated 3H leuc1nexﬁff:”

5N;ll1ncorporat1on ft th1s anlmal ' not clear but w1ll bef;?>t

; f*d1scussed 1n a later sect1on If the 1nd1v1dual data for the;ﬁjf

o of depress1ng the rate of prote1n synthetlc aCt’V’ty

’l

fﬁfrema1n1ng ’wo an1mals. of that group Qare cons1dered ffg;ﬂx

f?"7tp1ndependent of the elevated response of the AN ACC fl;;?lfh
;'i7tllan1mal the range of values 1n 3H leuc1ne 1ncorporat1on 1nt0faff;9
'"*;fprote1n is 51m1lar to that shown 1n an1mals of the AE. ACC.

'“~5T¥group Thus.}”tt would appear that in general exerc1sefifi“*

V'Tfaccl1mat1on protocols such as those Lresented 1n thls study,j;'pf;

-;f{whether they are of spr1nt or endurance nature are capable‘

:"tskeletal muscle Alterat1ons in protetn turnover rates;f:3

isuggested from ev1dence of 1ncreased prote1n cataboltsm as afuflr3

f}result of endurance tra1n1ng presented by Dohm et al]ﬂ*fﬁf

1
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(1977a)‘ as Well as ev1dence of lncreaSed:synthesis_of_ :

certa1n enzymes (Cytoch ome C --Bcoth and. Holloszy (1975))

and 1ncreased RNAa e act1v1ty follow1ng endurance tra1n1ng‘ N

| _(Szcezesna Kazzmarek et al (1978)) would tend to support |
- }these f1nd1ngs (at - least w1th respect to the AE ACC group)
| The con81stent response t1mes range from 12 to 36 hours

:7ﬁfor the endurance group and the dual responses *ét‘ 0 hoursr'

7';:"and 24 to 48 hours for the spr1nt group As the d1stance -

‘tcovered by both groups was equal, elther the 1nterval Tvs;
;.cont1nuous nature of the work performed the 1ntens1ty of
';i;the exercxse ‘or- some comb1nat10n of these two factors wouldr"
;fseem to be frespons1ble for- both the dlfferences in the
”response patterns and the t1me frames o o

{

The apparent Key role wh1ch Intensity plays 'ujn”

f;egmod1fy1ng thé‘ 3H leu01ne 1ncorporat1on 1 isf further-\

»:bunderscoped by the flndlng.that the elevated 1nconporat1on15:‘

Lfie. more l1kely to occur 1n the spr1nt group than follow1ng]htf"

'“ff:endurance exerC1se (Table VI) It '1s poss1ble that th’feecll
lifﬁtrlgger mechanlsm(s) respons1ble forlf slgnalllng hif?tiiif

‘iégf1n1t1at1on of the prote1n synthetlc process :1n skeletalf;;fffgi

:7tmuscle is st1mulated to }a greater extent by the h1ghergf3-f«“

l*ﬁrftntens1ty spr1nt work

FlHEIIY' the tlme when the rate of pPOtEln synthes1sf?fl .-

';returns to pre exercise levels d1ffers between the endurance,d P

s'and sprlnt groups Follow1ng t acute endurance exerc1se,.h,ff

'@g';gthe»: 3H- leucxne ~1ncdrporat1on '1nto prote1n _returned to

!"f‘upre exerc1se control values w1thin 48 hours pos1? eqprc1se L

P
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} practtcal 1mpl1catlons of thls study

fss"

L"x{ '

u._,Follow1ng the acute spr1nt exercise, the‘ protein synthetlc

-act1v1ty had returned to pre exerc1se control values w1th1n’

60 hours in all an1mals Th1s dlfference in the t1me where

'pre exelc1se levels are re establlshed follow1ng spr1nt or

-hendurance work has 1mpl1catlons for tra1n1ng and w1ll bei'”

dlscussed further in the sect1on whlch deals -w1th‘the

_C TRANSFER RNA - PROTEIN SYNTHESIS RELATIONSHIP

:r The data for the. tRNA labell1nq by 3H leu01ne and

3 S3H leuc1ne 1ncorporatlon 1nto prote1n 1nd1cates that tRNA - 1s‘°
| mod1f1ed in the post exerc1se response,,of_ muscle -prote1n -

. metabollsm

When the levels of M3H-leucinefftncorporation,“into

T

}':prote1n are elevated -vthej levels of 3H leucyl tRNA are
ndrelat1vely (Tables VIII to XI) 1nd1cat1ng that” -
fiamtnoacylat1on of tRNA 1s not rate l1m1t1ng 1n the sequence‘

‘Sf;fof react1ons of protetn synthes1s Another explanatlon for'

Sf:’fifthe observed relat1onsh1p between tRNA and prote1n synthe51sddf*

Z}:fﬁpre supposes a st1mulated 1ncrease 1n tRNA turnover 1n some“f‘
;iganimals dur1ng the observed post exercwse re8p0nse ranges |
v‘1%fflﬁlhls 1ncreased turnover may be part1ally reSpons1ble for the7jfl
) S"°tobserved 1ncreases 1n proteln synthet1c act1v1ty thosefi»g
”A",??anlmals Nhen S:h level 3H leucyl tRNA lS h1gh h fffﬁ
| 7f€1ncorporatlon of 3H leuc1ne 1nto prote1n 1s low Th1s would:ixf
'hfdgsuggest that a greater prop0rt1on of the rad1o labelledtirf

’"3]h"am1no ac1ds rema1n bound to the tRNA molecule (an rnoreased;fff

~
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chargtngl;levelv'of tRNA' assoctated with a decrease"in
tUrnover/‘rate)}‘and ~have  not been made-ava1lable to the“

'y;polyr@bosomal"protein synthet1c apparatus. On the other7
. hand, when the level of 3H-leucyl-tRNA is Tow, the Tlevel of

\'3H leUC1ne 1ncorporated into new proteln is h1gh Th1s could

™ A

reflect an 1ncrease ln the turnover rate of leucyl tRNAd

”f»where a greater proport1on of tr1t1ated am1no acids are made

ava1lable to the prote1n synthet1c system, and resultant;j“?

1ncreases in the levels of 3Hvleuc1ne‘ 1ncorporated into
.‘ N B N . . A . '{

prote1n are seen v

It is. outl1ned elsewhere in thls report (p 83) that the:j
l~the synthes1s of prote1n 1s dependent upon the 1nteract1ons
".of RNA and DNA As there now is ‘some ev1dence suggest1ng”'

1that tRNA does play a ‘role and can be mod1f1ed Ain',the‘
':prote1n metabol1c response to acute exerc1se,,the quest1on‘
:r.arlses ‘as to the role that mRNA and rRNA m1ght play tnl’w

fshaplng th1s adapt1ve response The results of th1s study,n

;because °f chaﬁges in the level of am1noacylat1on of tRNA AV'}

:jtwould fi1nd1cate that theh. tr1gger mechan1§@§s whuch* o

“7jﬁn1t1ate(s) an 1ncreased act1v1ty qnt the sequence of eventsh.;ff

: ’Aﬁﬂlead1ng to the formatton of new prote1n 1s operat1ng at

'-~r_,;;prtor to thej§;wel of translation Whether or not thej?f'].

"?f}tnanscriptlon of the coded message locked lnto the DNA;;;tjﬁ

""’Rfa}structure the translocatlon of the newly formed mRNA fromff;fii

v'b'fhthe nucleus of the cell to the cytoplasm. the b1nd1ng of the;th;7*

*mRNA polymers to the r1bosomal prote1n or' the translatlon?;f;ﬂ;

'i;~of the message carr1ed by mRNA (1nvolv1ng the am1noacylated}itgﬁh

':t++;+s;;;;_;;4;'ee.x;yF;~ S
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' vtRNA) are affected is sttll.unKnown‘ Further 1nvest1gat1onf
is’ requ1red to eluc1date the\subcellular mechan1sms 1nvolved‘
in the prote1n metabol1c adaptat1on to exercise. Once th1s
'has been achleved we may better understand how to mod1fy'
- the tra1n1ng st1mulus 1n order to. ach1eve a des1red tra1n1ng
adaptat1on | | | |
In summary, it can be concluded as follows,mf
- The'protein-synthet1c response as 'a' result “of acute
Ttexerc1se shows 'a pattern where elevated ‘3H'1éu¢ine
1ncorporat1on 1nto drote1n 1s seen from 12 to 36 hours
‘followtng endurance work and at both 0 t1me and between
24 and 48 hours follow1ng sprxnt work The cause of th

dwfferent A-responses. between endurance and sprtnt

.1////;xerc1se 1s unKnown Furthermore all fractions appear

. to ,;respond in the same manner‘ and pre exerCISe' o

T.EBH-leucine 1ncorporat1on 1nto- protewn levels '“aretf

.T;re establ1shed w1th1n 48 hours follow1ng enduranceyff :

- *exerc1se and W1th1n 60 hours follow1ng sprtnt worK '}";7i7*

| "'fﬁffKThe changes 1n prote1n synthes1s 1n response to exerc1se;fff“,

ff?jmay not follow }the jsame t1me course 1n all an1mals r_i?55

' "(dAlthough the thS1cal 1ntenstty of the exerc1se bOUt can7fhsjf

be calculated the effectfve stress on each an1mal ‘Sgkfi}:

7'=_fof response of antmals,to_a speC1f1c exerc1se st1mulus

“"4°&f¥gifF1nally leucyl tRNA levels are mod1f1ed in’ response ffﬁfhzfﬁf

d1ff1cult to quanttfy Th1s relat1ve 1ntens1ty could be]fi&if

respons1ble for the d1fferences seen in the t1me courseﬁp}3;:

{f;fexerc1se Thws would 1nd1cate that part of the mechanlsm

S EECIRARN . : ST : - O Lo s ':v s



',ﬁpgand mon1tored more effectxvely on a”@°"9°’”9 bas’s

yby' whlch‘ﬁthe tra1n1ng effect is bu1lt in response tO-;Jf

. exerCISe overload ~may 1nvolve mod1f1cat1on of the

‘translatlon step in prote1n synthe51s . 4__4?-sf

D PRACTICAL IMPLICATIONS

vThe_ﬂdata suggest that not all an1mals respond in. theff
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~ same manner to a set exerc1se st1mulus Th1s observat1onp""'

tunderscores thefv already 'well | recogn1zed . need »for',’
,e,1nd1v1dual1ty 1n tra1n1ng programs Because the 1nd1v1dual;
*sttilfresponse to an exerc1se type and load may ge dlfferent :i{ N
"there must be some attempt made to evaluate 1nd1v1dualr‘
response patterns _ Furthert 1nvest1gat1on 1nto the prote1ntf:
' ;,metabol1c response follow1ng acute exerc1se may eventually
;elu01date 'the mechanlsm respons1bl€ for the sequence of iI o
Vtef_;events which lead to adaptat1on of the tra1n1ng effect WhengQVI

‘sipth1s achxeved the tra1n1ng st1mulus may be man1pulated§::.ifl

Elevated ‘3H leucine -1ncorporat1on ‘1nto prote1n wasﬁffdff,

0

0

/

the fact that differences are seen 1n the response offff;{ii

’ﬁﬂappears *'that the high 1ntensity 1nterm1ttent exerctsehirg};f

..QS

. v'-f‘ o

,vuIIeV1dent 12 to 36 hours follow1ng éndunﬁhce exerC1se and atﬁﬂsﬁ;ff
. :‘}._j j:,both 0 tlme and &tween 24 and 48 hours followmg Spf‘lnt:f-if}v
'fjfjf”exercise The 1mpl1cattons of these f1nd1ngs l1e.inot in’ theﬁjfﬂi°°

”IIIjispec1f1c response times themselves (because of spec1es¥f;hfiu

VV:de1fferences.: results found ' the rat do not necessar1lyf:i{ ;ﬁ

"-f;Ireflect that response Whlch would be seen 1n the human) butiffﬁ*ff

'",}’fmuscle metabol1sm to sprint orbfendurance exerclse It[fjj:f.
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results in a greater pek_gntage of e]evated responses and a

bimodal response pattern when _-compared,"tc) endurancew
exercise. -“Associated with ‘these findings are the times
folJowtng exercise where the ?H—téucine incorporation “into
. .;protein returns\ tog.preeexercise ‘levets (ie. enduranceyf"
within 48h; sprint - within 60h).” These ’dath‘-suggest the ]i
need [for greater»trecovery" time follow1ng h1gh 1ntens1ty:

‘1nterm1ttent‘sprint work than follow1ng endurance exerC1se

£~ . The exercise schedule - outlined | jni ‘the present
1nyést1gat1on 1nvotved worK of a spr1nt or endurance nature
on each of two consecut1ve days How ‘protein ~metaboltsm
responds in a. 51tuation where two exer01se sessions are
performed on the same day, or exerc1se sess1ons of d1ffer1ngn
1ntens1ty and duratlon are performed on. ¢hree consecut1ve'

i ‘
days or ‘on four. as yet 1s to be deternnned Whether ane'

") opportun1ty has been given for the tra1n1ng effect to be c o

built pr1or to an addit1onal stress betng imposed on those-
systems is st111 unknown These are Just several of the
',1ssues whlch must be dealt w1th before the full 1mpl1cat1on5‘

" of the effect of d1fferent types and amounts of exercise on'

/./

prote1n metabol1sm in skeletal muscle can be rea11zed

R
2
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::prof1le has been shown to ex1st 3

':Fffm?mma“a" skeletal muscle (pros1m1an. rat mouse"

t‘ﬁgéomposed of a thlrd d1stinct muscle flber type E

/ reray G1llesp1e et al. 1974) whlchm Fi'asf

© APPENDIX A" -
E. REVIEW OF LITERATURE S R TR YN A
 SKELETAL MUSCLE FIBER TYPES AND THE. NOTION OF
RECRUITMENT T e e e S

As myof1brwllar ATPase act1v1ty has been_'ShOWnr tbttbgfgf&

1

‘7.]‘°1°531Y related to contract1le speed (Barany et al l@SSl:’i":
}fthe' two maJor f1ber ype f categorles- h1stochem1cally L f
't,dlstlnguwshed on th1s basis can be designated as. cons1st1ng

'of e1ther slow tw1tch (low levels of myoflbr1llar_ ATPaseer*

’3 act1v1ty) or fast twutch (h1gh levels of myof1br1llar ATPaseylrﬁ
fffact1v1ty) f1bers (Golln1ck et al 1972a 1972b Barnard etﬂki‘

-»h-?]fﬁy 1971) Because of the metabollc and ,contract1le1{)"

“[fﬂcharacteristucs of these two pools ‘of muscle f1bers. thé;?tﬁ;

o terms slow twitch and‘tslow oxwdatwve (SOl are often usedf_?}f

[ ﬂf.?sp?c1f1c two flbefiQFVS

.Ef{fmudh exper1meﬁkal eV1dence supports the fact that otherﬁriug

*fetc )

-been termedi

' 5ffast ox1dat1ve QIYCO‘Yth (FOG) These f1bers show both nghf;ff?
lt;llevels of myof1br1llar ATPase act1v1ty (Burke and Edgerton,tfj*“
}2121975) as well heavy sta1n1ng for oxidat:ve enzYmet; _l
potent131 (Petef‘ et a’ 1972) This papticu]ap flber‘ type

_mmaﬁf:ymous‘y')“‘i jf;greljifhéjﬂ terms fast twitch “,d'ffﬁ”
_...-f:ast glycolytlc (FQ) . A”h"“gh

n human skeletal muscle.;5;”£

g-erton‘and];;fr

;mpson,>1969 Armstrong et al 1974 1975 B éijélﬁifffif




) ttw‘Gr1mby and Hannerz (1968) Hannerz (1974) é\a TanJ1 and»Kato ,~7

S : ' L : ST s

and co- workers (1972)

- 'ﬁ'A_t Thus 1t would appear that mammal1an\skeletal muscle tsbjf"

L tomposed of fibers wh1\h are character1zed by d1ffFrences in g, o

\\

contractlle metaboll\\and funct1onal parameters (rev1ewed
by . Close, 1972) Th1s d1st1pct1on between fast tw1tch and
"slow tw1tch f1bers w1th d1ffer1ng enzymatlc and structural

’character1st1cs forms the bas1s of the 1dea or: concept of
- . TN
" motor un1t (le spec1flc f1ber) recru1tment '

N ;';r_ Furthermore, the f1nd1ngs\of Henneman and Dlson (1965)

t (1973) Wlth electromyographic 1record1ngs of s1ngle motor

unlts would seem to- 1nd1cate the presence of metabol1cally

tand character1st1cally d1fferent muscle f1ber' pools whlch :

can be select1vely called into. play in the performance bf a

-

B part1cular type and 1ntensity of work and. 1n part, seem to
be regulated by . h1gher- center 1nput (Hannerz and Gr1mby,
\ 1973) IR :"o'“t"ff' i E T |

v

H1stochem1cal evidence (1n partlcular,. analys1s of

-glycogen deplettz: patterns) also suggests ,that the'

:if\\\\mgchan1sm postulat

by Henneman and Olson (1965) .e%1sts
'where, -\atf low to moderate st1mulat1on 1nten51ty and
,'frequency, those f1bers w1th the smallest motorneurons (SD

'FOG) seem to be predom1nantly recru1ted and where those

ss1f1cat1on system l.plj;EG;AFOG).was'proposed*by’Pe}erf "1:

t“

L]

¢ 'flbePS w1th the largest motorneuron s1zev (FG) are called ;

f*ﬁ,nto p]ay only at the h1gher 1ntens1t1es of st1mulat1on

TSupport for th1s hypothes1s comes from other authors who

8, L 4 . - . o . - .
S . - . e o . . L A .
. ‘_,'. - V4 9 £ B PR . e,

o f
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':ff?1973) s .;vl.;"-» R _\g y
'f:V.»PROTEIN\TURNOVER OVERLOAD AND EXERCISE f-~7ff*\\\%'vf

SRR

have shown that the effect of exerc1se on the glycogen storel’

ts dependent on the. work load employed (Hu]tman et al.

1971 Sa]t1n and Karlsson, 1971) and from the ana]ys1s of

lycogen deplet1on patterns 1n exerc1s1ng rats (Armstrong et;
I 1974 1975 Edgerton and S1mpson. 1969) prosxm1ansh
(Gt]lesp1e et al 1974) gu1nea ptgs (Edgerton and Swmpson,_

o '§n -55;:7 : T

1969). and humans (P1eh1 1974 Edgerton et al 1975 ﬁf?
,Golln1ck et\al 1973a, 1973b 1974a,,1974b Costtl] et al.,

- . S N ’."',“ . . \‘
R SR

\.
N

‘\}\\

el,g'well understood and have been shown torbe dependent upon the

1nteracttons of the. nucle1c//gﬂds, DNA ‘and RNA (Lehn1nger,_

\I)

’1970) Thus the transcrtpt1on and translatton of the coded{f;

\\<,..

The mechan1sms 1nvolved 1n the synthes1s of prote1n are “A

-

’*;messages 1ocked 1nto the DNA structure are ach1eved by suchﬂ**-

‘t\enzymes ‘as’ RNA \po]ymerase and the actlons of - messenger,_

o transfer and r1bosoma1 RNA These processes :result in the o

synthes1s of -proteins (erthér structural of enzymattc) by

\

"means of pepttde bond format1on\anq the add1t1on of amtno',;~e

“IAac1d res1dues to the newly manufactured protetn (Lehn1nger.fh‘1;

” ‘_sh1ft1ng balance between .the processes of synthesrs andh

1970) The metabol1sm of protetn, however, must -no belft

cons1dered solely terms of synthes1s, but 1nstead as a

”'degradatnon (Young,_ 1970 Burle1gh 1974 M111ward et al.

(Mtqlward et al 1975 S§1vastav

: 1970a, 1970b 1975) Durtng the process of growth "f sh1ft:n

thls balance ex1sts towards thegsgpthes1s of new prote1n'5;

‘v 1. ; ; AN ST . o PR
. . 4

and Chardhary1p 1969, o
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. -~Youngr”'197o Bur1e1gh 1974) gﬁa"'etfeéf-i‘ muscle

_ hypertrophy and 1ncreased metaboltc functton has been shownf-_-

o tendon) In th1s 51tuat10n,\the

°'1970, e 1974) L1Kewtse,_“in,fay'rev1ew by Goldber-\’fand_T

\

co- workers (1975), 1ncreases in muscle» we1ghts.‘ ) *RNA.
| prote1n content and turnover, T"\' B\as ‘and/ am1no a01d'~~
‘uptaKe were demonstrated in skele'al mu_ ' resu]t of¢

;; of the Ach1TT%s’
{

synerg1st muscles.f soleus'

compensatory adaptatton (1nduce- by tenotc

\and plantar1s, must assume the Qbrk load normal]y hand]ed by:
j'the gastrocnem1us muscle Whether or not the chaﬁges 1nducedf

r“tn response to thts protocql reﬁﬂect,an 1ncreased prote1n;g'

lvit'synthe51s, ,a' decreased ' prote1n degradatton ’,@”h_ somet-

Jg.comb1natton of these two factors 1s equ1vocal Desp1te thetp'

‘ifquestlon as to how phy51olog1ca1 thts 51tuat1on mtght be.aet,

‘ﬁﬂ has - been suggested that 'j-1s ' 1ncreased tens1on*t:v'

”'development whtch 1s the crtttcal event 1n» 1n1t1at1ng th1s

.

'i:compensatory hypertrophy (Go]dberg,;1975)

Shtfts '1n the prote1n metabol1c ba]ance have also been‘g
- .

' '“fdemonstrated as a. result of phy51ca1 exer01se and tra1n1ng;,"

| ‘(Gordon, et al., 1967a," 1967b Hubbard et al. 11974,,uaweed‘{~ff
etal., 1974 ohm et al., 1977a, 1977b). As  the neural -

'recru1tment of spec1f1c muscle f1bers d1ctates the speed at ;"

o wh1ch the whole musc]e w111 contract (Barany, 1967 Close,.f

‘*;1972) \‘the substrates t' w111 use (Baldw1n et al 1973

~ -

T“*Pernow et al: 1971) andu the enzymat10 pathways _‘t w’]]”

"‘; emp]oy\\to supply the requ1red energy to do the- work

o

Ao



‘U”V”fprote1n

. is some

_ﬂ'

., < T e e

'}lEdlngton ot av 1973 Holloszy et. al _ f973 1975a. 1975b

g_Mole et al . 1971) 1t can be satd that the thS1cal ‘work“" -

4 VCapac1ty of an organ1sm or group of muscles may be dependent

‘Upon 1t%s contractlle prote1n gmyos1n act1n) and 1ts ab1l1ty“

g L

'«fﬂto produce the energy needed for that contract1on Ev1dence"

\

h»prote1n adaptat1on 1n wothng muscle (Helander.,lgs1 GQFdQﬁr

'1~f'et al. 1967a, 1967b Holloszy et al 1973 i 1975a. 1§75bl'?

N

itffrom phys1cal tra1n1ng stud1es does support th1s -not1on fOf/ﬂ»'

A'fand Maxwell and h1s co workers (1971) hypothe31zed that th1slfllj

‘,lv‘-

\/.A v

""u"5tstJQYv thh r.(,ﬁ':,ect tO endurance tra1n1ng)

.i;5"phenomenon of select1ve adaptat1on 1n muscle reflected he”f-f

'":f7spec1f1c recru1tment of those f1bers (1n th1s part1culart7:’

However, the ev1dence relat1ng to the spectftCity'?off‘:j:en

~N

dtralned QU1nea p1gs (4 months‘ on a. unn1ng program)iffafff"

"exerc1sed an1mals as compared to the1r unexerc1sed controls .

‘ f;However. Hubbard et al (1974)“ aga1n “wtth R endurance“&w

tmyof1br1llar and stromal prote1ns On the other hand thef=

. oppostte tra1n1ng effects were demonstrated by Gordon et aI}} N

[ adaptatton as a result of certa1n types of tra1n1ng?'e7”

.hat controvers1al Helander (1961) ' W1th enduranceﬁd;

‘J7ﬂh_demonstrated anﬁ*ncrease '1n myof1br1llar, prote1n in. Vthef{fdfﬁf

‘»”_tra1n1ng, showed a non selectlve change of . sarcoplasmtc,glf}

"f41957a) and daweed et al (1974) w1th endurance runnlng *and”fffiff

“:sw1mm1ng programs Here, 1ncreases in sarcoplasm1c prote1ns.

ft(mttochondr1al prote1ns) and decreases 1n 1 myof1br1llar*

»'1PPOtejns (contract1le protetnleWfre seen in rat quadrtceps7»'

"‘and gastrocnem}us muscles These f1nd1ngs have beeng.'

N
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i

‘»'substant1ated by others (YaKov]ev et aI 1963) 'As- wel]

”GOPdOﬂ 'Ef ~al . (1967b) and daweed et al (19?%) us1ng ratsh;fzg'bﬂ

'tra1ned by we1ght 11ft1ng, have demonstrated select1ve_ -

‘g1ncreases '1n myof1br111ar prote1ns w1th ltttle change 1n-;

sarcoplasm1c components Th1s >1ncrease 'in'_ myof1br1llar‘ Yy

‘rjﬁprotetn was. a]so assoc1ated w1th select1ve hypertrophy of FG- o

.‘fyaflbers (those presumably recru1ted) but not of SD or *FOGhQ?_‘ﬁQf

o“f1bers (Gordon et al., 1967b) .ilq;:;gay,~x;-.f

Slm11ar1y, Gordon and3 co workers (1967a) w1th;r\,‘ﬂf“

“,f};endurance tra1n1ng, showed no net'\change 1n whole muscleﬁj"“* :

"1ifs1ze but demonstrated an 1ncrease 1n the flber areas of the?gtff;;g

b

}';f}¢red (SO FDG) f1ber types Faulkner et al (1971) and Maxwell;f

"[et al (1973), study1ng gu1nea p1gs’ dlscovered an 1ncrease'ifffi}3

‘ij}1p the mean area of SO f1bers in so]eus muscles along w1thfgﬂe;_fi

ﬁdu_hYpertrophy of lT; three f1ber tYPes 1n plantar1s,.and anfffufff?

-ﬂ1ncreased proport1onv of red to wh1te muscte f1bers tngw;gW

t'plantar1s musc]es after an endurance tra1n1ng per1od

“ L.’effect f1ber compos1t1on alterat1ons 'i selected muscles;“b

i 'have been demonstrated wath both endurance (Edgerton et al

dff1973 Barnard et al 1970 Faulkner et al g 1971 Maxwe]];{h_"7’

foet al ,1971 1973 Syrovy et al 1972 W11K1nson et al

d71976)'and 'Spr1nt (Saubert et al 1973 Mackte, 1975 [,t.

'”bvng11K1nson et al 1976) tra1n1ng These f1ber a]tepat1ons!ﬂ

. t;have not however, been demonstrated 1n a]l tra1n1ng stud1ese:_{f _,

 (Bagby et al., 1972; Exner et al., 1973a, 1973b; Fitts, et -

:;alg; 1973 1974) and 1t has been suggested that the ChangesQl7"”

”uffi demomstrated _i these stud1es may have been confounded by»gg_g.{_

B | . : i .-
»'v\ ¥ . .y "*7"' -



A -ittO contro1 an1mals. a]though the body we1ghts of the an1male

o n;;,5,m;:" : -.v;' 88
: fudeveIOpmentalt Changesu (MaCRiew _1975}' W11k1nson et al
_earlter perta1n1ng to the speo1f1c1ty of prote1n synthe51s

;&may be due to a s1m11ar 1nt\ractlon of tra1n1ng response and

'”Qdevelopmental changes prepubertal and mature an1mals:

}“*fTh1s 1ncrea5e 1n prote1n _ ynthes1s W1th exerc1se Was*
"':ffreflected in a more general way by HUbban Et al (1974) WhOi

"fi_showed that there was more prote1n 1n exerc1sed‘as comparedw

”“tf;were the same j,qgft;f]g;;f-";f“”jiﬁbf,éjaw,y R

’,f

1978). In fact, sOme of the"eontroyers1a1 ev1dence _c1ted'

On a more enzymat1c level the spe01f1c1ty of prote1nﬁﬂf¢}f_

'*7r.f1n_generalv tPalnlng results 1n an 1ncrease 1n the ab1l1tyy?5§;;
"“~E;[tof;§pppjy= energy the contact11e apparatus (Wenger andiff]f
7ﬂi;Reedf¢1976) as well as changes the Concentpat1on '?Odfff"eﬂﬂ

3'k-,<aettitttes: of enzymes of 1ntermed1ary metabol1sm (Bass et:f,r?y

{tanffadaptat1on to a spec1f1c exerc1se eiress is well documented-;fl”“'

’ B 1969' StaUdte and Pette, | 1972) - Mope spec-lf]Ca"y,:‘f_;, L

;1ncreases n;; ox1dat1ve enzyme ' Capac1ty have . been;ft”f‘“

vf vﬁemonstrwied W1th endurance exerc1se and tra1n1ng (Barnard'~;
L etal.) 1970, ﬁ 1871; F1tts et al. i 1974; Ed1ngton et al.,
;uf1970 1973 Gollntck et al 1972 : Peter et al 1972 *{?”y
’e*TerJung et al., 1972; Ho]loszy et al.. 1973, 1975a, 1975b)f ?"°'

r;,gand 1sometr1c or Spr1nt tra1n1ng seems to alter glycolytlctfrl

'a'?nas well as some oxwdat1ve enzymes (Bagby et al 1972 Exnerffz,sf

et.al. 1973a, 1973b Saubert et al 1973 Staudte.et al.

:fai1973 Thorstensson et al 1975) to result 1n an 1ncrease 1nf'ih{e

f'e7g;;the metabol1c capac1ty for energy product1on:(5alt1n,,.1973 Lo
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HoTWoszy, 1975a) f mg'.wb ?‘f@ﬁ'h.,*anj”?ﬂf“;;qf5QAN‘

e . o v o

Analys1s of nuc]ewc acid content 1na tralned sKeletalt?*af"

muscle g1ves r1se to more controvers1a1 f1nd1ngs Gordon and

DNA content f;

co workers (1967a, 1967b) found no change f%i total' muscle':'

rom anlma]s tra1ned by sw1mm1ng, endurance~“d"t f
df”n;Trunn1ng or,weight 11ft1ng whereas Ba11ey et al (1973) w1thifu}fé;
+?ﬁf;an1ma]s (tr 1n1ng by means of a sw1mm1ng program, showed af@fttﬂf

"51gn1f1cantfd1ffe”ence between exerc1se and COhtFO] an1mals?sﬁffj;

.'ﬁ?ﬂ}f1n DNA concentratton (Pg/mg t1ssue) at 12 weeks of age. andffﬁ*i7?

‘.

el

r,_-.

i."‘ B

"*.-fused 1n these part1cu1ar stud1es were from d1fferent 'ge%g«

"}3groups (Hubbard et al. 1974 “Bailey et al. 1973)

,

') V

,éfgastrocnem1us muscle However;fg

| g f?1n the prote1n DNA rat1o at 6 weeks of age.¢ In contrast_‘;f‘ff
i"fjngubbard et al (1974) showed hanges 1n DNA content as. afffof&
hl"gﬂfresult of an endurance runn1ng pnogram,” on]y se]ect1veR“?;1ﬂf
'fﬁi}g;muscles Thus, the gastrocnem1us muscle showed no change 1nfﬁ;7fft
)NTJQNA content wh1le kD s1gn1f1cant decreases fnéi);DNA?},ffF;
fﬁifconcentrat1ons of soleus and plantar1s muscles were seen 1nfft5{'v
'°’:F¥rats exerc1sed up to 18 weeks of age 'it, poss1b1e that"“u-

f;ifthese d1screpanc1es aga1n may be age related, as €he an1mals”k'h'

RNA concentrat1ons' 1n rat cardlac and skeletal muscle.!hn,-_
.,ﬁﬁhave also been stud1ed after acute exhaust1ve4 SW1mm1ngit;t‘M‘
(BOStrom et al. . 1974) Levels of. RNA in: card1ac ttssue werefhgtf”:
: stgn1fxcantly decreased 1mmed1ate1y after the exerc1se bouti_fffﬁ7
‘t:£:5whereas no change was seen Sin RNA concentrat1on 1n the:;;‘rft

lf~one to threg daysf5,fa,7

lftzfpost exerc1se,, leve]s of RNA were s1gn1f1cantly h1gher 1n£5”}

éf}fg;fboth gastrocnem1us and card1ac musclés It was suggested byf'ig]f

0
e .



33‘;f8wards degradat1on Subsequent”

\.{ﬁll%s1nce been conf1rmed 1n
'" :i;Rogozk1n (f976)
:V:f;iPoortmans (1975)

: “fy}jn1trogen

'%*5ﬂfjsynthes1s W1th

‘aA 1nto newly

"“[;1ncorporat1on of

’ -T f;Muchn1cK and Kots1am (1975&x

fh;\Bostrom and h1s co worKers (1974) tb
.,:,ncrease in ﬁrote1n Catab011sm -;*'i

’fpemod (24 Z 72 hrs ) an, mcrease in RN

'fxﬁsynthes1s was' seen to occUr (Bcs\ om e

1evels);

0

. synthesyzed p' ,
' ffl1m1ted way Pa1n h* ﬂ?;,.A,L‘ﬁ.

Dohmf

&ggastrocnem1us muscle



prote1ns oF:anxmals w1th

thaniﬁgonadal:.*endocr1ne
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“°fﬂﬁseem to have some//hpport A further exam1nat10n Of\\thié.;f

and an analys1s of the t1me course over wh1ch g”

“"?;these changes m1ght occur would be of benef1t to help?{j;f7”

~y;elu¢1date the mechan1sms 1nvo}ved 1n the acute and poss1b1y4";

‘;'Aldhg term,:response of pfote1n adap&ive systems to thS1ca]'J*f“;

L B R \*\ ,,,"_,

-f*;exertlon \]gﬁb:fW,fffl?







 RELATIVE L e e T
OD 254nm TN AP

0’ 15 .30 4  e0 .

thur-e 18 Sample chromatograph of eluted RNA used toﬁ-,_i, L
d1stmgu1sh tRNA peak. “(flow , rate’ - 020.0. em/h;
wavelength 254nm;: buffer e 0 1M sodwm phosphate (pH--_
e 0) paper speed - 11n/h T




I o o b "'7‘:» . ¢ = "::, #o3 ot

jli}'Table XIV Method of calcu]atlon of 260 280nm wave1ength
rat1o used 1dent1fy the peak 1n the eluted samp]e

A". o .\‘4 ,'-

character1st1c of transfer RNA v;ﬁ;;j:_'ls,ff

«.

DD260 0D280 260 280 rat1o /20 cpm Sepmi. o SLALT T
_,;nm‘ -nm, ‘blank blank 260/280 Vi”~'-blank dpm/OD260“~”’»‘*
055:5g051s',0027j”;002 1 00

054" . 050 ,;oo1nxq;oox;g_w1 oo_
;.057_“;054:s;004~4;:005ﬁ2wa0 80
073 .063 020 014 - 1.43
019+ ,012 ;1;58 _
ﬁf;0495ﬂ:L0273.§[1f82 0025?,270 250 100000* ,_,;foﬂ
5 ..070. - .036° ' 1.94. 003515324-~3o4 _86857* e
045 024 i 86}:0023;}193 173;:~=75217*

.058 017 1,009 1.89¢ ¢*=;~r,;’;- ug~_;¢4;fa
.056 .022° .007. . 3,14 oo11a,=e3;;~63 57217Q;”4f757:f
08%° 1021,  3:86 .0041 130 110 26829 - ..
R8T ol 396 004 143125 T a7eRe. . L

—-_—-—-—

fAn1ma1 used was AE ACC H2 (Plantarls) Lo T L T
o K eluted samples used for calcu]atlon of tRNA,S;A;;;;;;'fﬁuq;gg

9 SAwp/oozem
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Table XV Example of the calculat13n of prote1n séec1f1c
| act1v1ty (dpm/mg prote1n) for an1ma1 #2\of the sedentary

"7. contrdl gnodp ‘-‘ ‘; . . s .
Frac M Rnotein“-blf pri pr2‘~Cthfsf“*bl¥] $}A. S.A.
" (pD260nm - mg. ,mg.. cpm - . ',cp@, " dpm
ToT . s-;zoe-;210';111 ‘2362 7085 2614-3326 2938 4147 12080
itp‘,2164;2ga5.112 2383 7149 1966~ 314i 3022 4227 12313

. ,MYD .S .665-.573 .522 ip111 3.332 3811-3765 3756 1127 3283

P .377-.373 .278 .5915 1.775 3502-3514 3476 1959 5707

MIT. S .232-.227 .133 .2830 '232 308 233 828 2397
© #.173-.176 078 1660 - 157- 146" 120 723 2106
o soL’\EL{1j54£17s”.o78'.1660 378~ 499 %40742452“.7143 -
P .236-.229 .136 .2894 397- 482 4081410 4107

.097?.096;' vBiUrFthactob = 0.045 |
28 - 35 |

~Biuret Blank

. CQUnts Bifnka |
z :;Tébl¢=jmeén‘of two prev1ous values minus value of blank)
f_pbﬂ -;Amount.Qf Prdfein'in a 0.1 ml aiidUét‘oﬁ saMplé"

J:f,f pr2 - Amount of Protein.in a 0.3 ml aliquot of sample
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‘Table XVI. Serum counts (dpm) measured 1n a 20 p] sample of
\‘,blood | taken : from. eXpePImenta] ‘anIma]s (AJ,A2‘ -
| “aliquots).’ |

Group Animal# A1 A 2 _Group An1mal# A 10 2-fﬂﬂ¥
1 7 13900 14536 SED.C. i 13900 14536 -
2 12265 13256 2 ° 12265 13256.

3 14087 14764 - - 3 . 14087 14764

' .11859. 12588 AE.ACC. 1’ 9744 10801 -
10470 10821 - 2 11314 11416 -
© 13813 12347 - 3 12065 13380

B ?, 4:,

- 11871 10490 AE. 0 1 - 12713 13547
13673 14187 S+ 20 11943 12866 -
14007 15386 ~ 3 - 13000 14457 .. '
t1178 12800 .- - - L

1202912894 AE. 12 . 1 8822 (9405
11817712153 " 2" 13876 13143
10120 10863 : 3 110834;12094-‘

~OAN. 12

WA —

oy

'14300 15385 AE. 24 1 11617 12382

12065 12900 -2 ° 9876 11550 °

14579 16100. © . 3 10958 11711
13069 12869 . ..

AN 24

s
. i i :
DWN —

|-”:.
N

12869 .13537 AE. 36
12424 13338
11032 11824

10355 11079
14160

AN, 36
| 9706 9206

WA =
[y
N
£O
wW
—y

10870 11122
12400 12831
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| liReagent Pr-epar'atlon o e G
: 1. 5g of CuSO4 5H20 and 6. Og of NaKC4H406 4H20 were m1xed
} 3;@;2 e apprOX1mate1y 500m1 of d1st111ed water ’d_ ”_'} ‘”,:t
;'feiLSOOml 10% NaOH was added to the above solut1on W1th
’ constant SW1r11ng o _" 'hi' ”id‘l“ ;.}"d‘“
‘?lThe solut1on was’ then d11uted to 101 w1th‘ d1st1lled water,

?5 and stored 1n a Teflon bottle :”f-fhiJf?”

sl PROCEDURE.;@,.gﬁanfof_eﬂ_;;*}fﬁdj;ftﬁft'j__'_tfj7.df,}w e
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