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The regeneratmg rat Hver, a mode] for r*p*d., cqntroﬂed ¢

AR growth 1n a mamnahan system, was used to 1nvestigate mo]ecular DI
o L X

f\ L ,l"events occurrmg dur1ng a trans1t1on in. growtharate.' Th'ls N - . .

o+ el 1nvest1qat1on focustad on” iRNA trans]atmn dur1ng the ear]y phase e _i-j‘:’f".f
’ L e ~;-of Tiver regenerat1on fol]owing partial. hepatectomy. o R R
The study 'inc]uded examinatmn of ;A ) the trans]atwn of L

, ‘ :1 _' po'lysoma] (po]yr1bosoma'l) mRNA, 2) the poss‘ib'le presence ‘of a '

I o e ) y po'lysome-assoc1ated factor for s:t1nfu1at1ng or 1nh1b1t1ng 1nit1at10n

frequency or trans]atmn rate, and 3). the synthes1s of. bas1c protems

T

':Aprmarﬂy h1stones and some r1bosoma1 protems) durlng the Fi rst
o 9 10 h of regeneration. : Intact po]ysomes Were 1solated “an 1n \ntro .
l i ';“.’:-trans'latmn assay for use mth rat 11ver po1ysomes (1nstead of

'vpur1 fied mRNA) as temp] ate was dev.eloped and a cr1ter10n for _
‘:"operatmnaﬂy def‘lning bas1c prote1ns was determmed Po1ysome—
e 'assoc1ated mRNA 1solated by centr1fugat1on through a d1sc0nt1nuous
dsucrose grad1ent was tlka{uslated 1n a wheat germ m v1tro trans]atwn |

R Ay FO

; G et system, and’ the translatmn products were fract1onated on.a
.. . .‘,"A" . &i

‘ ._"carboxymethyl ce'l'lulose co]umn to. quant'itate basic protems.' . ‘.
T e It was shoWn that 1) the AZGO po'lysomes/g Hver, an est'lrnate _j
' " .4 :of the quantlty of mRNA/g 11ver, 1s max1ma1 between 7 and 8 h after

St o

S i_ ‘. lpart1a1 hepatectomy, 2) an actwe, po]ysome-associated factor which

: Lo 1nf1 uences 1n1t1 atlon frequency or translatwn rat‘e 1s undetectable, 2
. ! , e o A . . X N - . S a L . ', ©o, .l_:‘ .
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and 3) the peak rate of bas1c prote1n Synthes1s does not occur

L w1th1n the fwst 10 h postoperatwe]y and thus does not co1nc1de
*‘ i w1th the peak of po1 ysome content The peak rate of bas1c protein
' BRI synthesis appéared to bé much 1ess "than that re;or/ted in ¢

R s. uncontrol]ed,cram d'ly qrowing Ehrhch asc1tes tum@ ceHs Thé
, ,. ) o N results are compatib]e w1th the fmdmgs of" o‘thers concermnq a) Dﬁ“A
.':..%(‘ . S transcmptwn bh) mRNA synthes‘is, transport and translatwn, . ‘
ot N .‘ o c) ribosomal pmtem and h1stone synthesw ear1y during rat 11ver L '
o - reqenerat1on, and d) the absence of a detectab]e, endogenous, E
R S 1n1‘t1at1on frequenc_y or trans1at'lon rate-stimulating or 1nh1b1t1ng
i . o ® factor‘ S U L

b A rev1\of\the 11terature on DNA temp]ate act1v1ty and on . °

R S -

* . R
5 r1bosoma1 proteins -and histones - and the1r synthesj_;j(ﬂowmg ‘
& " part1a1 hePatGCtON.Y 1n the rat is also 1nc1uded R
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~Studies of the sequence of 1ntrace]1u1ar events ,whieh occur m""

.:: ::"“ ':'. # .-,' "-l._ ..‘"’ " .; "v :
¥ normﬂ', controiled growth may aid in- understandmg that proces§ and : :

. .

4 1n contrastmg it mth intraceﬂu]ar events pres‘e'nt.in abnorma %3 ’
‘ uncontrolied growth as inn‘ some 'tumor céHs. The“ manmaiian 1*iver
: 'has the unusua'l property of being“ able to undergo rap1d we]] P
regulated compensatory grcmth aiso cal]ed regeneration. Although :'. '
thxer'"iiver, must continue to perfoﬁn many fuﬂctions for the rest of .
the body while inereasihg 1ts"c’e11 number, ,neoplastic ce]]s have i
no‘apparent externa] "obii gati onst' ; Many proteins absent or present
h in 'loiv __concentration 1n quies'cent cel'ls are required for ce11
;‘: replication.‘v,:-, . ,"ﬂ.-".; '. 5 B " '- y 3
'?} ; . : : v,“‘r\_"‘: ' s This the51s w111 focus:on the two major' fam111es of .ba51c
{ 4 ,, ’proteins in somatic cei’ls_‘ histonesza,nd most ribosoma] proteins. 8 3
; ,, g H‘i‘stones ;are,associated with QNA and are 1mportant 1n 1ts‘ Sak 5 i f:';_.
&y ‘ :‘ . .coni':ormation and transcription.."‘ Ribosomal proteins are es;en\t‘lal
: ZF ,‘ . for mR'NA trans'laticm and thus protein synthesis.‘n Synthe51s of bo.th"_ .
E types of protein 1s obhgator:y'i-’or cell rep'lication. , - s : ‘
: 2 Protein synthe51s '{néy be- momtored at the fo~ll_ow1 ng“ steps'-""'-"":; ::i,::.::,:.f_ ’
".z.';": 1 RNA transcription from DNA processing of the transtript (HnRNA to : L

mRNA) transport of mR‘lA to the cytopiasm, association of mRNA with

e IR
e i

ribosomes, translvation of mRNA, posttransiational modification of :‘;_j."'_""'_ e ;,'
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’ f“'.[ 1 2 Reasons for study1ng regenerat1ng 11ver .LZ»'_.V,'jF h dy.;

thiry oo sl S et dchat Mol L L g
. L T S

-‘hepatectomy 1h rats. To perform th1s work, 1t was necessary to

RS e e (a kiR

"prote1n, and presence of transTated prote1n at 1ts site of actionr .

,4.,

115The 11terature ‘on the synthes1s of ribOSOmal prote1ns and histones .:-,'“

- .f'early dur1ng liver regenerat1on has been rev1ewed with rEspect to

'these stages of gene express1on

The current research was des1gned to exam1ne 1) the amOUnt

‘ "of mRNA present per g 11ver, 2) the apparent trans]atab111ty of th1s
‘"n't°‘mRNA and 3) the act1ve synthesis of baswc prote1ns in the 11ver as

“i,a funct1on of t1me dur1ng the first 10 h fo]lowing part1a1

‘ffl} 1solate 1ntact po1ysomes (polyr1bosomes), opt1mwze c0nd1t1ons of a”
‘ wheat genn in v1tro translat1on assay, and establ1sh a cr1ter1on f

© o for d1fferent1at1ng basic and nonbas1c protelns

P

o . e e , . R . X .
oo .

Partla] hepateetomy nduced llver regenerat1on 1s a. userl, .

o

'. ea511y ava11ab1e mode] for study1ng mammallan regu]atory mechan1sms

.‘,iﬂ{“of d1fferent1at1on m1tos1s and growth at the organ, ce11u1ar, and

' ‘macromo]ecu]ar levels (Bucher and Ma]t 1971)

et al. 1977)

' ”ftrestoratlon of the 11ver mass (Bucher and Malt 1971)

- comparable to that observed 1n many embryon1c and cu]tured ce]]s

iithe best adu]t mamma11an examp]e of compensatory growth CColbert

The peak rate

1of ce]l doub11ng 1n regenerating 11ver, nearly once per 24 h, 1s

,/ﬁﬁderstanding the contro]]ed, st1mu1ated49rowth, 1nc1ud1ng the

‘:-regulatory mechan1sm(s) and the dramatlc sh1ft 1n the synchron1zed

bfo]oglcal }unct1on of the ce11 may be useful for understand1ng a
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‘ number of features of the ce11u1ar growth and the "deve]opmenta1 ij,ﬁ{ ‘L {“.-1
,‘K‘:growth" observed as the ent1re an1ma1 grows, the "add1t1ve growth“ .:f‘;
éi;,; }'L LE.;Aﬂ}“ff'Ipresent dur1ng pregnancy, 1actat1on, hyperphag1a \pd exposure to’ ;p f-f. -‘f
AR © some drugs (Bucher 1963 Bucher and Malt 1971) t1ssue growth, dur1n$
; ~,".k7_1n3ury repa1r (Mor1ey 1976), d1fferent1at1on present dur1ng L
:1 :F"ﬂlf,embryogenes1s, and the 1ack of ce11u1ar d1fferent1at1on wh1ch

: S .1'?'f1resu1ts 1n “the. aberrant growth of: neop1ast1c transformat1on (Van h{"fsf”A?g; R
Ei}f? i*?'{eli*" ?}?- Lancker 1969 Becker 1974 Mor1ey 1976 LaBrecque 1979) Aspects e
i;i;:if; ;i:fﬁhiéili'i'of regenerat1on 1nc1ude the mechan1sms of 1n1t1at1ng and '

i L ;fytenm1nat1ng ce11 pro]iferatqon, the sequence of macromo]ecular ;ef;l;fhf‘
51&21f£;:;{:;.f?:b105ynthESTS and the sources of b1oenergy dur1ng hypertrophy and |

. 'hyperp1as1a the mechan1sm of u1trastructura1 construction and

.'ifﬂmu1t1p11cat1on of subce]]u]ar organe]1es 1nc1ud1ng r1bosomes, ‘ ’”u o

4

L .u‘nuc1e1, endop]asm1c ret1cu1um “and’ m1tochondr1a in the new 06115, L

s L i

o the mechan1sm of h1sto1oglca1 organ1zat1gn in the hyperp]ast1c

"gilobe, 1. ‘e. the re1at1onsh1p between vascu]ature ret1cu1ar S

f“'gjﬁﬁ_‘"lj‘f'n endothe]1a1 ce]]s, fibroblasts, connective t1ssues and hepatic

e “pf~ce11s, and the effect of 11ver regenerat1on -on’ hepat1c funct1on.,' ‘; C.f'}i‘fvz'fffx‘\
= - iif (van, Lancker 1969) B “:ni'1ﬁ1-~‘ “

o ﬁ:;' ﬁ}fw.:{,fﬂ“'i Informat1on about two fundamenta] forms of react1on to 1n3ury,f—,{'jh‘fxf“'”

: h.Ypertrophy and hyperplas1a can- a]so be ascerta1ned by study1ng R

E ‘ ,f t the 11ver after partia1 hepatectomy Dur1ng 11ver regenerat1on, '
:ﬁ '*Ithe 1nd1v1dua1 ce11s hypertrophy pr1or to under901n9 ce11u1ar 'v, » ;
‘-;?; d1v1s1on (Van Lancker 1969)x Fo11ow1ng part1a1 hepatectomy, nearIy c
o a11 the norma]ly qu1escent hepatocytes enter the 0911 C¥C1e ,‘ i
,: o relat1ve1y synchronously, and the accompany1ng extens1ve changes ,1




%f?: ; 1n ce11u1ar metabol1sm tend to rema1n”synchronous dur1n§ the f1rst

T§_~ ; : .36 h (Co]bert et a] 1977 Lewan et a]..1977 Kr1eg et a1 1979)

'c%;f} ,'uha?}i:vh’lﬂ -fhus the cel]s we11 regu]ated trans1t1on from the rest1ng CO 1nto fl , :

;?ii}"h:;ffl"if.>.” the GI’ S GZ’ and M phases of the ce11 cyc1e and the regu]at1on of .. 4€f;l;é QQQQL‘

J MRS these~transit1ons, 1nc1ud1ng changes 1n gene §§§£5351;n, may be SRS |
studied{(Tsukada and L1eberman 1964 C01bertﬁet al.. 1977 Lewan

' "h?et a1~ 1977 Kr1eg et a].L1979) .

Exam1n1ng the sequence of synthes1s of spec1f1c proteins and

Lt ‘,,-.-.,

nue1e1c acvgs requ1red for m1tosis may a1d 1n understand1ng the

it 1{ ;tumechanisms wh1ch regu]ate DNA rep11cat1on,-DNA dependent RNA
‘é.- ’g L transcr1pt1on mRNA trans]at1on other aspects of nuc]elc ac1d
vfi.’,“f“:tﬁ:;?;ynju metabqusndland the consequent contro1 of the processes of‘growth
'é o hi':hfz:ﬁ ahd d1fferent1at1on (0r1ova 1971 Sma]'ko and P]atonov 1977b) Thus,
‘f‘- | - 11ver growth after part1a1 hepatectomy 1s a usefu] model for "7
K?T‘f{*fgf{* ffﬁ’}i'; detenm1n1ng whether regenerat1on 1n1t1ates a mass1ve act1vat1on of

N

" .

repressed genes or 0n1y an 1ncneasé“1n the express1on of pr -ex1st1ng

‘%f:__gfﬁa‘fﬂ?*='mRNA (Fausto et a] 1976 “smal'ko and P]atonov 1977b) xn add1t1on,

T;;‘?‘f“fff“;flﬁlfff' the orderedness of ce]] processes f0110w1ng part1a1 hepatectomy S
i - e provides a good experimenta1 system for study1ng the effects of '.:f i
P R ‘ff o ant1tumor agents, other fore1gn substances and 1rrad1at10n on.

' enzyme act1v1ty and metab011sm, RNA po]ymerase and gene act1vat10n,;;h 'i'

DNA po1ymerase, rep11cat1on, and m1tosls and po]yp1o1d1zat10ni~,f‘5 .

ag yorpe et
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: ;'fif,fE;{f;Elu 1 3 Description of the 1iver?‘ ..':;;{igﬁfg:?e;ff}ifa' LR

T e Y g twn SR Bt @ e
j;ﬁfff.,{f;f%:‘ i; : ; :The 11ver sa comp]ex organ,.it perfonms a var1ety of functions
Eﬁif'i-;fzi-:ﬁ‘?ii ‘ - and is. composed of'severai ce]i types;, The 11ver s gross strqcture, -
;5, : ltli.. § " ;i: tissue organization and ce]lular constwtution and the qytoiogicaiﬂt“

: “;Iﬁ“fj : body s largest vrscerai organ,,forming about B'fb 5. per cent of l*
jijf;.ﬁﬁl;'. : i eight ( eevy 1978 Andrews~1979) Ihe 1iyer,1s a soft,“e.i
e TT::Z*ifJ:’s,ifieXibie;~ edd1sh brown organ which changes shape and size according o
‘§:%nj 'L; ' '“:’ to the amonnt of 1ood present (Andrews ;979) and the space avaiiab‘re'-“~
é;?isz{-.".ﬁ‘;f:; " - K thg;peritoneai cavity (Eiias and Sherrick 1969) In mammals the
_if;Q”F' %f-.u:'ﬂ;' 1iver 1s attached\by means of 1igaments to the dome of the diaphragm, ;
Z.iff;iﬁ.;~}1.;ff?;q and 1t is pnotected by the ibs: from mechanical damage (Andrews
'J52I”'5”‘ 5_ff: 1979) Approximateiy 25 per cent of the cardrac 0utput'passes

:ffl fﬁ.?:}f.._: . through the 11ver each minute, aiib&iﬁa 1t to carny out effectiveiy .

{ o Y .‘
its many duties affect1ng the rest of the body (Lane 1974) :ai :5

f%- 'The 11ver funct1ons both as a duct]ess g]and produc1ng many

R W Ve e o adge

. .
n

: i biobd proteins and 1ipids, and aiso as a ducted giand- secreting

biie—into the 1ntest1na1 1umen (Lane 1974) Among the 1iver s many

.i "ii —other functions é}d sto;:ge.of carbohydrates, some eiements,/and
:"3;;fi?fﬁziigﬁ a few vitamins, metaboi1sm of carbohydrates, fats and protein,
"‘;ni'-ufilfﬂﬁi:ﬁ, monitoring and; gontroi of the piasma;concentrations of: Small
i%;f';:']igji,;;ﬁf'f mo]ecules 1nv01ved 1n metabolism, reeulation of - b]ood vo]uMe,' ]
';; :‘ :l‘\‘ 'AJ'.K synthesis of certain b]ood c]ott1ng factors';destruction of old red ‘f:ff:;“
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"mlﬁ 1nc1ud1ng some foreign substances, drugs, and hormones, the fonnat1on f”f;?fr.fﬁhnf

SR
e . ol
Lo i'
t :,\

. cana]s (Ehas and Sherrick 1969)

hemog]ob1n, detox1f1cat1on or remova] by f11trat1on of mater1a15 :5;*"‘

of a range of d1mens1ons and var1ous origins 1n the blood stream, .

of b11e and the product1on of: heat as a by product (Lane 1974

Sherlock 1977, Andrews 1979) The 11ver s secretory, metabol1c, : QEQE‘?:, S

and phagocytic respons1b1]1t1es tend to be 1ndependent under

nonpatho]og1c c1rcumstances (Lane 1§74)k\\

0\ . ??',

1nto carbohydrate or fat and 1s the on1y t1ssue canab]e of
deam1nat1ng am1no ac1ds (Andrews 1979) :
1 .3 2 Structure N : '

-1 3. 2 1 Gross structure _f‘““:””' .

e .t“'- ' . : N o v,.- e L

In rats, the 11ver’1s a. s1ng]e organ, however, anatomlsts %i.
d1v1de 1t 1nto four Toges, pr1mar11y on the basis of Tood supp]y

- 'd Sherr1ck 1969 Andrews 1979) There are two pr1nc1pa]

Tobes, the right and Teft or caudate.‘ The fonmer TS approx1mately

51x t1mes the s1ze of the Tatter (E11as and Sherrick 1969 Sher]ockffj
1977) The 11ver 1s structuralTy and funct10na11y fUrther composedj'f';ju“ ’

of lobules approximately l mm qn, d1ameter.« Each 10bu1e js centered}:fU'

~~~~~

1 3 2 2 Ce]]»tzEes

H1stolog1ca11y, the 11ver 1s a cont1nuous mass of parenchymaT;if?;:;_i"M

AlthoUgh the 11ver is not an important\ﬁrotein store, 1t 15 gf;ﬂLEf itf”

an hepat1c or1g1n The 11Ver 1s also capable of convertjng prote1n '.':iﬂ'ﬂ

around a smaTl branch of the hepat1c ve1n and 1s bounded by porta] e

ce]]s tunneTed both by cap11]ar1es 11ned u)\h\11ttora1 ce11s, which{ ;?fi .
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i,}-ce11s by number (Bucher 1963; Lane 1974; Lewan et al, 1977;

oungermann and Sasse 1978)) they compr1se 79 8 per cent (Jungermann

_and Sasse 1978) to 95 per cent (Bucher 1963) of ‘the organ s volume.

S-*‘ Parenchyma1 ce11s are themse1ves d1verse, ref]ect1ng the

. heterogeneous expre551on of the hepatlc genome (Lane 1974)

‘.1 Mamma11an hepatocytes are characterTZed by a thh]y ordered
:structure and functlon (Becker 1969), a large cytop]asm conta1n1ng
":an unusua11y hlgh number of organe11es (Lane 1974), a Jarge, centra]

. ';,3f0ften heteroo]o1d nuc1eus, a"d be1ng po1ygona1

v ‘”,{if1n d1ameter w1th three d1fferent, spec1a11zed ce11 suhfaces Lo

o f(Lane 19743 Sherlock 1977):

‘ the other 11ver ce11s, wh1ch tend to be d1p101d) they c ain- a

'fffi) K o ,d1sproport1onate fract1on of the organ s tota] DNA (Bucher 1963)

..l -

o 025 to 0.035 mm ‘t‘”

S

Because parenchyma] cells tend to be polyp]o1d (1n contrast to f:'

:é. transport predominately venous b1ood from the gastro1ntest1nal
l%” ‘ cana1 to the heart and by a system of secretory channels wh1ch ‘
f. ,;&L empty into the 1ntest1ne Morpholog1ca11y however the: 11ver 1s :'“ E :
E S ; ~an 1nd1v;s1b1e co:t1nuum (E11as and Sherrick 1969) o | .
:5.: - The mamma11an 11ver 1s composed of severa] ce]1 types,
.ﬁ:‘ Ll d1ffer1ng 1n number sjze rand. funct1on (Lewan et a] 1977)
_;? 3 e ‘1Tf : Hepat1c parenchyma1 cells, hepatocytes are the 11ver ce]ls best-.
ré§h‘ #;f,liﬁu‘t- . studied: Although they represent only 60 per, cent of the.11ver SR

' .In the norma] adu]t 11ver, 25 to 30 per cent of hepatocyte ce]ls are ‘]‘_
”‘q"vfl.f‘i ;fb1nuc1eate 70 to.80 per cent of the parenchymal nucle1 are ._ ' -
"ﬂ_ltetrap701d whw]e 1 to 2 per cent are octaoTo1d K i :
o (- Both the subce]]u]ar structures, 1nc1ud1ng the type of . ;
I S ' ‘ -'7;73' L e T T L ¥
. = E S U SR ol I PR SRS AN F2
3 - g - R et



e e

Yo~

et

¢ . . -
T AT, B i e [ e S
.o .- .

- endoplasm1c ret1culum and the size . and shape ofjgltoehondrla and

-

- the act1ve enzymes of hepatocytes vary w1th time, locat1on w1th1n I ;:1:' f{jtl

the l1ver, and funct1onal demands (Lane 19745 Lewan et al. 1977 —;» ‘,';‘ S

‘a

Jungermann and Sasse 1978) These character1st1cs allow the cells

to be capable of respond1ng rap1dly to changes in funct1onFl

demands, exogenous stress, or 1nJury (Lane 1974) In add1t1on, ‘

hepatocytes have an extremely complex functaonal capac1ty (Becker o

for

1974).

' Kupffer and other l1ttoral cells -and blood vessel cells” compr1se

the second most numerous class of hepat1c cells,,35 per cent of cells:
and Lﬁ 6 per cEnt of l1ver volume (Lane 1974 Jungermann and Sasse
1978) In contrast to hepaLocytes, they are slmple, conta1n1ng
clear cytoplasm few non- lysosome organelles, small m1tochondr1a,
and p1nocytot1c ve51cles (Lane 1974) de;fer cells are 1mportant
1n antvbody product1on blood formatlon,\and synthes1s of b1l1rubln |
from old erythrocytes (Sherlock 1977 Andrews 1979)

0

B1le duct cells and connect1ve t1ssue each compr15e 2 per cent

of cells; together they form 3 6 per cent of l1ver volume (Jungermann

and Sasse 1978) L1ver endothel1al cells are s1m1lar to endothel1al R B

cells of other organs (Andrews 1979), - Mesenchymal ductular, and

lymphat1c-vascular cells are also present 1n the l1ver (teevy 1973)
The pattern of enzyme activ1ty and RNA label1ng of hepatocytes .
19'

d1ffers from that of non—parenchymal cells (Lewan et al

fffff
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i ‘1.4 Regenerat1ve capac1ty of. the 11ver Co ' . i :f_ ﬁ' )
-If:‘441 %mm1&@d5“b R ‘f;fmt-',..ﬂfj]//"

) ."._ N B Lo . ’ L - S X \ ': N
o 4'”." CIn add1t1on to be1ng h1qh1y spec1a11zed Tiver: ce11s tend’to ,;//// .

" “and Ma]t 1971) No other mamma11an organ matches “the 11ver s 1atent

o tapac1ty for growth (Bucher and Ma1t*1971 Andrews 1979) A1though

V',-1n m1tos1s read11y (Buchtr 1963 Becken—1974) Dur1ng regeneraf1on,\.'
| " the mjtot1c rat 1n'rease: to" 3 to'5 in 100 (Bucher 1963) Such.
» : ST :_Mitoses can;pé/f:duc
‘ l'of up to ‘90 per ce
'3,A,11ver ce11s re 1n the c pac1ty to d1v1de, regardless of whether

’.'.//;///( e '—loss s ca ed bv chem1ca S, tox1ns, nnfect1on, rad1at1on or trauma

o (1nc1ud1ng surgery) (Leevy 1973;.Becker 1974) Each; of these

\

stresses affects the equ1"1br1un/of normal. h ﬂt1c mo]ecuTar,
IZ/ €
cellular, and organ stru ture and funct1o , 1nc1ud1ng the supp]y
- of essent1al nutrients, 1gﬂosa1 of e ogenous metabo11tes, 11ver

. 'tlssue oxygenatlon and evelopmé

“of ]mmunojog1c react1v1ty ,

- _'_'_qu ‘f" ‘ ;(Leevy 1973)




- .o - . . R . . : . . . < o a
i - et : - . . - . : . AL BT . - §
: e L R FR, - . - . . [ [ ‘L - . N 4
} PR ) N D, .

B R T

A © L -, I R NS . A L i

-—-—1-'*‘?*‘ -'H-"A"‘l.-..« ..BPH [T *"""" - ._'....«L‘ PN °.. | fonies atool haiabued “
- d& month for an entire year (Bucher”1963.) In norma] aduft-'rats '
S the. res1dua‘| 1obes near]_y doub]e jn.size. by 48 h, and the or1g1na1 o . : !
. 3 3 1
¥ ! L ° Q . .
T N mass is restored withm 7 to 10 d (Bucher and Ma'lt 1971, Lewan . :
k‘ . et a'l 1977) . Via ceHu'lar hyperp]as1a, the 11ver is capab]e of
: creat1ng suff1c1ent NewW, functionaﬂy and structuraﬂy equal ce]'ls,' : : 3

S ‘to- restore its or1g1na1 ce'l] number and metabohc capac1 ty (Bucher R o

TR REAS AR

L _.3 . ' et a'l 1969 Becker 1974) Desp1te the cons1derab1e ce'll movement

AT

wh1ch occurs dur1ng the restoratwe -en]argement of the 11ver, the L
s S Tt R
or1g1 na] 11ver 1obe structures are not restored (Bucher and Ma'lt

.';7-,., 1971 Lewan et aT 1977) Because the response to amputatmh occurs Lo

. .
'.‘_. -

' equaHy thrqughout the res1dua1 t1 ssue, 11ver regeneratwn 15 not

wound phenomenon" 1n the usuﬂ sense, 1t 1s, 1n the broader

o ;"'; g sense, a form of repaﬂ' Thus a'lthough the norma1 11ver s response
s S T to 1nJury or part1a'| hepatectomy is’ often ca]led ”regeneration“

" e "compensatory hyperp'las1a" | 1s a: more accurate term: (Becker 1974)

1 4 2 In rats foﬂomng part1a1 hepatectohy | '.: R .

ThJe regeneratwe response of 'Iwer fo11ow1ng part1a'| hepatectomy

. has been stud1ed in’ severa'l mamnahan spec1es,»1nc1ud1ng man (Lewan S

B L - ,,___. .
. et )i The most detaﬂed, systemat1c exper1menta] work has ’ . '
= s e S been carr1ed out w1th rats, m1ce, and dogs (Bucher 1963) Surg1caHy e o

' 1nduced regenerat1on 1s generaﬂy 1n1tiated by amputat1on ‘of 60 to. 70

b i _' : per:, cent of the 11ver fo]'lowmg the method of H1gg1ns and Anderson

I i

a4 «‘_ (1931) :jie two’mam 1obes, medlan p]us left 1ateral are exc1sed o,

v j.,'«}t'_"f,‘ L Tms met od’ 15 used most frequently, because 1t is re]atlvely SR ?’.."‘3

smp'le, 15 more reproducib'le and 'Ieads to more rephcab'le

observatwns from amma] to amma'l and from exper1menter to :
R SNE R N PRI R
",‘i"' - _;' ) ¥ T f
v -y : . R
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exper1menter, is weTT toTerated, and has ‘a TOw mortality raté "(Van .
' Lancker. 1969 Bucher and MaTt 1971 Lewan et al, 1977). In add1t1on, .
Va partial’ hepatectomy results :in the-most cons1stent reproduc1b1e, - !
. and best 1n vivo mamnahan, synchronOUS response
v. The mbst synchronous, acute response 1s observed in the rat.
' Synchrony 1§ affected’ pr1marﬂy by the proportwn of Tiver removed
J L (Becker 1974) W}th1n a stram of ammals, each hver TObe o ’
' . . constltutes a cons1stent proport1on of. the Hver w1th a mean . .
‘ v' u ,standard error of on]y + 2, 5 per cent (Bucher 1963. Bucher et a] ) y
B SR :?'_1969 Bucher and MaTt 1971 Becker 1974) However, th1s proport1on
4."‘"'.'-”'.vane'l"‘from stra1n to stram and spec1es to spemes (Bucher 1963) i

¥

The ampT 1tude and synchrony of the regeneratwe response are a150 '

}

S 1nﬂuenced by the amount of 'I1ver removed the an1ma1 's age, stress, ..
ma1ntenance of natura] c1rcad1an rhythms, heaTth hormona] status,' |
4 nutr1t1ona1 status, and d1etary factors (B'ocher 1963 Leduc 1964

- '_ ' »"Bucher and MaTt 1971 Becker 1974 Morley 1976 Lewan __1_:__a_ 1977)

1+

'.-1 5 Lgenerat1ve events 1n rat hver foT'Iowmg part1a1 hepatectomy

1, 5 l In1t1at1on of regenerat1 on

The exact moTecu'Iar mechamsm(s) wh1ch s1gna15 the body to ] '
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; comnence the regeneratwe response and regu'late 1t 1s unknown, 3 n

a'Ithough many postu'lates have been proposed and eXammed (Becker

Y

1974 LaBrec-:que -1979) It is thought that t1ssue growth is regu'lated j »

EARE by both actwators and 1nh1b1tors of DNA synthes1s or earher steps

i

EE “in the b1ochem1 cal C.Vc'le. or- of m1t051s (Mor'ley 1976) There e

&
]
o
B
i
y
:.

appears to be consénSUS that the s1gnal for 11ver 'regeneratmn 15 RETR
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humora] and that 1ts appearance 1is not in1t1ated by an over]oading

Lof the Hver remnant with metabohc waste 1ncreased porta] b]ood

Vel e TR
P S A N

o Flow, changes in. funct1ona1 demand or 1eve1s of known hormones\,\ or’ T
o “the Toss of growth 1nh1b1tors in the hver (Mor]ey 1976 Andrews ‘ -
©1979). Only a few descr1ptions of the many hypothes1zed regeneration
‘ § 1nduc1ng substances are presented here 4 - L
T g Okazak1 et a1 (1978) have measured the b]ood p]asma (humoral)
leve]s of the bﬂe pigment bihverdm 5 10 20 30 40 60 120 and
e | 180 m1n foHowmg partia] hepatECtomy or a sham operatwn 1n rats
‘On the basis of these results, they hypothes1ze that b1]1verd1n :
‘ u 1n1t1ates Hver ceH mu]t1p]1cat1on SR .' : -
4’ B Although the prec1se origm and ‘ldent'ity of the humora1 signal kS
| factor(s) for hver regeneration are unknown,.MoHey (1976) has _
ST 1so]ated a poss1b'le 'rn v1vo DNA synthes1s st1mu1atmg, heat stable. g
polypept1de “regeneratmg 1wer serum factor" of mo]ecu]ar' we1ght
17 000 It s/ f'irst detectable 12 L fo]]owing part1a1 hepatectomy
! The occurrence of other regeneratwn mduced events dur1ng the 12 h
i v 'Iag pr‘lor to the appearance of th1s regeneratmg llver serum factor o
% : " suggests that a number of regeneratwe factors may be 1ndUced by : : "- l -
" . part1a1 h.epatectomy, each of wh1ch 1s respons1b]e for a; part“lcular i R
e ,, phase of: the regeneratWe cyc]e (Mor]ey 1976) e s
X e ‘ LaBrecque (1979) a]so has 1solated d hver-spec1f1c polypept1de B
- B regeneratwe DNA synthes1s-and—m1tos1s "st1mu1ator substance" L L'|ke':;"-.‘,-;:_“‘-:.:';f
; S Mor]ey s (1976) regeneratmg 11ver serum factor, LaBrecque s T ‘ ‘
N

"st'lmulator substance" A'is a]so humora] bemg present on]y 'm the

—~ so'luble ceﬂ fract'lon, and heat res1stant In add1t1on, 11: 1s R
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: & el 1nact1 vated by perchlorm ac1d. 15 umque to actwe]y growmg
. N . Y 2

11ver, . 1s ethano'l prec1p1tab1e, 1s nond1a1ysab1e, and has a '
molecul ar we1ght of approx1mate1y 10 000 cBoth in vivo and in v1tro
: (hver cell, cu]tures) there 1s a 12 to 15 h 1ag between s_ynthes1s
- | or 'adm'; n1strat1on of "st1mu'latpr substance" and the presence of an
- '.'?observable effec‘t on DNA synthes'ls Th1s 12 h 1ag suggests that f':" ‘
a“;'_::\"stimmator substance" acts early m the seqUence of events lead1ng '

_}:.'to DNA synthes1s and that 1't does not exert a S1mp'|e mass action

W 'effect Further exper1ments suggest that a]thouqh "st1mu1ator
: AR _substance“ enhances regeneratwe or. rapvd grdwth 'It 15 un'l'ike'l_y

1’

L :to be the maJor contro1 factor 1n normal DNA synthests. ‘

e - Using mathemat1 ca1 1nterpretat1ons of reported m1toses dur1 ng
' 'l1ver regeneration Bard (1978 1979) has suggested that the
: !theoretmal mode] most capab'le of pred1ct1ng the actual observed

m1tot1c rate 1s compr1sed of a hver synthesued mitot1c 1nh1b1 tbr :

_ ST "'-f'_w1th 2, ha]f 11fe of 10 0 or- 11 4 h present m the same concentration oo
"\'3" 1n both the 'I1ver and the b]ood ST
; R T 1 5 2 Genera] events ear]y after partia] hepatectorny ‘. ,
A Desp1te the fact that 'Hver regeneratwn has been studwd for",':; L
i‘_»i'over forty years, there 1s st1H no detaﬂed know'ledge of the K ' g

. R '_sequence of events ear1y after part1a] hepate!.'hmy (wondergen and _

:';,-' P ‘-:.Potter 1978) L1ver 1njury, 1n th1s case created by part1a1 | ,‘."'»
'hepatectbmy, 1ndUCes a relat1 ve1y order]y and we'l'l regu]ated ser1es BT ,

"l:of morpholog1cal and b1ochem1ca1 adaptwe responses 'in subceHuTar l

o } - :organel‘les as the organ prepares for and undergoes compensatory
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B .;"the who'le 'hvbs- s g]andu]ar and metabo'lic f_ nctions (Leevy 1973

' "'-Lewan et a'l 1977) A'lthough 1n1t1a'l'ly the 1_'er remnant does not
Tl '. function as - efﬁc:enﬂ_y as the whole brgan, the 1nd1v1dua1 ceHs, 1n ’
"add1t1on to preparing for mitosis, perform 'I1ver funct1ons as weH :

~.as or better than ce]'ls 1n the norma'l state (Becker 1969 Bucher and

g

”j'_-!‘;"fMalt 1971 Lewan et a’l 1977)

Restoratmn of the 11ver mass as a coordinated process, 1n wh1Eﬁ

'4_.;hepatocytes, mesenchymal cells ductular ce'l]s and 'Iymphatu‘.-

g w ,".vascular ceHs are equa'l]y 1nvo]ved (LeeVy 1973) 0n1y the

"'-:'hepatoc_ytes respond 1n1t1a11y, the vascular and 11ttora1 ce'l]s,

' " 'f:per1tonea1 mesotheHum connectwe t1ssue,,and other elements 'Iag .
'fl'--’«",',‘.‘_l.beh'lnd by near'ly a day (Bucher 1963, Leduc 1964 Bucher et a] 1969
.I""':i-vE"'.Becker 1974) Thus, studles conducted dur'mg the ftrst 24 h after

_part1a1 hepatectomy have the advantage of deaHng pr1mar11_y with N

i.'{ o on1y hepatocyte eVents Other advantages to studymg events ear'l_y ‘

‘«"-‘dur1ng regenerat1on are the greater synchronization of events, lthe
l ::f h1gher 1eve1 of ce]'lu'lar part1cipat'ion, nd the greater ease An '

' :" et a1 1969 Bucher and Ma'lt 1971) -' ':"'

G
v.

. ‘_'-'” When exam‘lmng 'l1ver regenerat'lon, an attempt should be made. S

: ; P to d1 f‘Ferent1ate betWeen the morphoIogw and b1ochem1ca1 events

a -ﬁ{-_;l“"_v1nvolved 1n "g'landuTar compensatmn" -and 1n the growth process of DL

,-',-,'f'.::;""hver restoration (Bucher et a1 1969) To date, no spec1f1c

,.morpholog1c change foﬂowing standard part1a] -hepatectomy has been

S -‘~..,,.:.'f--."-__v'.'-shown to be abso1ute'l_y required for m1t051s (Becker 1974) . RS

Al'l tissue growth occurs by means of e1ther hypertrophy. an

.
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' iucrease 1n ceTI 51ze or mass, or hy’perplasw an 1ncrease 1n ce'H

L o < o

K
I

:"-‘f number, or by a combmatwn of both In the Hver, regeneratuon E
resu]ts pr1marﬂy from hyperp1as1a, supp]emented by some hypertrophy ‘ N
i (Mor1ey 1976) B FoHowmg part1a1 hepatectomy the cells change frbm -
the preoperat1ve state of h1 gh metabohc and 1ow m1tot'lc act'IV'lty

f1rst to a. state of 1ncreased metabohc act1v1ty character1 zed by

: : changes in RNA metabol 1sm and preparat1on for ce'H divisaon 1ast1 ng - o
12 to 16 h and associated w*lth hypertrophy The ceHs then go to a Ly

3 "s‘tate character1zed by DNA s‘ynthES'Is ahd m1 to.'1s commencmg 14 to

“16 h postoperatwe]y,.associated w1th hyperpiasia‘ (Bucher 1963
Bucher et al 1969 :Bueher and Ma1t/197I Fadsto et a1

. ,'L'"Leduc 1964.,"
'Vf’,-"1976 Co1bert et a1 1977)

Morpho]ogm changes 1n the hepatocytes can be obs‘erved 1ess

“"f"';:{;than th1rty m1n after part1a1 hepatectomy (Bucher 1963) w1th1n the

L _,'(-“ﬁrst hour postoperative]y, the rema'lmng ce11s st.art to en]arge

R ; : '(Bard 1978) Soon thereafter many morpho1 ogic changes, can be

. "f‘-_observed throughout the res1 dua1 1obes (Bucher 1963 Bucher and'“‘."—..':.: T

S BT "‘Ma'lt 1971) : D1sper51on of basophﬂ 1a 'lnfﬂtratwn w1th hpid and
a«-’1osssof g1ycogen and protem storage products can be observed 1n v
'~.f:":-‘5‘~hepatocytes (Bucher 1963 Leduc 1964 Lewan et a'l 1977) ; and the ;1'-»?,-

j'endOp'Iasmu: reticu1umg mitochondma, 1ysosomes, Go‘lg1 apparatus,

.""_-f",;.‘:'and m1crobod1es beg1n to undergo structuraﬂ and functional changes

T ‘;.;E;J(Leevy 1973) H15to]og1caﬂy, the u'ltrastruotura] changes c'lo.se1y'

: '..:‘_,.-resemble those observed after starvang a'nd refeedmg LBucher and

‘.;-:.U,Ma'lt 1971) The most visible morpho]og'rc change durmg the f1rst

I e N A L I

r"f"".*day, followmg part1a1 hepatectdmy 1s the 1ncreasmg pa]eness of the
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ceen,

'-"-"',:,,{EjSarnl'ko and P1atonov 1977b) Fol]owmg the start of ceH d1vis1on,

-

1964) These morphologw changes occur in the per1phery pr'ior to

..'1 “ ;

) : w1th1n the hver M1tos1s 1n the 11ttoral ce'l]s, peritoneal

2 _~.._..hepatectomy enter the m1 tot1c cyc1e synchronous]y (Leduc 1964

L 1979) the number of b1nuc1eate hepatocytes decreases rapuﬂy whﬂe

By 12 h postoperat‘lvely, the s1ze o'F hepatocyte ceHs, nuc1e1, ,"' '

and nuc1e011 has 1ncreased percept1b1y, pr1mar11y because of the

8 ‘-‘..-‘_j‘» accumu]at'non ot‘ '|1pids and water (Bucher 1963 Lewan et al 1977), RS (o

but DNA synthesis has not commenced (Fausto et a] 1976)

Approx1mate'ly 60 per cent of the hepatocytes rema1n1ng after part1a'|

wh1ch peaks at about 24 h postoperat-nvely (Leduc 1964 LaBrecque

‘:“.. the number of po'lyplmd hepatocytes mcreases (Bucher 1963) Th1s
1dcreased po]yp]mdy \remains after regeneratwn 1s complete, and
although the quant1ty of DNA 15 restored the number of hepatocyte
nuc1e1 never atta'ins the preOperative 'Ieve1 (Bucher 1963 Leduc

Loe
; ',‘(-

their occurrence 1n the center of the 'lobu]e (Bucher 1963)

,-'5‘2 : Many of the ,%eripheraﬂ hepatocytes appear to undergo more than

N one d1vas1on, wh1 e ‘some hepatocytes At the center of the 1obu'le R

""‘"-"-:l'\may not d1 V1de at aH A'Ithough the prohferat1ve response appears

"‘-':'»i_.to be greater i the hepatocytes than 1n the bﬂlary, vascu]ar and U e

supporting e]ements, events ln the non-—parenchymal ce]]s 1nduced

by 1oss of Hver mass appear to be 1ndependent of ce‘l1u1ar 'Iocat1 on

mesothehum, b'Iood vesse1 waﬂs, bﬂe duct and connectwe i ssue

1s max1ma1 Iate 1n the second day or earJy on the th1rd Connectwe
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'-,:,turnover rates. Among the macromolecu]es

. f

S

5 3 Bd ochem1 caT and mo’lecu]ar b1o1egical cons1derat1ons

.3

, __;As a]ready stated durmg the regenerat1ve process the\‘hver .t-‘~:' e

must s_ynthes1ze many proteins absent in quiescent ceHs and 1ncrease

. .";‘?the rate of synthes1s of: mtrace]]u'lar Pr? s normaHy havmg 1°W

"f;.tncreased demand 1n regeneratmg 11ver are the fo'Homng export
- prote1 ns. and their mRNAs, RNA polymerase and ribosomal protems, ,; L

",'_._lmo1ecu'les 1nvo1ved ‘?n gene act'|vat1on, the pur1ne _and 'pyrm'ldine

be to monitor the t1m1ng of and changes m gene tran5cr1pt1on, rate

' °f pre—mRNA PY‘OCESSMQ, transport of processed mRNA to the cytoplasm, \;"'

trans’lation of the mRNA, and presence of the prote'In at 1ts s1te

of actmn._ Because the last of these 1s the eas1est, '!t has
recef ved the most study., One d1ff1 cu]ty encountered when attemptmg
to correlate 1nformat1on from d1fferen‘t researgh groups about th‘ls

sequence of eVents 1n regenerating rat hver, .’.1 umted over1ap

of obserVat1 on; t1mes or methods.; Thus, 1t 1snot always possible

to determme whether the d1 fferent reported resu'lts are compat'lb]e.

Al
Ce g et

1 5 4 Te‘mp]ate athity

EarLy expenments to determme gene transcr1pt1on or, more A

accurately, DNA temp]ate avaﬂablht_y for transcr'lption USEd one of

B R T .
B o 1

r wh1ch there 1s an ’,I’
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: -j;.‘two methods In v1vo studies were made by maectmg 1abe1ed 1sotope '

"for vary1ng t'lmes pr1or to an1ma1 sacr1 f1ce and measurmg labeled
9 R .
nuc1ear RNA In V'itro studies were performed by observmg the

template act1v1ty of chromat'ln w1th Escherima coh RNA po1ymerase

: A'lthough n61ther of. these methods can distingm sh whether the DNA T \
.:":\:avaﬂab]e for transcmption codes for chromosoma'l RNA rRNA, tRNA, .
‘f;w,':‘,no" H"RNA (and 1ihUS mRNA) they Can both prov1 de 1nformation about .

'_ '._'the timmg of nuc1ear events fo1'low1ng part1a1 hepatectomy. -‘_

(1974) found a: max1mum 1ncrease, of approx1mately 45 per cent at

a 6 to 8 h of Hver r'egeneration. The next greatest '[nc;rease 1n

template activaty, about 60 per cent was observed a% 35 h of .
T IR regeneratwn. . Because transcr1ption of rRNA is much greater than
transcmptwn of mRNA, these observatwns are probab]y 1nd1catdve R
©efethe former activity.t L i o

1 5, 4 1 Hybr1dizat10n stud1 es of transcriptmn 5 Do

. A..;Hybrldlzat'lon exper‘[ments have attempted to eluc1 date the R
type(s) of nuc'lear RNA being synthesized, 1. e. wh1ch genes are .

avaﬂable for transcr1pt1on the comp]exitv of nuclear and

| *cytoplasmc mRNA- and the homo]ogy between RNA populat‘fons from

norma1 ‘and regeneratmg hver. It 15 11ke1y that the H"RNA"

RTINS

mcludmg that codmg for h1stones and rlbosomal protems, fis not"
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; a relatwe]y short nuc]ear 11fe before 1t 1s processed to mRNA and

s

transported to the cytop]asm

o T - — L R I e
B G e LT
L S "'transcr1bed from hlgh1y repet1t1ve port1ons of the genome, a]though R
E YA :1t may . be transcribed from an: 1ntermed1ate repet1 tive portwn of the - ¥

Fausto and co-workers have used hybr:l d1zat10n techmques to A
‘_'ff.}:ilnvest19ate RNA synthes1s foHong part1 a‘l hepatectomy 1n rats
*'Exam1 m”r@ rat Hver 3 and 6 h post part1a‘l hepatectomv. they found

:,‘-'_'1) no. masswe derepression of repet1t1ve genes, 2) no mcreased

repet1t1ve sequence RNA, 1nc1ud1ng some poly(A) RNA from the .

L >f':',:and nonrepetitwe DNA sequences represented 1n po]ysomal mRNA 1s el

unchanged dur‘1 ng- the f'lrst 6" h of regenerat‘ldn (Fausto et a'l 1976,:.

Rt ~.“AT'--.ZGreene and Fausto 1977) These bservat1 cms 1ed them to conc] ude

e, o

r:‘;the proportmn of new mRNA spec1es 1s smal'l 1ess than 10 per cent

g E ji'f_- jf'{_'u-:‘.""".*"l,'ﬁ.,_""of the total poly(A) mRNI\ populat'lon
ce e T tn

Kr1eg and co-workers (1979) have a1so used h_ybr1d1zat10n
"14:5,_ B techn1ques to study the effect of part1a1 hepatectomy on: the content
: R and comp051t10n of po]y(A) HnRNA 1n 3 and 12 h 'regeneratmg rat '

‘|1ver.; L1ke Fausto s group, they found "° derepr'esswn Of
'J'.:repet1t1ve genes for poly(A) RNA ear]y d“"‘"g "ege"e”atw" (3 h)

' 3. and that there may actuaﬂy be an ]ncrease 1n the repressed port1on

g

m‘??“\v TR Y

o ;:_,{po1yadeny1at'ion of nuc],ear RNA‘ 3) apparent 1ncreased transport of' ;

:

B T &

S

J?;”genome l’n add1t10n HnRNA 1s a m1 nor nuc]ear species which has o

1"»' .

”‘;.'nuc1eus to the cytOp‘lasm, and 4) that the proportwn of repet‘lt'lve '

tj.‘“that a]tﬁough 1ncreased amounts of po]y(A) mRNA enter the cytop]asm,, e

' .'-;'.1'.:o.f ~the gendme., In contrast to Fausto s’ group, theg( report a 1oss

. of rare sequences 1n sham operated and 1n part]a‘l]y hepatectom'Ized'”-"'_.-,.

R i
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i . DO
o _."' . %
. o :"an1ma1s HoweVer, agam 'l1ke Fausto and co*workers, they observed o 1:
o "van 1ncrease m the abundance of poly(A) RNA to some repet1t1ve C
; '_ ;j:_'i._"sequenCe DNA 3 h postoperatwe] y, and the presence of about 10 :M
g per cent new po'Iy(A) RNA spec1es m 12 h regeneratmg Hver. : In S
? : A ;these exper1ments Krieg and co-workers (1979) were unable to |
f. T determ1ne whether the observatwns 1nd1cate the transcr1pt1 on of 'l"'
§ h",j';‘prekusly untranscmbed sequences o.r mere1y the add1t1on of po‘Iy(A) '
i h to sequences already be1 ng transcribed -, L '-1
x w Because poly(A) RNA 1s thought to be mRNA, O‘r an mRNA precursor/, )

e e T R TN e

A
" .

L reduct1on 1n the proport‘lon of po1y(A) present 1n total nuc]ear RNA

'Greene and Fausto (_1974) exammed 1ts character'lstics 1n hver

, .-‘fo'l]owmg part1a1 hepatectomy Using 1n v1vo 'IabeHng times of 3
;.6:, and 12 h they found that after 3 and 12 h of regeneratwn the

"‘::'proportlon of po1y(A) 1n nuclear RNA was essent'laﬂy constant at a ,_-

I

':"4'__5-1eve'l s11ght1y 'lower than that m sham operated oanima]s_;. ;ﬁ"'Hybr1d1z1ng

‘ ‘—f;who]e nuc1 ear and cytoplasmic po]y(,A) RNA to redundant sequences at

8 3 6, and 12 h postoperat1ve1y, they observed a shght but cons1stent

: .-",ﬂdurmg the f1rst 12 h. Th1s observatwn is. cons1stent with the
g :‘..s1mu1taneous increase 1n the synthes1s of rRNA HoWever, the |
PrOPortwn of PdTYU\) Pf'ese"t 1" hyb”d’ze‘j RNA from regeneratmg

""f-f'hver cytoplasm 15 2 to 4 tmaes h1gher than that m sham operated

' 'i"~"-_an'1mals, it reached a maximum at 3 [ and dechned to contro1 1evels'_"":"fr5""‘3':""' :
:',hy 12 h (Gree and Faustq 1974)
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s Because most mRNA sequences are probab1y transcr1bed from l

s1ng]e or 1ow mu]tip]imty genes, Fausto s group exam'med po]y(A)

po1ysoma'l mRNA 1n greater deta'll (Fausto et aT 1977, Colbert et a'l
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*1977) Hybmdumg comp]ementary DNA (cDNA) Yo po1y(A) RNA of

hepatectomzed ahd sham operated rats to DNA. the_y found that

: tapprox1mate'|_y 18 per cent of po]ysoma] po]_y(A) mRNA 'ln both normal

; fand regenerat-mg Hver 1s homo]ogous to the mtermed'late repetltwe

‘ portwn of the genome. . Hybr'1d1zat1 on of the cDNA to 1ts homo]ogous

‘ ""'._mRNA showed that the sequence comp1 exwty of p0].V(A) P01¥50ma1 RNA

.‘_‘1s QU'I te simﬂar 1n sham oper&ed and part1a11y hepatectom1zed r‘at

.
g
e
LY

R '.~,"f-11Vers However;: 12 h regeneratmg Hver contams about 20 per cent

o ""and co—workers cross hybr1d1zed "sham cDNA" vnth po]y(A) polysoma'l

L ,mRNA from regeneratmg 11ver and the converse, "hepatectom'lzed cDNA" S

"',,-i*,"operated hver

RN

e ",

1. D" ':

,:.’To exam1 ne gene expresswn dumng Hver regeneration Fausto -

.'._"-j'more poly(A) polysomal mRNA' molecu'l es’ per ceH than 12 h sha" j:-." "314' ‘

T

.......

"._"mth Eo]ysoma] po]y(A) from sham operated 'lwer (Fausto et a1 1977‘, |

‘ Co'lber't et a'l. 1977) They detected that appr0x1mate1

: _1-*:0f the polysoma1 po]y(A) mRNA from norma] ‘hver .15 e1the

".._:";under'-r‘epresented in regenerat1ng 'Hver po]ysornes, whﬂe ab 'ut ll

e 3 ."'per cent of the polysomal po]y(A) mRNA from regeneratmg 'lwer' 1s ::_', N
"not detectab]e 'ln nor-mal hver po'l_ysomes.v BecaUSe the pr'oducts of L

-.~gene transcm ptwn may e1ther be confmed to the nucleus or presant‘»"

«

SR ) j;_m the cytop]asm outs1de of polysomes »the detect'l on of new mRNA

e

A 14 per‘ cent, S e

,.;absent or,] e

seduences 1n po'lysomes of regenerating Hver does nOt necessarﬂy ;'.'.

’ f'.imp'ly that these mRNAs ar} transcmbed fr-om genes actwated by the"“",_-" "

2 :_:.4regenerat1ve process. It shou]d a'lso be recaﬂed that these

RN —exper"lments haVe not ana’tyZEd po'lysoma1 "O"P"W(A) RNA ‘.'-

Tedescm et eﬂ (1978) furthen 1nvest1gated the poss1b1e

I .
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. determi ning the percentage of the nt:an—repetft1 Ve 9‘3"0“"a tra"sc”bed | .
- . and the complexity ‘of nuclear RNA from nor'ma1 and 12 h regeneratmg

. \ A 11verﬁ Cross hybr1d1z1ng nuclear RNA from normal Hver to CDNA from‘w

- \ o'l)'L) polysomaﬂ RNA from nor-ma1 hver, plus the app“°9”ate :z-Z “
SRR o : 'homo]ogous h.Yb)"'l d1zatmns~ ~—the.Y found that the percentage of the | IESETERNL

jnonrepet'l tive DNA, transcmbed 1nto nuc]ear‘ RNA is; m'm nor:ma'l‘“—‘ T

', :-: and ].2 h regener-atmg 11ver. Th1s observatmn ,sup or‘ts the1r ear‘l ler
g 3 'conc1us1 on that extensrve genomc der-epression does not occur dum ng _ .
el i 1ver hypertrophy foﬂom ng, part1a1 hepatectom_y (Fausto et al 1976

iﬁreehe and Fausto 1977) However, quaHtatlve d1fferences between

';'-,':".'the two populat'l ons may rema'ln undetected, as def1h1t1ve conclusions B
e - “.‘would r'equire methods capab]e of detectmg subtle changes : Th'e"'A',‘ 2

: previous1y obser'ved d1fferencias 1n po‘ly(A) po1ysoma'l mPNA nopulat‘i ons

,, "l - 'Al"' ( C(ﬂbert et a] 1977 Fausto et a]‘ 1977) may be exp'!amed by a

K | d1 fferentwl DNA tr&nscmptmn or by post transcmpt‘lonal events =

SUCh as Se180t1v1ty at the nuc1eocytop1asm1c transport 1eve1 .

: Usi"g the same approach G1328Y‘ (1977} 1nvest1gated the 1n vivo VO o T

; 1abe11ng of rat 11ver po1ysoma1 poly(A) RNA. He 1nJected ._ L
' - " I5- 3H]-Olr‘otic ac1d 90 mm pr1or to k1'l11ng the amma]s 2 6- 12, or RN h“.

20 h after sham or part-l a] hepatestomy operat'i ons. . He observed that

o? °

. :" aT though the spec1f1c acti’ﬂty of po'lysoma'l poly(A) RNA was

S

';:':; by 30 per cent‘ at 6 h by 12 h it was no 1onger e1evated /These j"

findings agree mth h1s prevmus observatwn of ma,mmal po1y(A) RNA

_ h TR synthes‘is 2 h post operatwe]y (Glazer 1976) L1ke mosfﬁrr vivo ' R
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: and transport of the i su1t1ng mRNA to the cytoz”lasm are essentw.l

‘prehmmary stages fo the increase‘ ‘f

'synthes1s of po]y(,l\)
’ 'and Fausto 1974 G'Iater 1977) There is a1s inc ased transport

L Fausto 1977 Kr1eg

g 'spec1es is! 'I1m1te

‘, :he 1abeHng per1od or 'later on. C

Because 1nc;reased]DNA temp’late ava11ab111ty transcrlption. S

' ,esis fprotems, e

-Jnclud‘lng the synthes s of new prote1ns observed"ln regeneratmg
. rat hver these even s shuuld be ohserved ear ly foHowmg part1a1

- "'epateetonww_ﬂep te experlmentiﬂ observatlehs suggest that .
RNA is max1ma'| 2 to 3 h L]»osxtoperatwely (Greene

""'..of nuclear po]y(A) NA  to the cytoplasm dur1 g the f] rst 12'h of

Ry

"]1ver regeneratmn [Greene and Eausto 1974, Fausto et al 1976, s
| .

1
,;_Co1bert et a1 1977 Fausto et a} 1977 Gl/azer 1977 Greene and

et a'l 1979) but trans ri ptwn of ‘new mRNA

-

Fausto 1977 Tedesch1 et al 1978 Kr1 eg. et\_ 1979) \7« N

—

I
1 5 4 2' HnRNA, RNA, andJ)oLysomes

at th1s t1me (Fausto et a] 1976' Greene and : / .

To study.the reIatwe rates of HnRNA synthes . in sham operated,-’-;' .

' and part1a1'|y hebatectom1 zed rats,/Gr‘razer (1})74) 1n3ected
“15 3H]orot1c acm,lS mto sacnﬁce of‘ the ammals 2 6 12 -.'-:“ "
" 3"-'_ or 20 h postoperatwely. A Iso1 atmg the parenchymal from the A
L :-,:nonparenchymal nuc1e1, he found that the spec1 f1c rad1oact1 v1ty of

p ._’:HnRNA from ‘bot types of nuc1e1 had a] ready 1ncreased s1gn1 f']c’ant]y

' fby 2 h and m x1mum 1ncorporat10n occurred at 6 h 1n parenchyn\a]
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nuclei and at 20 h in,nonparenchymal nuclei. Unfortunately, Glazer.
does not present 0 h data, making it tmpossible to determine whether

the sham operated 2 h va]ues are gredter than preoperat1ve va]ues

e e o e i ia Jor Ve O VR
. .
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Glazer (1976) examined ‘the character1st1cs of the HnRNA by

-‘t1me appears probable. . _'f?#:”"fu';f'ﬁ,an-‘;a-x} '

;:% L‘injecting [5-3H]orot1c ac1d on1y 5 min before k1111ng the an1mals
:T%~» | and measur1ng the synthes1s of po]y(A) and; nonpo1y(A) HnRNA .He.‘-
;?éfl 'found that maximum 1ncorporat1on 1nto poly(A) HnRNA Qccurs at 2 h
?%%; z'%i.vi"' ,follow1ng partial. hepatectomy, whereas nEX1ma1 Jncorporat1on 1nto
=f£r;. ’ ..;. .',f;litpnonpoly(A) HnRNA does not take place unt11 12 h‘postoperat1ve1y
:;%it&f},ﬁgii 5'. ;;jL'Taken 1n conJuhct1on wlth Greene an:zFausto s (1974) observation ’7j;.if :
uﬁggff' ' _ L y that the prdport1on of po1y(A) nuclear RNA rema1ns unchanged ear]y .
'fjgﬁ , | - :"duying 11ver regenerat1on a net synthes1s of po1y(A) HnRNA at th1s u

a Sma1'ke and P1atonov (1977a) have exam1ned rat 11ver

eh .polyr1bosomes (poTysomes) -at d1fferent t1mes fo]1ow1ng part1a1

~hepatectomy After 1nJect1ng II4C]orot1c ac1d|1 h pr1or to death
3 6 12 or24 h posﬁoperat1ve1y,‘they report that precursor

1ncorporat10n 1nt6 polysomes (rRNA p1us mRNAh»1ncreased sharply e

fbetween 3 and 6 h'and 1ncreased 511ght1y to a maxlmum at 12 h of
"r11ver regenerat1on., Us1ng 11nean loﬁto 40 per cent sucrose B

. igradients, Smal‘ko and Pﬂhtonov (1977a) examlned changes in the |
'ij-paﬂysome sed1mentation prof1les over t1ne #o1loW1ng part1a1 :'.'“

_\.hepatectonw They noted that the*propdrtlon of monosomes decreases

' f_and the proport1on«of "heavy“ po]ysomes (greater than tr1mers)

o

';:;uncreases during regenerat1on, part1cu1ar1y at, 6 and 12 h

Because, presumab]y. mRNAs be]ng actfvely trans]ated are “not
: " . e A'Irl,i R
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nece35arily associated with'a maXimum number of’ribosomes .changes
in polysome prof11es need not be 1nd1cat1ve of changes 1n mRNA size.
Therefore, Sma] ko and P]atonov (1977h) attempted—te anaTyze the*ﬂ
newly syntheswzed mRNA present’ InEEolysomes and present 1n the .
. .~;;”1 -cytop?asm outs1de of po{ysomes They 1n3ected [2- C]orot1c acid
. 1 h pr1or ‘to sacr1f1ce 1nto rats 3, 6 12 15, 18 21 or.24 h '
~f0110w1ng part1a1 hepatectomy or a sham operatlon Po]ysoma1 and
:: cytoplasmic RNAs were ana]yzed on 5 to 20 per cent sucrose grad1ents. B

- .xi "f‘;There was no s1gn1f1cant change 1n the d1str1but1on of polysoma]

P’proport1on of 6 to 155 RNA (mRNAs) bear1ng or 1ack1ng po]y(A)
. sequences was noted at 6 and 21 h- of 11ver regeneratIOn In both
‘po1ysoma1 and cytoplasm1c RNA‘pbpu1at1ons, at 21 h there 1s _
approx1mate1y ‘half-as -much po1y(A) 6 to 155 RNA per tota1 RNA as
at6h " 7 f ‘
. The 1nformat1on coded for by mRNAs enter1ng the cytop]asm at
‘16 and 21,h may. . code for d1fferent prote1ns.; E]ectrophoresis of the o
.. 6 and 21 h cytop]asmlc RNAs 1n 6 per cent polyacny]am1de gels showed ;-i:7~'a- '
fa. . ;';* -'that both preparat1ons have substant1a1 amounts of 5 to. GS RNA, 6 h o
- RNA has a low proport1on of 7 to 9s. RNA aqd a’h1gh proport1on of .
--_ # ;10 to 125 RNA, and 21 h RNA has a. hlgh proport1on of 7 to 95 RNA and; _
S va 1ow proportlon.of 10 to 125 RNA (Smal'ko and P]atonov 1977b) '3'319
:: Calculat]ons by Smal‘ko and P]atonov (1977b) suggest that :he
::5 to 63 RNA may code for reguTatory prote1ns the 7 to 93 for f:ﬁ;;

‘h1stones,‘and the 10 to 125 fbr rlbosomal protelns. These -

observat1ons led them to conc]ude that fo]]ow1ng part1a1 hepatectomy,‘.,f .
w . \ B : N B . . ‘-
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. numher of nuclear poly(A) RNA moiecuies per mg. DNA in partiaiiy S

;? ‘there are two maxima for informational RNAs to enter the cytopiasm.‘~
%- At the first maximum, occurring 6 h. postoperativeiy, there is more o
gﬁ poiy(A) RNA and this RNA is of an appropriate s1ze, 10 to 125 and .
_%: . is present at a reasonabie time to code for ribosomai proteins. At.

: the second maximum after 21 h of regeneration, the 1nformationa1

RNA contains more nonpoly(A) RNA and is of an’ appropriate size, 7 to .
95 and 1s Preseﬁt at a reasonable time to code for histones. :ff.f';'

3ﬁ,}g Atryzek and Fausto (1979) have 1nvest1gated po]y(A) nuciear, ff,"ﬁ‘ '

poiysoma], and cytop]asmic RNA transcripts 6 12 24 and 48 h.

LR

foilow1ng partial hepatectomy.” COntrary to Smal'ko and Piatonov s f”ﬂ}’ﬁf‘: o

findings (1977b) but 1n agreement wnth their own prev1ous

‘_ observation (Coibert et a1 1977), they detected no. changes 1n the i'f:‘
.-: Size distribution of any of the poly(A) RNA classes during liver
'.:' rEgeneration. However, in accordance with the theory that HnRNA _;i" :
is processed to mRNA, they report that nuciear poiy(A) RNA moiecuies}
tended to be 1arger than their cytopiasmic counterparts._,In',?j"‘*
agreement w1th Smai'ko and Piatonov (1977a) they noted an 1ncrease‘j; u

1n 1args greater than octomers) poiysomes as eariy as 3 h foilowing;' o

part1a1 hepatectomy The number of cytopiasmic and poiysomai

..‘.

12 h and remained eievated until 24 h postoperativeiy This timing :'!5“~f<"*f'"

1s iater than that reported by Smai'ko and P]atonov (1977a)

Atryzek and Fausto (1979) also reported an 1ncrease in the u"'

— "i ratio of polysomai poly(A) RNA to cytopiasmic poiy(A) at 12 h of

- e N
o

11Ver regeneration In contrast 1itt]e difference was noted 1n tQF
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i A hepatectomiZed'and sham operated anima1s._ L1ke Smal'ko and P]atonov
. f—"‘ .

(1977b) and the nybr1dizat1on researchers they suggest that the
1ncrease in mRNA dur1ng 11ver regenerat1on is.a resu]t of an

1ncreased eff1ciency of HnRNA transcr1ption and convers1on to

cytop1asm1c poly(A) RNA The t1m1ng of po]y(A) RNA synthesis :

£y L reported by G]azer (1974 1976), Sma]‘ko and P]atonov (1977a 1977b),u"],tf;;1fj§

";and Atryzek and Fausto (1979) 1s a]so 1n good agreement w1th the

”f:fj;observations of the hybr1d1zat1on stud1es .When ana1y21ng th1s

ey

3~€-fx1nformat1on, 1t shou]d be kept 1n m1nd that there 1s a1so a

'tlé?upopu1at1on of nonpo1y(A) HnRNA and mRNA

1 5 5 R1bosoma1 prote}ns

iiéfﬁdi‘i.if};f;‘f}']thzgiaﬂ . 1 5 5 1 Rlbosome descr1pt1on e .
\ .l: o ‘i Knowledge pf the pattern of r1bosome b1ogenes1s maﬁ ]ead to a -
'$%~ .“" deeper understand1ng of the' moIecu]ar mechan1sm(s) used by the ce11
"'i?sgi“:‘for regu1at1ng protein synthes1s.‘ Cé]ls are capab]e of adapting to
| ’a varlety of environmentaT demands and cond1t10ns each ofwhich’.
':f'reqUTres a spec1f1c var1ety of Prote1ns 1n re]at1ve1y exact“amounts..:i:if} L

| ”thhusb at dlfferent tlmes dur1ng a ce]]'s 11fel 1t requ1res or can
.éi?'{support d1fferent numbers of r1bosomes. R1bosomes are the sma]]est
:icellular organelles requ1r1ng a spec1f1c assemb]y of macromolecu1es

"and are v1ta1 constituents of a11 11V1ng ce1Ts. Because r1b050mes,

‘1:3w1th the a1d of tRNAs, am1no ac1ds, 1n1t1at1on factors, e]ongat1on

’}'factors, and term1nat1on factors transIate 1nfbrmat1on from mRNA R

into prote1n they play a centra] ro]e 1n gene expression
It 1s accepted that the growth rate of mamma]ian (and other)

o 2:cells 1s proportiona] to the rate of r1bosomevproduct1on. The rate .,.f
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.,: of ribosome~biogenesis is observed to increase during a celi' n:
tran51tion from a resting to a growwng state. prior to the : _ e
commencement of DNA synthesis. a]though the mechanism(s) by which tf'f,?{gﬁggij
the rate of mammaiian ribosome biogenesis 1s moduiated under aﬁzjﬁ.fj'th:f;;s;nw‘
different growth c0nd1tnons has not yet been eiucidated It shouid ‘ ;xf:ﬁ['

be recaiied that ribosomes determine the ce]] 'S protein content

',**nizitijj‘:}f%‘ on]y 1nd1rectiy, they transiate the supplied mRNA but do not

‘ de;etmihé;which;9t$h9w?mﬁ¢hmeNAfiSLﬁﬁﬁbiiédg*f'fasi"‘"

.“_.

'fﬂBecause nibosomai proteins, as | ribosome components, p]ay a

T;prominent ro]e 1n the synthesis of all proteins, thein own

:3biosyhthe51s 1s an 1ntegra1 part of cei] growth (warner and

Gorenstein 1977) Since, in grow1ng cei]s, ribosomai proteins can {.l?”[jaf_éﬁﬁ]%

comprise up to 5 per cent of tota1 ce11u1ar’protein (Maden 1971) .lfejgtu:{:

. ,i- &f-é.in:. - the. mechanism(s) and reguiation of: r1bo$oma1 protein synthesis are" E,T::{iiifj
0 ”ﬂﬂai{fffs-amoimmrmnt ’;{f}:ﬂ;;7gi;£;;;gtj;;p;»£jEfgldﬁfeffn
;;, g " “fijg}i:i; Each ribosome 1s formed from two r1bonuc1e0proteiw (RNP) | S JEEES
R ~

g}?é'.ﬁ, assoc1ate rever51b1y during protein synthes1s._ Each ribosomai'

;{gi.l B i Suhparticle contains‘an*RNA core whidh 1nteracts w1th a variety of
'if*%;f ‘: ':i L d15t1"¢t proteins, each Of Which demonstrates act1v1ty oniy when

};%:;: 1:¥=;f‘ N Present 1n the assembied ribosomal subparticie oY who]e ribosone.";5°"
T o & ribosomes (HadJioiov and

”:f "-f. . The aVerage hepatocyte has 7 6 X, 10

Nickolaev 1976) 'w[- *1735;;g;k,;: f,;vadjfg;;t T

Ribosome biogenesis involves the synthesis of the ribosome

-
"

g “?‘?f components, rRNA and ribosomai proteins, and their interaction and

( .

ﬁﬁ assembiy 1nto functionai RNP particies.” The rat 11ver
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"-V,f,’prote1ns "The 4OS ribosoma] subparticle mass about 1 5 X. 10

“Jr,ffda1tons, cons1sts of one strand of 185 rRNA, mass about 0 7 x 106

A : "ffpresent after a h1gh salt wash or as*those prote1ns requ1red for

Y

| '(andnon11ver) r1bosome 1s about 50 per cent-RNA and 50 per cent

prote1n by we1ght It has a sed1mentation coeff1cient of 803, and

'”f_cons1sts of one strand of 288 rRNA, mass about 1 7 X- 106 daltons,

6

i.ff'da1tons, and one each of 31 d1fferent prote1ns (Cox 1977) Because "

:\;'}f§r1bosoma1 proteins are def1ned operat1ona11y as those prote1ns

‘*‘;,;ribosome funct1on, it is not p0551b1e to enumerate them exact]y

B

. As a c1ass, the approximate]y 70 d1fferent r1bosoma1 protelns

,:i:tend to be qu1te basic and general]y sma11er than other ce11u1ar

'”: ;:fprote1ns The 1nd1V1dua1 rat 11ver r1bosoma1 proteins have mo]ecu1ar

‘,415 known about the transcription of r1bosomal prote1n qenes and

Qt~the1r process1ng and trans]at1on (Isurugi et a1 1972 Hadj1o1ov and
4i3N1kolaev 1976) Th1s lack 1s due pr1mar11y to the numbers of
:.xproteins 1nv01ved and the1r 1ack of eas11y rdent1f1ab1e act1v1ties

: 2?E51n the1r unassemb1ed form. It is unknown whether a po1yctstron1c
‘1"£RNA 1s processed to form monbc1stron1c r1bosoma1 protein mRNAs, ;

:¥fﬁ~however, reported observations agree w1th the hxpothesis that eachfi ff:

”1=?fn3 thher eukaryote prote1n, 1nc1ud1n§ r1bosoma1 prote1ns, fs
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) .}} 1ts subpartic]es have sedimentat1on coeff1c1ents of 605 and- 405 ‘3?'?=f;» N
S The 605 r1bosoma1 5ubpart1c1e, mass about 2 8 X 106 da]tons, ﬂ :u}jf“ o

‘ ;“iiﬁfone strand of SS rRNA, one strand of 5 83 rRNA about 150 nuc]eot1des,;f L

[F
A

.'?f~_:jassoc1ated by hYdrogen bonding: and one each of 39 or 40 different ];7?;}}.;L;;*

:"Vfwe1ghts rang1ng from 8 000 0 40 000 (Cox 1977) Re]ative]y l1ttle [‘?"'tféé‘-ii‘

E _fﬂ#trans1ated from a monoc1stron1c mRNA. Ev1dence to date 1nd1cates : '“C'”f o
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"”fft‘;”nuc1eolus (warner 1974) where w1th 55 rRNA and pre—rRNA, they form
uriidéRNP complexes (Perry 1976) i"i f.~%§ {f:§j¢'{u T :

->f ytop]asm,, ) 55 rRNA

7:hwith the pr1mary pre—rRNAs as the 1atter are be1ng transcrqbed

PN

3env1ronmenta1 cond1t1ons requ1r1ng varylng 1ntens1t1es of proteln

TERTIhE

- ff{”:that the mRNAs for r1bosoma1 prote1ns, 11ke al] other rePOVted }
.V,“itproteins,_are translated in the ce]l's cytop]asm (09ata Et a] 1967
"I:id:iTsurug1 et al. 19725 Ogata Et al 1974) I" a variety Of exper1ments
:,E;Nabesh1ma (1975) and others found tha:tr s, expected fOT a "°"eXP°rtEd L
- -protein, the mRNAs for r1bosomal protems are trans1ated by free ang | o
L‘i511oose1y bound po]ysomes, e5pec1a11y the f°rme”’ rather than by ‘"“
;ﬂ;7ﬁﬁught1y beund. po1ysomes (Tsurugi eball. 1972; Ogata et al.”1974; S
llig;warner 1974 Nabesh1nm et a] 1975) After frahslat1on the R

-

L 7::r1bosoma1 proteins are re1at1ve1y rapid]y transported to the ]

Assemb]y of ribosoma] subpart1c1es probab]y fo11pws the t1me

"H;sequence 1) mRNAs for r1bosoma1 prote1ns are trans]ated 1n the

%nd the maJority of the r1bosoma1 prote1ns

‘ffiare transported to the nuc]eolus where, 3) they become associated

' dﬁii(Maden 1971 warner 1974 HadJ1olov and N1ko]aev 1976 Tsurug1 %“r v
'wa?et al 1972 H1gash1nakagawa-and M1ramatsu 1974), subJect to Lf ‘
| 1nh1b1t1on by a1ready present nuc1eotar prenrRNA, 4) the 605 and 4OS}§?”$.
X :i;r1bosoma1 subpart1c1e precursors are formed—by spec1f1c endonuc]ease::ffif;i"
:i“ ic]eavages, and 5) are transported to the cytop]asm where flha] jf“ "
‘f.f;:assemb1age occurs The rate at wh1ch a sing]e r1bosome 1s formed
Vi:”xi?SJIS 1dent1ca1 1n rest1ng and regenerat1ng 11ver (Chaudhur1 and

3 ‘;fL1eberman 1968b; Maden 1874): 'f;;.fg,‘ﬁrﬁ,;:;";~;13;¢;.ﬁif}%%fﬂ;75*5‘"‘“"

Because the ce11 must be capable of respond1ng to a var1ety of
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) S product1on rlbosome production a necess1ty for prote1n synthesis,~,
’ %A‘;must be’ regulated so that the supp]y of r1bosomes matches the demand;“““&""

E_]Coordinated contro1 of r1bosoma1 prote1n synthesis in rat 11ver has
y yet to be reported However, Gorenste1n and warner (1976 Warner i}-“"m :':F

'-ﬁif;and Gorenste1n 1977) have reported coord1nate regu1at10n of r1bosoma1:ﬁ:§uﬁ?¢,

:f;igiiprote1n synthes1s at the transcr1ptionaT 1eve1 1n the yeast

',fi;;:Saccharomyces cerev1§1ae

1 5 5 2 mRNA for ribosoma1 prote1ns

As part of an ongo1ng project 1n Ogata s 1aboratory, Nabeshlma

fﬁset‘al (1979) 1nvest1gated whether 1nd1vidua1 r1bosoma1 proteins ca'
“J.;3be synthes12ed by a wheat germ 1n‘V1tro tr nsTation system uswng )
"“.t{;n{[ HJleucwne and poly(A) mRNA as substrate. They found that poly(A)
'vl;#?mRNA 1nc1udes mRNA for the bulk of r1bosoma1 protelns and is .
"j?.translated w1th flde11ty 1n the wheat germ cell free system..hln;rﬁi,t7;f:

X ﬁ‘add1t1on, the trans]ated ribosoma] prote1ns were present 1n ,‘:

“C*ﬁjéapprox1mate1y equ1mo1ar amounts Conf1rmat1on of all r1bosomal h:{.f;;ffﬁf§;':T' e
o 'fprotewns was 11m1ted by pur1f1cat10n procedures wh1ch tended to ' ‘

R f“ifliff;{"“‘exclude some of the 1ess bas1c r1bosomal protelns.

Lk Nabesh1ma and co—worEers L1979) a]so examined whether the
E Ji‘poly(A) mRNA cod1ng for r1bosoma1 prote1ns is polyc1stron1c They

7:7}f1rst 100ked for a’ corre]ation between the 51ze of 11ver polysom" i':fiﬂ,f }t;:.f -
.‘”‘:illfand the mo1ecular weights of r1?osoma1 prote1ns coded for by the ,)‘}}l{;ayaf;jzg; -

;'rjj5;po]ysomes Pr1or to trans]ation w1th free polysomes 18 h:

1 F””i;regenerating liver postm1tochondr1a1 supernatant and [SH]1euc1nE, ‘5riai

N ‘Eiaﬂifree polysomes were fract1onated 1nto 3 c1asses. those conta1n1ng

u“1*4 or fewer ribosones those w1th 5 to 14 r1bosomes. and those w1th 15_i B
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,“f" .f ’ \ ' or mone rjbosomes. R1bosomal proteins w1 th'molecular wei ghts of
:.'; & 4 ,,? e : 20 OQO or less were synthesued by the' f'lrs.t two fract'lons, ;"," :
. ;Jf'._. ﬁ 2 ribosomal protems with mo]ecular weights of 21 000 to 40 000 were
£ $ .. synthesi:ed by the second fraction and two hlgh molecular weight )
‘ r1bosomal prote1ns (Ll 60 000 and L2 54 000) were synthesiZed by ‘
§ I 2 ‘.“the last two fractions.,_. Assuming that the d1stance between c -
,r & ’ i nbosomes of mamnalian .polysonies/m approx1mately‘30- aminm ac1d «*ﬁ;«,
g ; : - residues'-(go nucleotides) and that the average molecular .we1ght of g F
kN .'_~' 1nd1v1dual rat liver " 1,bosomal protei’ns are syntheslzed by polysomes,
o EL : '-:_,the 91 ze of wh'lch ‘fdepends on the molecular we1ght of the' prote'ln. ”
el :
i ' L i £ relat1Ve to the size of the trans_lated protein, Nabeshlma et a'l
., s (1979) 1solated the poly(A) mRNA From the pol_ysomes and used o
’ . ‘ centrl fugat1on through a sucrose grad1ent to fract'lonate 1t 1nto .
If 7 s1ze classes. These mRNAs were then translated Using the wheat
ey , germ cellufree system.” lihe extent of synthesis of each r'lbosomal : "-"":
' protein by each of the 7 mRNA size classes was exam1ned Th f.:._ ,
V_ .‘ "~3‘amount of ‘stimulatf’on by each of the 7 'Fractlons was sim‘llar, except " ‘
"‘-., for the heaviest fract'lon wh'lth Was. somewhat loma' Almost alls i Lo

f_'_. r1bosomal proteins were synthes1zed from mRNA smaller than 17S

Again, the results 1nd1cate that almost all, 1f not all rat llver

,..‘- .....

of the cor‘r'espondlng prote1ns. Sjm1larr results have been reported

pares




EL )

v e

R S = = s . e - N LJ1oes
e b s . N T .
&L B e " 5 , SR NS
' S S o B TR w' =
=z Tdrmnep s oo . h L - s A SO
e y o BRI 1 R
3 . . - B .
B W tes - ™, .
El rr e - . Tea . ._' - g - "' s 7 .
e 3 ’ -t ] S B %5 T e
» o , SR o . b e
; . A JOIR

T RN .
R L 2
Sl

proterns encoded by po]y(A) mRNA (Hackett et aTC-1978L. These

e e

,' observat1ons are An. agreement with Sma]'ko and P1atonov s (1977b)

conc]us1ons of the s1ze of the mRNAs cod1ng for ribosoma? proteins.,pvi - b

KL - = PR “1' W

,na.

hepatectbm ;

“

70 1e§s we]] character1zed prote1ns._ In addit1on, rRNA and rRNA ;

s 9

precursors are.more abundant than mRNA and mRNA precursors even_ln

L]
ot g
.se

‘The synthesis of preribosomal 455 RNA may a]so be a~.

the nuc}eusl

o"l'.

measure of the.ava11abi11ty of‘protectTVe r1bosomal proteins.. f

r1hosomal prote1ns 1n the nucleus,‘synthes1s of rlbosamal prote1ns Lf"

2

,.'r

1n the qytop]asm, transport of the proteins to the nucleo]us for ‘.j’; e

ribosome assembly, and transport.of the ribosomal subparticles to

the cytap1asm, the't1ming of the appearance of 1ncorporated

radioactive ent1t1es 1nto assembled cytonlasm1c ribosomes may not

1 5 5 3 Synthes1s of r1bosoma1 prote1ns follow1ng'part1a1
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e e R 1ncreased rate of synthesu of one or more proteins. Because

l } C.YCTOhexmide biocked a'I1 protein synthe51s, but 1owered ribosome \
ce PY‘OdUCHOﬂ by only 65" pEr cent they al so conc]uded (probab]y R
t ’-i'_"‘-'_"{ ‘ 1ncorrect1 y) that there 1s a 1arge pool of part1cu1ate ribosomai
: —protein in. the hver'.“ Lol ;' ERR: s 4‘ : :
‘ : o Tsurugi and co-workers (1972) thected [3H]'leuc1ne 1nto contro‘l
| - rats and partia'lly hepatectomized anima'ls 6 12 18 or 48 h '
postpperati ve‘ly The'a'nbiinals were sacriﬁced 1 h 1ater. 8 Maxima]
incorporation into 1iver r1bosoma1 proteins Was observed 1n the
. animals 1njected at 12 h of Hver regeneration when it was ten
| ; _. :; times that of contro1 va]ues. The increase in 1abeling was not |
-: duegto* a change 1n the 51ze oi’ the 1euc1ne poo] of the regenerating
11ver- - T ' [T e LT
] ) Ihformation concermng synthesis of 1nd1v1dua1 rlbosomal
: proteins fol]om ng partia] hepatectomy is far from def'inii:ive RS
_' _{ A 'Schembuks et a'l 1n ) 1974 report 1nd1cated that at 'least four ,-::‘" ’
§ \'r\ . r1bosoma1 proteins appear to ‘have altered synthesis rates 1n 1 d
r .'; :'f r‘egenerating rat hver'r‘il‘;" "1ative to 1 d sham operated rat Hver. . .
L o . Usmg the nomenciature of Sherton and wool (1972) they report that_:';:}',, B

| proteﬂ 56 and L5 appear to be synthesued 50 per' cent more s1ow1.Y':\'l_'""§ e
. - -[n» 1 d regenerating rat 11ver than in shain operated rat 1iveh and IO
el e that proteins L18 and L27 appear to be synthe51zed 67 per cent nlorej",._f-._~.'.if R

s'Iow'ly. - However, they mention that the SG data may not ref'lect its'l_',:;;'.-;"":" '
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phosphoryl ati on—dependent migration pattern and the L18 and L27'
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’”data were var1ab1e -”:"gftf?f

-A Look1ng 0 5 12 18 28 and 96 h foTTow1ng part]a]
hepatectomy 1n rats WU and co-workers (1977) reported that po]y(A)
,mRNA for the r1bosoma1 prote1ns they term Sl through 56 as measured
,§1n a wheat genn 1n v1tro translat1on system, beg1ns to 1ncrease
::1mmedhate1y The quant1ty of th1s mRNA reaches a max1mum, 3 to 4
‘}t1mes the TeveT of the controT 18 h postoperat1ve1y. SR

These d1verse reports of r1bosoma1 prot”Tn synthes1s fol]ow1ng

'*..ffpart1a1 hepatectomy 1n rats are not eas11y 1nterpreted The f1nd1ngs

‘.;:ffof Tsurug1 et : ig(1972) appear to be 1n good agreement w1th the

1'reported observat1ons of the postoperatTve.syntheSTS of rat 11Ver }_3

:":irRNA Unfortunate]y, these latter reports are aTso def1cuTt to 5@;5,;;tw.

: fi1nterpret because the t1m1ng of many of the observat1ons has not fftgif}”j:7'*
"“ifi,resu1ted 1n we11 def1ned peaks of synthes1s.: NucleoTar RNA .:‘w
s o ~3{synthes1s appears to reach a max1mum between 10 and 18 h fo110w1ngltbﬂhf}9‘diif::'
'i‘if.;jfif';:{f“iisﬂlﬁﬁrgery (Tsukada and L1eberman 1964 Muramatsu and Buscb 1965), _i
FER ::’however there appear to be no reports of nucleo]ar'RNA'syntheSTS

fbetween 10 and 18 h of 11ver regeneration. The former observation§<;: % 'f
'lfi:}1s 1n genera] agreement w1th reports that synthes1s of rRNA. as

"“?5measured by the presence of 18S and/or 285 rRNA Tﬂ Cyt0P135m1°

o ?"r1bosomes appears to be max1mum at about 12 h foTlowing part1a1 .

ﬁ?f;*fhepatectomy (Chaudhuri et aT {1967 FaUSto and Van Lancker 1968

: "};KfiTsurugl et aT 1972) The 1ncrease 1n r1bosome synthes1s, as

_fhmon1tored by the 1ncorporat1on of raddoact1ve nuc1eot1des 1nto rRNA,

5B S0 et T B dmre e e oe

:‘*fi ;may not be an accurate refTection of the t1ming of r1bosoma1 prote1n faﬁ:{p';ifl?’

‘-“ﬁ'synthes1s
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T ,u{l;L;5'6-ﬁTstones‘\j . '

T;fhstages of spermatogenes1s" (De Lange and Sm1th 1979) Most t1SSUES
w;?;?fhave 5 maJor d1fferent types of hlstones.: In llver these histonesfi'
'_tf:;are. hlstone 1 or Hl. h1stone 2A or H2A, hlstone ZB or HZB////"

"fﬁ h1st0ne 3 or H3 and‘h1stone 4 or H4 Histonesdhaveeheen c1assafaed AR

| h”;ljas arg1n1ne rich or 1ys1ne r1ch on the bas1s of?the maJor basic

: ’&; ut{11zed 1n some 1so1at10n techn1ques.
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© 1.5, 6 1 Histones descr1ptlon . }lfﬁ.fi}lgi SR

\\_,..‘ ‘. et ,q..

.....

'L*'-f11ver prote1ns, they conta1n an average of 25 per cent«ba51c am1no

,“};ac1ds. Histones have been/def1ned as "basic prote1ns that at some

o o 2T

'ﬁt1me are assoc1ated w1th DNA in somat1c ce]ls and ce]ls 1n the earTy

h:lam1no ac1ds present. The resultwng mo1ecu1ar propert1es have been 1777'1775

Histone 1 the largest histone (M about 22 000), 1s veny

‘t_tf 1ysine r1ch w1th 28 7 per cent 1ys1ne and 1 7 per cent apg]n1ne ;;hiv;}ijy S
,i ;T_(Hn111ca 1972)L H1stone 1 shows the greatest var1at1on ln oE L
TF} compos1t1on fnhm spec1es to species Even w1th1n a spec1f1c t1SSUe,¢?E |
T hlstone 1 tends to have several subfract1ons wh1ch d]ffer 1n Bmlpo :%%fsfﬁli,'i

_ e ac1d sequence at certain pos1t10ns and somet1mes 1n the

,'.':Fi{ 0—phosphoser1ne content these d1fferences can be d1st1ngu1shed
?,*f{.1nmuno1ogical1y (De Lange and Sm1th 1979) H1stone 28 (M about
”,;“ 13 800) has heen termed modenately 1ys1ne r1ch or 1ys1ne-ser1ne rich,;ft'fftf{_ii?

o }i 1t has 16 va per cent lysine, 6 4 per cent.argln1ne and 10 9 per cent"&lf“;%jb‘h“u

,¥L ser1ne (Hn111ca 1972) H1stone 28 (Mr about 1“ 000) tias. been ..}s_?;j4:;;<“,:‘
c1asslf1ed as s]ight]y 1ys1ne r1ch arg1n1ne—1yslne r1ch, or

| t‘QQQ 1ntenned1ate, 1t has 12 5 per cent 1ys1ne and 9 3 per cent argin1ne defﬁnlid:;ﬂf

N .. i . A
" : 0.
“.f EEIEE A e ~:.
AT . R
R . L ad
. P RO
. L4 R 128
. e . o
fa - v , -

H15t°"es compr1se the Se°°"d major group of basic 1ntrace11u]ar A




(Hnilica 1972)

KS 4 ,s e

been termed arginine rich or. glycine-arginine rich. 1t has.9 8

R

Lo I:‘.

““_ conservation of sequence throughout evolution (De Lange and Smith

' 1979) Histone 3 (M about 15 300) has been c]assified as’ arg1nine

.;3"rich or aianine—arginine rich, 1thhas 10 0 per ceq} 1ysine, 13 6

N '.,,per cent arginine, and 13, 5 per cent a1an1ne. Histone 3 is the

b ::;'1on1y bistone containing cystine (Hnilica 1972) and has the second

greatest éonservation of Seguence (De Lange and Smith 1979) ,?"Z'
Histones probably Eantain the highest proportion of acetyiated '

.

phosphonyiated or methyiated amino acids of any pYOtEIHS. _”;,z{

Pl S

these amino ac1d modifications occur:, in a f‘guiar manner during the

P e
o . . 1 v
.o A o tey . s’

g ce11 cyélt“
f: ‘f‘?ifif ';' ‘ or associated with DNA”aTiowangeoss‘isaiiowing its replication or
ot N “ / o

'3cytob1asm1c site of synthesis 1nto the nucieus (De Lange and Smith/::g
1979) Because it has been demonstrated that not a11 the mo]ecufes

‘ ﬂ"-'.of a specific histone fraction are compieteiy modified at even one
niﬁu”f‘;z:i site. 1t is 1ike1y that modifications of histone amino,acids have“:ziJ
: a functionai roiegs) (De Lange‘and Smith 1979) Histones are ol

f usuaiiy synthesized during the S phase of the celi cycie (De Lahge g

per cent Tysine..ls 9 per cent arginine.and 15 9 per- cent gTycine :ﬂyif

Histgne 4 (M ahout 11 300) is the smailest histone and has Li,a3

(Hniiica 1972) In addition, histone 4 shows the greatest li :f' f:g'f <

‘"?f-'%i" ?f:'i; thioiation is aiso present These amino acdd modificationS'resuit i{";f g

éngl::;'” 4"}R.f- 1n subfractions of eaph histone. It is th0ught that changes An ;~ f-f"*”‘ L

and may be invoived whéﬁ/histones become dissociated from ’7'.3f”

oo,
¢ "

: f.:..'.ﬁ ' transcription, and 1n fac111tat1ng transfer -of histones from the ‘5%;;€"‘.

- AT
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Histones are associated with DNA in an appro‘ximate]y one to one

5

‘ mass ratio. They probably have severa] funct1ons, incl udmg be1ng

structura'l components of chromatm "DNA protectwe proteins, cat1on1c

K neutrahzers of the ONA phosphate groups, and. repressors of

.o :

replication and/or transcription (De Lange and Sm1th 1979) "The

T . best e1uc1dated of these ro]es 1s that of be1ng structura1 .
o ‘:-‘A- S Con 1
E components aHom ng DNA to fold eff1c1ent1y, forrmng nuc]eosomes

- LTy St . . e ogd an
P Tk bt Rt e it R e

approx1ma}a1y 10 m. n d1ameter (Kornberg 1977) Each nucleosome

R | R is compmsed of about 200 base pa1rs, 140 of wh1 ch are, wrapped around

l' .
. l,, =

' an octomer composed of 2 mo]écu]es of each of h1stone 2A, histone ZB

0

h1stone 3 and h1sf;one 4 These unlts are aned by the rema1mng¢_.j --

60 base pa1rs. Htstone 1 appears to be assoc1ated Wi th the 30 base |

- ’ RO Y B .
e L h e L . NP
Fera ARTT A T et [ A5 AR, Ee T 1 T T T
- - P o

_ pa1 rs of ‘these 11nker regions c'losest to the: h'}stone octomer
. assoc1ated DNA (Kornberg 1977) L1ke r1bosomes nuc'leosomes are not

stat1c, there 1s some turnover of hlstones in qu1escent ceHs. |

K There’ fias . been 11m1 ted research on the synthesis pof h1stones in
“’:...; ) N A o ¢ ' Lt ) .n
o ' regenerat-ing rat 11ver. The reported 1nvest1gations tend to have

‘measured h1stone synthes1s by momtormg the appearance of nuc]ear, |

R U . -DNA assoc1ated h1stone R P R IR R P

1.5.6. 2 Synthesm of’ h1stones foHowmg part1a1 hepatectomy

In 1962 Ho]brook Evans, and Irv1n pubhshed a papér about the

appearance of chromatm assoc1ated histones Tn the 11ver fo]]omng
4

remova1 of . on]y one th1 rd of the Tiver (rather than the more

R R o -customary remova] of two-thlrds) They 1so1ated three hlstone

) -‘fractlons on the bas1s of acid so]ub111ty and extractab1hty in

"d1fferent concentratwns of NaC] El 14CJg]_ycme was 1n.]ected’l h
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prior to sacrifice of the rats 0} 15, 19,°22,725.5, 26, 29.5, 31,
33, 37,.br 42.5 h postoperatively. By 15'h of‘]jver'reoéneration;'“
an inoreaseiin histone synthesis was noted in all fractions, One of
'the fractions exh1bited a sharp~peak in. shecific activity at 13 h.
The other two had broader peaks of spec1f1c act1v1ty at. 19 to 22 h.
The rad1oact1ve 1ncorporat1on va]ues ‘at these times were 3. 4 to '
5. 8, fold greater than. the. control values.. A second sma1]er, peak
r;~of synthes1s was noted at 37- to 43 h of 11ver regeneratlon..,l" _f; .?;';_-f,tr l“
_ Inaect1ng rats w1th L [ C]]ys1ne 30 mxn pr1or to death and -
'zﬂéobserv1ng at 0"1 6 10 12 18 and 22 5h follow1ng part1a1
‘ :hepatectomy, Butler and Cohn (1963) noted that between 6 and 10 h
?. SR } .  of 11ver regenerat1on the relat1ve specific activity of Tiver
' ‘ " histones decreased to Tess than pre operat1ve va]ues. The re]at1ve’
-}spec1f1c act1v1ty of - h1stones then. rose’ to above avenage between
.1; 12 and 22, 5 h peaklng at approx1mate1y 16. h* postoperat1vely
Takai and co—workers (1968) labeled rat 11ver histones in v1vo'
., WIth [ HJ]euc1ne wh1ch was found to bea better h1stone 1abe1er than

[ HJarg1nine or [3H]1ys1ne, for Th prror to sacr1f1ce 8 12 16 19

‘or 28 h after part1a1°hepatectomy No 1ncrease 1n h1stone synthes1s

v

was noted unt11 16 h of 11ver regenerat1on Max1mum synthesis was

. '
O S
3 CELTTTE SN Ty

’i Qbserved to occur at 19 h, in agreement w1th Ho]brook et al (1962) \ :..3'::' i;;F‘
- Orlova and Rod1onov LIQZO) sepanated rat 11ver h1stones on. the SR "
,"N- Af' ha315 of the1r be1ng 1y51ne rich (histone 1 h1stone ZA, and :f. e s”;,;i: .
 histone; 28) or arginine rich-(ristone ¥ and histone 4k They * A"ooi T LT

. e 1njected [2- H]leUtine 30 m1n pr1or to death 6 12 15 18 24 oF.

P "-or 28 3 h fo]]ow1ng part1a1 hepatectomy No incréase 1n the _
N LRI R : : ....~'“:—<-‘ S ' ;?ft""
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1abe11ng of the 1ys1ne rich h1stones was observed during the permd

o
~

o exammed _ _ o
Orlova (1971) refineid‘thi's work by' 'usi'ngvmethodﬂogy mgre"
C spec1f1c for 1so]at1ng DNA assoc1ated h1stones Th'e rats ‘were
' o . ‘mJected w1th _‘[ C]g‘lycme 30 mm before sacrlflce *at 12 5,.14,.
. ' or. 15 h postoperatwe1y Th1s t1me a f'ive fo]d 1ncrease 1n total
“ ;{fh1stone ,synthests was noted at 12 h of 'Hver regeneratwn. By 15 h,.
: : 'f__.when there was a 7 6 fold 1ncrease 1n h1stone synthes1s the rate of
;.‘ :.4.synthe51s wy‘stﬂ'l 1ncreas1ng. LTl : ’ T
| In 1971 Gutwrrez—Cernosek and Hmlica reported on the
"-".,':.'mcorporatwn in rat 11ver of L-[ C]‘Iysme 1mected 1 h before

' ‘death, mto each of the fwe h1s’gmes Observataons, corrected for

the 1ysine content of the dlfferent h1stones, at 0 2 4 6 12 ‘18,'

-24 30, or 36 h postoperatwe]y showed that radioact'i ve. 1ncorporat1on

\

mcreases gradua]ly from the t1me of part1a1 hepatectomy. : The

spec1f1c act1v1ty of h1stone 3 reached a maxtmum at 24 h and the

other four h1stones reached a max1mum at 30" h of Hver regeneration. ‘

. They also. reported that the corrected spec1 f1c actlvity of the very
f]ysme r1ch h1stone 1 and of the arg1mne r1ch histone 3 1s .; '
'apprommately tvﬁce that of the shghtly lysme mch hustone 2A and

: h1st0ne 28 and ‘of the argtmne r1ch h1stone 4 ,“j';

These f1nd1ngs are 1n contrast to Orlova and Rodlonov (1970) A L

s '_-“;,"fwho noted 1n(:reased spec1f1c act v1ty only 1n the argmlne r‘lch
: ..'f_,-hlstones It is of 1nterest that 11ke Holbrook et a1 (1962) and
' 0¥lova and Rod‘lonov ( 1970), Gutlerrez-Cernosek and Hmhca (1971)

observed that not al] the h1stones become associated with DNA m a

-~ . N .
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,s\ynchronous manner. 'Th'i-s phenornehon may be'indtcativeof

Us1ng several cr1ter1a Garrard and Bonner (1974) a1so found that g L

. e

.di'fferenti‘ al -synthesis,' trans‘po'rt from_the cytoplasm to the nucleus, -

" or formatwn of the DNA-histone donic bonds .~

Exam1n1ng changes in the mass proportmns ‘of rat hver chromat1n 3

:‘ protems g, 1.5, 3, 8, 12 14 18 20 25, and 44 h followmg part1a1
"hepatectomy Garrard and Bonner (1974) obsei'Ved ‘a; 7 per cent decrease
; - 1n the htstone DNA mass ratio durmg the f1rst 8 h of Hver |

regeneratwn._‘ Although smaH th1s dechne was stat1st1ca11y
s1gn1f1cant at the 95 per cent conﬁdence l1m1‘t The t1me of 8 h
corre]ates weH w1th the observatwn of But]er and Cohn (1963) that

oy .

10 h postoperatlvely. : g E '»“,".. :

Y . NI CT

Garrard and Bonner (1974) then 1nvest1gated the poss1b111ty

that the 7 per cent decrease mi qht be due to preferentlal decﬁnes

of -some h1stone spec1es The1r data suggest that the dechne resu]ts

from a proportional dechne in: aH the h1stone spec1es. To examme
the synthes1s of h1stones they used 1n v1vo 1abe11ng w1th
L- [4 5-3HJ1ys1ne between 2 5 and 4 h after part1a1 hepatectomy, when
the an1ma1s were sacr1 ﬁced They observed that the 1abe1 1ng of
hlstones 2A and ZB did’ not change s1gn1f1cant1y in response to A
partlal hepatecto:ny In contrast the 'Iabehng of h1stohe 1, ‘
h1stone 35, and h1stone 4 1ncreased by 23 81 and 19 per cent . ..
respectivew Extept for h']stone 1 ‘the h1stones whose syntﬁesis 1s

affected are 'ln agreement with 0r1ova and Rod1onov (1970) However,

the tuo groups report dlfferent t1m1ng of the 1ncrease m synthes1s. o

[N 4
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i h1st0ne 1 showed a conswerable turnever durmg the ﬁrst 12 h of'
b 1‘|ver regeneration ‘ :
~( . 2 N - .
Sm1rnova and Rod1onov (1974) exammed the change 1n lncorporatmn

) . of [ CJg1yc1ne‘1nto rat. 11ver histone fractwns 1, 2A and 4 ZB

: H and 3 at 5. S 95 11,12, 5, 14 15 5 17 19 21 23 25, and 27h
" . _foHowmg part1a1 hepatectomy. The radwactwe am1no acid was - '
'fnjected 30 min pr1or to an1mal sacr1f1ce. " The rate of 1ncorporat'10n

, of[ CJg]ycme 1nto aH the h1stone fractwns began";"'o 1ncrease at

_ e ,‘;:;12 5 h of hver regeneratwn, and 1ncorporat1on peaks were noted at

' 14 to 15, h and 23 h T :
Rapoport and Khas1gov (,1975) used 1ong 1abe'Hng times,
'I14CJ ‘Iysme was 1nJected 24 h pr1or to part1a1 hepatectonly. They

s

S -t P
At Ll PR
s A iR
. e
[ Los

report that d1fferent1al rates of rat 11ver h1stone synthes1s ,
g

, pemst at 24 48, and 72 h postoperatwel'y Rapoport and Khas1gov
 (1975) agree: with the finding of Garrard and Bonner (1974) that 5;“

foHowmg part1a1 hepatectomy, h1stone 1 undergoes the greatest

..i'“change 1n rate of synthes1s The spec1f1c act1v1ty of h'l stone 1

’ decreased reTatwe to an 1ncrease 1n the spec1f1c act1V1t¥ Of

o e R

' .h1stones 2A 4 ZB and 3 Because Rapoport and Khas1gov admxmstered
large amounts of un'labeled ammo ac1ds durmg regeneratwn, and the |
: N

B spec1 f1c act1v1ty of the nonmstone protems remamed constante" 1t

1s un‘like]y that the observatwns can- be accounted for by R

) .

' neut1'l1zat1on o’r' 1abe1 ed am'mo ac1ds Howeyer, 1t 15 poss1b1e that

V- ~ . -
A . -, - P . y .
A oAt . S
t [ St T
L IO g e b e oy e
'. S . - ;
.

' prev1 ously 'Iabe'led h1stones become assoe1ated w1th DNA durmg 1_'5:}‘: ~§; RS

P regeneratlon.: G T ,
L A]though there 1s not a prec1se consensus on the synthe51s of S e
‘.F-, : ..f42 ._‘ R . : ‘ : .
5 L S e
- o R ‘
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* \ rat Hver histones fo11gm;'n§ part1a'| hepatectomy, some probab]y
P - rehab]e observations can be made Ear]y in the POStOPEY‘aﬁVG
, per1 od; approx1mate1y the fi rst 10 to 12 h, synthesis of h1stones '\
S ) PR which have become assoc1ated with nudear DNA'is 11m1ted (Takfﬂ

L : et a1 1968 Or1oVa and Rod1 onov 1970 Gut1 errez—Cernosek and

- Hmhca 1971 Smirnova and Rothonov 1974) and may 1n faqt decrease : | ,

f‘-f'to be]ow contro] va1 ues between 6 and 10 h‘ (But]er and Cohn 1963

"_,.Ga'rrard and Bonner 1974) There are probab1y at ‘least two peaks of'}" -

h1stone synthes1s the ﬁrst at ,14'-to 20 h postoperatively (Holbrook =
i et a] 1962 But]er and Cohn 1963 Takal et a1 1968 Sm1 rnova and
i Rod1onov 1974) correspondmg to the 1mt1 atwn of DNA s.ynthes1s and
’ the second at about 24 h (Orlova and Rod1onov 1970 Gut1errez Cernosek
*@ and Hn‘]’hca 1971 Sm1rnova and Rod1onbv 1974) corresponqu to '

R ,~ max1mum DNA synthes1s. It 1s poss1b1e that s some researchers

' have noted at some or aﬂ t1mes of 'l1ver regeneration the var1ous.

h1stone fractwns are synthesued at d1fferent rates (Ho1brook et “al.’ .

1962 Orlova and Rod1onov 1970 Gut1err~ez-Cernosek and Hmhca 1971':- Foai
Rapoport and Khas1gov 1975) ' R

There are no major contrad1ct1ons between the reported findtngs' P

of the transcr1pt1on and mRNA stud1es and “the ribosomaﬂ and histone .-'.".::'.‘:.'.';

research 1n regeneratmg rat Hver

R B e . ~_4 PR i . . S
- e I . . [T

1 6 Statement of the Er'olﬂem RS

Much of the 1nformat1bn presented here concermn‘g the synthesis,--

<

L of the two maJOr groups of baSic proteins, h1stones and some

ribosoma'l proteins, 1n rat hVer fo'l]owing part1a1 hepatectomx_was

T A
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unavai’lab]e 1n 1976 at the conmencement of the 1nvest1 gat1ons f

-4 Lo

phesented he! The a1m of the research was to exann ne several

aspects of: hepat1c mRNA dur1ng the first 10 h funom ng part1a1

Y

-hepateqtonw‘. - Three questions were posed 1) Does the amount of

Vs
.n b e

mRN{\ be1ng trans]ated change as a. functwn of t'lme foﬂomng '
e R -l .‘.“ .

; part1a1 hepatectomy? 2) Jthe rate %{ trans1at1on of the mR

. Ad

: he'mg translated vary as a function of time'foﬂowing part1a1

.,n.

1t was dec'lded to

B u
.‘_._. > ,‘-. o .-'
5 0 '..*‘ T

y lfse po1ysomes' '1nstead of the rrrore con'morﬂy used pur'l fied mRNA“ as

oA
/. ‘, . ;'u LAY

P

substrate for an; 1n v1tro translatmn assay This declswn ‘

4 necessnated,.the charactemzatmn of the assay uith polysomes as

.

cE
. g
s
"
ki P

.

P
z.
*,

“c.

; __..It 1s"'hoped that the resu1 ts of the 1nvest1gatlons ml'l

prov1de some 1ns1 h, nto the mo'lecu'lar aspeats of controlled,

-

rapid, rnormal ( non-neop]astw) growth, , 3
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21 Reagents L .f | UL N IS AC I

Chem ca'ls were purchased as fo]lows ) K '. b

aCalbwchem. - some un]abe'led ammo acids for' trichloroacetw

1fco Laboratdries- *'C,asammo acids, g

o

Eastman Chemica'l cOmpany ":tacryl am1de

N N'-met!ud ene-bis-acrylam‘ldé, N, N, N" N'-tetraethylmethy]-f g

A e'thy]d1anhne (TEMED) e 0 I:""‘ y -'{f‘".. s '- e |
' | Kodak x-umat F.RXR—I fﬂm, developev- and fixer for x Omat
) R XR-J. fﬂmu _.‘ ¥ ‘ o _" . ’ o L L
e < New: Eng1a;lﬁ ﬁuclear..‘ rad1oact1ve amino ac1ds Aquaso]~2 5
R Enllnar‘u%:e.. Ommfl'uor;h Protasol Scmtwerse .
%8 .l - Pharmac1a. Sephadex G225 medium . .. g " .
P‘icker Nue]ear. 4 r1bonuclease-fr;ee sucrose h ' ' .
S1gma unlabeled am1 no ac1ds for traﬁéiatwn a:ssa,ys some g * z}
g un1abe1ed am'l no a.c'lds for TCA priacip1tab'le counts:"A‘rP, bovu{e A “ o '
. sePum a'lbumm brom'phenol b1ue, cr-eatme phosphokmase,‘ h Lnlh X

B carboxymethy'l-cel'lu]ose (CM-ceHulose) deoxycho'late, DL dﬁh1othre1to'l f-\, e “

(DTT) glycero] g'lycine, GTP hepamn N-2-hydroxyethy1p1peraz-|ne—

Nn_z-ethane'é ulfqnic ac1d (HEPES) 1ysozyme, 2-mercaptoethano'l , = ]
8 g o phOSphocreatme, poly u polyvmy'lsu]fate, puromycm, sadwm R ‘




- -.‘2 ‘:. - RS PR AT o R TR w A SR APy 34 2 . WSS

{‘ b |
. Bw C,hemica'ls Can]ah or F1sher Sc1ent1f1c Cornpan_y L1m1ted
.{"‘:3:\ | a'l] other chem1ca1s ' o

2 2 Iso'latwn of polysomes (L'Iymbosomes)

2 2 1 Buff‘er A for 1solat1on of po]ysomes ] fe
. 10 mM N—2~hydroxyethy1p1peraz1ne N'-2-ethanesu‘|fon1cac1d(HEPES), o 4

~

B ‘pH 7 4 at “roon: temperature 100 mM KC],, 250an mbonuc'lease-free L

Mg(OAc)z, 0 1 mM EDTA Naz 1n autoc]aved d1st11’|ed or reverse osmosis

water , .' . e .:';,f' Y

..

2 2 3 Mod1f1ed Buffer A for 1solat1on of polysomes

Buffer A conta1n1ng 200 ug/mL hepar1n,." SRR g

2 2 4. Other reagents o ,:' * R - ’ _ ) i : ) |

15% (w/v) deoxycholate “ "—‘

nZ 0 M r1bonuclea5e free sucrose in, Buffer A g i
0 5 M r1bonuclease free sucrose 'm Buffer A _ L

- 10% (w/v) Tr1ton X 100 «

2 O M r1bonuclease free sucrose 1n mod1 ﬁed Buffer A

0 5 M r1bonuc1ease-free.sucrose 1n mod1f1ed Buffer A

2 2 5 Method




" and wei ghmg 150 to 2@0 g w‘s}e used 1n aH experiments.l Fol]owing

- The lwer Mas exctsed using autoclaved, sc1ssors and d1sposah1e
""p1ast1c gloves to m1n1m1 ze r1boduc1ease contam1nat10n. It was then :

' ':'.placed 1mmed1ate'ly m co]d Buffer A

centrtfuge A one-tenth va]ume of 15% (w/v) deoxycho1ate, Jto

”i:-'hmd at the top surface the top, ferritin-contai n1nq N

Female Sprague-Daw1ey rats bred and rai sed by the An1ma1 (are

Facﬂity, Hea1th Sciences Centre, Memor]al Um versity of Nveoundland"

cerv1ca1 d1s1ocat1on, each rat was decapitated w1th a gu111ot1ne

»

AH rema1n1 ng procedures were performed at 0 to 4°C

: _;_‘The 11vers‘,',:_;;-. Ll

homogenate was centmfuged at 20 000 g for 15 m1n 1n a Sorval
solubt”l’ 1Ze membranes, was added to the supernatant whlch was then
‘layered on top of d1scont1nuous sucrose grad1 ents._ The grad1ents
were constructed as fo]lows. : bottom layer--z 0 M r'lbonuc]ease-free
sucrose m BufferA [2 25 mL or 6 5 mLJ, nn ddle 1ayer--0 5 M ~~~~~ :
rtbonuc'lease free sucrose in Buffer A [3 00 mL or. 8 75 mL]wtop ERN o,
layer--deoxychoute treated supernatant 13- 5 mL or 10 0 mLJ. Prior '.
to use, the centrifuge tubes were autoclaved or thoroughly r1nsed 5
w1th autoclaved dtstﬂ]ed or reverse osmos1s water.} A Beckman 65 z
rotor was used wi th the smaHer vo] umes and ‘2 Beckman 45 or 50 2 T1

mtor was used, with the 'Iarger vo] umes,. Centr1fugat1on was at
165 000 g‘"for 3 h at 4°C After centrifugatmn, the po1ysomes ane :
present as peHets at the bottom of the tubes. The pverl ay1ng
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' -sucrose 'laye.r', the membranes at the” sucrose-sucrose 'lnter'face, : ki

et : and the lower sucrose 1ayerwere removedw1tha Pasteur- p‘lpette. If £ i

§

R

s

. -

- the po1ysgnes were not to be used 'lmmed'latel y, the 1nterior- of the &

centm fuge tube was carefuny r1nsed wjth Buffer' A without sucrose

ug/mL pol);vi ny]sulfate‘

: ,,2 32 Other' rgg.ents:':‘ oo e

9 S ;'.:'ﬂ. | 10 it pummycin b, ‘ o 3 J G

e s “2.3.5 Method ‘ ;’ : ;‘ b

‘-'.;“. “: . ; . w9 Po\ysemes were lso'leted 'as descrﬂ:ed above. Buffer B, 0 5 mlT '
: : : per g liver' from which the po‘lysomes were 1501ated, was '.at‘ided to tii'e'
& _} polysome peilet, The peﬂet wae then solub111zed by gentle st'lrring

.

':,‘-:-'. B for 1 h at 0 to 4°C The po]ysome-buffer mi xtﬁre fwas centr1 fuged

LR I v [ p 9 ¥ i

*‘ " at 27 000 q at 4°C for 10 min 1n a Sqrvall cen"tvifuge. A 0 01 vo'lume
E o } of 10 mM puromyc'm was added to the supernatanf, (f'i na1 ,concentratmn 7 A
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L R 2 4 Prepar‘ation of who]e ribosomes REY SR
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s

was ;-.kept

Lure,s .a'md' the j,on_.
-60 m'ln. , Hho‘le‘

d i B

ribosomes ¥

'Sorval ¢entr1fuge..

..

i 2 5 Preparation of‘ rﬂmsomal proteins i .

O e ¢ N -"':,.','.:;"--2 5.1 Buffer C.for s;aratmg rlbosoma'l- rotems
. ::: . vy . .-.'_.‘-1 .»! ‘:.". -

10 mM Tris pH 7 7 at .room tempar‘ature,

- <

2 5 2 Other reagents _‘
g] 1a1 acet'lc acid (_HOAE)

e

s..

B

RS

O

(]
:
Fu

d ;.,.-* + ,.

L2 e et ;\‘descﬂhed above. fonmng r1bos,oma1 suhun*lts as'descr1bed above "except

that{{ncubau‘on w1tb puromyt;in at 37 ¢ Was for a‘ mimmum of 30 mn-: '

.,.-_. o ._‘._

After‘

A . _\- . e -
.y C B ‘ ,..~"' ~.‘:‘:’

mc«@ation w1th MgCOAc)z at ¢ was’ for a imnfmum of 60 LN
centriﬁgaﬁon of‘ --the r'lb 'ln

Leeaa it
.-,..-

osomes, they were gent'ly suspehded

A
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2 volumes of g'l ac1a1 acetic ac1d were then added The so]utwn was

10 mm 1n a SorvaH centﬁfuge to r'emove RNA The supematant was'

ST S IR ST U T

ey

S ‘ i saved and the pel]et was washed w1th 2 pe'l]et vo] umes of
RS Buffer t‘. g]ac1a1 acet1c acid (,1 Zi and centmfuged at 12 0009 for'

5 10 min m a Sowaﬂ centmeQe. This supernatant was combmed mth

‘che prev1ous supernatantl ‘and the r'lbosomaT protems Nere

- prec1p1 tated overnlghb va}b4°C by add1ng 9 vo]umes of acetdne. iiEThe-_

. .\fi I,I.'

- mhosoma1 ﬁroteins were then peﬂeted by centrifugatwn at 7 500 g

” . -
e R ot BT R RN

m"m a Sovvaﬂ centmfuge. i

26 Testing po]ysome 1ntegmty

2 6 l Buffer‘ D for sol uthzinq po1ysomes

2 6 2 Buffer E- 'For so'luh11121ng ponsomes j

10 mM HEPES pH 7 4 at room temperature 100 mM KC'I

and 1 30r 5 mM Mg(t);\c)2 '::'7'":‘5"’. :A‘ L
2 63 Other Y'eagents S




A v e+ 7

}. exogenous rtbonuclease. S

US'I ng a Beckman 65 rotor, fresh (unfrozen) polysomes were

" _I’Jrepured as descﬁbed above.. After centr1’Fugatton to pe1]et the

:*"prTysomes,, the supernatant was removed usmg a Pasteur pipette and '\ . -

' - f.the']ntemor of each u] tracentr1fuge tube wastS caref‘u]ly r'l nsed wi th .
" ; l-':}Buffer D or Buf’fer E to remove traces of sucrose. The polysomes RS
2 o :_' b ".f‘:fcwere then gentTy so]ubﬂi zed 1n 0 5 mL of the same buffer at 4°C. -
- Absorbance at 235 240“ zeo 280, and 320 m was measured Idea'l
polysomes have A240 .‘.’A280~and AZBO/AZGO 5 1 7 Then 1 3 or 5 :
_."a corrected ahsorbance umts 'tcorrectedﬂabsorbance lunt ts = A260
,.__:l '.5 .'\!'\320 (P Tas personal conmumcatwn)J were layered on
conttnuous, hnear sucrose gradients, 15—3% sﬁcrose 1n Buffer D or
. .."."-_';' 10-40% sucrose in Buffer E, in ceHu]ose nt:trate tubes., The gradlents
i;’ . were then centri fuged us1ng a Beckman sw 27., 1 rotor at 8 000 g for' e 5; e
.t' : 18 to 19 h at 20°c After centr1fugation' che tubes were punctured
.‘v"',_ ; 5 at the bottom and the absorbance of the contents was momtored by— !
; - an Isco grad1ent fract1 onator wtth a 280 310 . fﬂter and recorded :
§ Rt by ag str1p chart recorder.,..,: A f "‘ '_ ‘
' ; \ | 3y To confirm the 1dent1f1cat10n of the po'lysome peaks, r1bosoma'|
g : | - ~suhpart'( cles and 1ntact monosomes were prepared as descr1bed above,
;...T" g‘ - and ahsorbance at 235 240 260 280 and 320 nm were measured _
:: - ; Three or. 5 simﬂarly corrected absorbance un1 ts of Aribosomes were,.‘;_

Tayered on Hnear 10-40% sucrose grad1ents Jn Buffer E contatmng-

3 mM Mg(OAc)z 1n ce]TuT ose n1 trate tubes. These grad1ents were -

e centrlfuged and analyzed concurrently :n\th the poiysome gradients.;..._ .

N et S8 1 rearlrrt Sn | 4wt e+
Sht— 0 PN MR
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} 2.7 Part1a1 hepatectomy TR
? Both before and after the operatwn aH rats were al'lowed to
; f.’ ':eat standard rat chow as supphed by FacuTty of Medicme An1ma4 Care
»_j: % 'Facility and to drink water’ ad Hbltum. Partial hepatectomies were
: % : “performed accord1ng to the -method- of H1gg1ns and Anderson (1931). | )
1; ‘ The operat1ons were- carr1ed out usmg ether as an anesthehc. A S
% i .. S ,.'med1an 11ne 1nc1$1on wa,s made and pr1or to‘ exc1s1on the 1eft N .
!f . laterdl and the med1an lobes were t1ed off us1ng a shp knot made of{ L
;:. k '. R 'i'::unwaxed dental f'loss.,.; The bocur cav1 ty was cTosed by sewmg i th ’
? :.:surg1ca'l sﬂk the sk1n was c]osed w1th surg1ca1 stapJ es. _ ‘
; E ' : For each series of rats whdse po'lysomes were to be exam1ned as a;," "".fv,"f-; L
t} 4 A- ~ '\_.'a function‘ ot‘ t1me foHowmg part1a1 hepatectomy, I1tter mates were |
5} RS "used to mimmze poss1h1e effects of hered1ty.. The part1a1 :_ifﬂ L s
*' - hepatectomes on these rats were performed between 0500 and 0730 local )
I _’Ltme. Po1ysomes 1so]ated from, the Tiver, Of a non-anesthetized rat ‘ C
o 1} or. from the part1a11y-hepatectom1zed 11ver of‘ s1b11ngs, dependmg . X
; on’ the popu1 atiom f each 11tter, were cons1dere_d to be po'l _ysomes - v‘
from nonoperated or t1me Zero an1ma1s': Sham operatwn‘(anesthesia, ; Lk
o _ ;opemng of the per'ltoneal cavity, handhng of the Hver, and dosw%w'i :
RS \ - '.~of the 1nc151on) Were not performed because of . hmﬂ:mg numbers‘of T
) amma]s and reports by many researchers that the macromo1ecu1ar e
effects observed after part1a'I hepatectomy appear to be 1ndUCed by . ,- c
' e .l"'-‘-the remova1 of a port1on of the hver rather than by the. operatmn SR

: ;"‘311'.5e'lf (BUCher and Ma1t .1971)
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< 2.8 TVheat. germ in vitfo'trans]ation assay

Because the wheat germ in vitro translatwn system was

L A

sat1sfactory, it was unnecessary to use a reticulocyte 1ysa1:e system.
Advantages ‘of the f‘ormer systemnnc]uded probab]e h1gher specific
. T act1v1ty of *the trans]atwn products, t1me required for

' charactemzatwn and cost i

grn e, SRR T
M P ST

3 ‘ - .' Autoc]aved glassware and m1 cr0p1pette t1ps (20 pS'l for' 25 m'm) and
autoclaved r'everse osm0515 or dlstﬂled water' were used 1n aH } ”:‘ S
g ’:_ 51tuat1-ons. After- m1x1hg, aH so‘rutmns wer‘e stored 1n ahquots at \
E ' ::f -7@°c | “: ' e '. T T o f' "
E The 16‘ ammo ac1ds ’ L aspart1c ac1d L-asparagme L-arga mne, g
!‘ L-a]amne L—g]utamw ac1d L= g1utam1ne, ~t-cyste1ne L-1so]euc1ne, N
_ BRI —h1st1d1ne L-g1ycme L-—pheny]a]amne L- threon1ne L-ser'me, . .
) B R ,L-prohne, —vaHne, and L-]ysane were made 5 mM 1n a. fmal yolume’ : '-.‘
'l ! ‘ of 100 mL of 1 mM d1th1othr‘e1to1 (_DTT) which had been neutraHZed to
L pH 7.0 at room temperatur'e wi th so'|1d KHC03 A s1mﬂar m1xtur-e ’
P ', w1thout L 1eucme was’ a'lso prepar‘ed . ' _ L R ~.4
D o ST The fo]1ow1ng am'ino acid solutwns were made. in- 1 i DTT and ;_‘-‘ T F"
. neutra]ized to pH 7 w1th so'l1d KHC03 5 mL of 50 mM L—mEthwmn(e, | ‘_ ) .
o e 5 mL of 50 mM L-1euc1ne, 10 mL ‘of. 25 mM L—tryptophan and. 10 mL. of B

2 mM L—tyrosme Us1ng these so]ut'lons, 1 mL of a. m1x wﬁ’ich was

':.'_?f - Q 5: M w1th respect to, each of 19 am'lno ac1ds [L 1euc1ne, L lysme,J .

or L-methwmne was ehmi»nated] or to aH 20 ammo ac1ds was made. I
- In addftion, ‘the foﬂom ng, stock soTutwns were made »J 0 M

S ""::HEPES, PH 7.6 at r‘oom temPeratut;e (PH adJUStEd \‘”th 5°”d KOH)’ '
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2 0 M KOAc, 1.0 M Mg(OAc)z, 1.0 M DTT, 0.2 M ATP—NaZ, 0. 05 M GTP(Na .

sa]t) 0. 05 M sperm1ne, a]l, except the HEPES, were, neutral1zed to }.”\

?
s
el

>

b - S 3 "_"_‘ ' ' .t
S s ot S
- - i . -

pH 7 vnth sohd I(HCO3 at room temperature~ 0.5 \M phosphocreatme a o
(Na salt) neutralized to. ‘pH 7 with HC], 5 mg/mL creat1ne phosphokinase v .

n

. S ‘m autoc'laved 50, g'lyceroI and neutraHzed to pH 7 with solid Kl-lc03. .,

.
)4
-

Agam, ‘each so1ut1on was stbred 1n sma'l'l quuots qt 70°C

L The precedmg ingredlents were- combmed in a: "master mlx" 1n the

'Z.;:i"zz fol'lowmg quant1t1es/200 uL master mix-

. omganem& 14_
I M HEPES, pH 7;6

f, v + ...

K 2 0 M KOAc ,! ."":_ o E
; S Mg(OAc)2 L5
. ‘:.' . E :w_‘ - MPTT k. :_ :.'. ‘.."_l:-h "l .-2.5 _"

"‘i{'. ) ] \ . . - - . : " .
i - 02 MATP N T
\ | ".. ’- . : 0 05 M GTP‘ .,: ' ;A.,O.s: ) o

R 0. 5 pho;phocreatme 220, 0
L 5 mg/ml creat'lne phosphok'lnase .10 0

L LY e e L,
".‘M"'.“.""noho:';... . . .'. ’
'
~

T 0 05. M, sper-m'me 1, ’25 i
s .::':.‘ . y/ 0 5 mM 19 am1no ac1d m'lx 62 5 b

g 5 - " (20 am'lno acid m1x) (12 5)
. water o U 1 5 33 ¢ ok W
K 5 . K T g v "*.' AR

The translatwn assay, 1n a. flnal volume of 50 pL. conta‘lned

_’8 pL of the master m1x contr1but1ng 20 mM HEPES 100 mM KOAc ,'

..r

X
.
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. . of the above wheat germ S-30 fractfon,' )
PR - ‘}"‘f: KC] 1 5 “‘” MQ(OAC)Z, and.l 8 mM Z—mer‘eaptoethanol ’ £

*"*ﬂ'ewmrh”r*'\v—wﬂ rror
2.8.2 Wheat germ S 30 fraction . _
. 2.8.2.1 ‘Buffer F for gr1nd1ng wheat germ

20 mM HEPES, pH 7.6 at’ room temperature, 100 mM KC1,
1 m Mg(OAc)z, 2 mM CaCTz, 6 mM 2-mercaptoethan01 '
. o .. 2.8, 2' Buffer 5 “for use. w1th Sephadex G-—25 coTumn to
B : l ‘ obta1n wheat germ 5= 30% on
’ T 20 mM HEPES pH 7 6 at room temperature* 120 mM KCT ’ .
.;:;':_: o 1,";{‘5 mM Mg(OAc)Z, 6 Lk 2-mercaptoethan01 ;
a | -‘ 3 2 8 2 3 Metth : A}{ S o
% | ATT Tabware was autocT aved (20 ps1 for 25 m1n) Phor to use
%; The wheat germ s-30 extrac ”‘,was prepared basu:aﬂy accordmglﬁ;f _'
o rto the method of Roberts and Paterson (1973) Equal wefghts, 6 g,v (
i ,".:of wheat germ and autoc]aved ground glass were ground together with.
X a con mortar and pest'le for 60 s. Then 28 mL of co'ld Buffer F was"

,. '.:f;.‘:“ladded s]owly w1th sw1r11ng for 60 S .The resu1t1ng paste was .
E centr1fuged at 30 000 g at 2°C for 12 mln. The supernatant (wheat
i‘-genn $-30 fraction) was Toaded onto a Sephadex G—25 (medwm) co'lumn.::~-
_ 'Q"‘_(2 5x 30 cm) equ111brated at 5°C w1th Buffer G The fTow rate was '
- '.“.j“a.djusted to 1 3 to 1 4 mL/man. The co]umn was r1nsed w1th Buffer.G '
and 2 mL fractwns were coﬂected The:fractwns conta1n1ng the =

| """-h'ighest turb]dity were dropped 1nto hqmd mtrogen, the frozen drops
'~;',_\..were stored aﬂﬁ —70°C : Lo R B

'on,t'ribut'ing 6 HEP 55_; ‘:35i.;'rrlM3"' 3

—
. %
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The f1naT _1‘_ v1tro trans]atwn assay conta'ined 15 uT ('ul 1 AZGO)-'




e e e : u -
2 8 3 Preparlng#po1ysomes for trans1at10n ‘
_ 2. 8 3 1 Buffer H for so]ub111z1ng po1ysomes for trans]at1on
B - .
. 10 mM HEPES pH 7. 6 at room temperature 15 mM KOAc. R :f :

s i o 2 mM Mg(OAc)z. 0. 1 mM EDTA-Na2 o l‘ ,
Lo .;_ S 2 8 3.2 Mod1f1ed Buffer . for solub11121ng po1ysomes for

W o ;”*'-‘,' “ trans1at1on

10 mM HEPES pH 7 6 at room. temperature 19 mM KOAc,

i' -,-.':‘ 2 mM. Mg(OAC)z 'f L ,-{,;-fl.'. " :

2 8 3 3 Methnd

Polysomes used fbr the 1n1t1a1

aracter1zat1on of the 1n V1tro,13*';”

traﬁs]at1on system were prepared as_ escr1bed above.. Ponsomes usedf“fjf-ﬁ:{}i

"l'

‘? 1n later expervments were prepared as descrvbed above except that

[ R s

mod1f1ed Buffbr A, 0 5 M sucrose in, mod1f1ed Buffer A X oM sucrosejuﬁfﬁ;f?ﬂf7f**

1n mod1f1ed Buffér A, and 10% (w/v) Triton x 100 were used 1nstead "of |
lif'". ; f Buffer A, 0 5 M sucrose 1n Buffer A, 2 0 M sucrose 1n Buffer A, and :;j
:; e 15% (w/v) deoxycho]ate respective]y l The r1nsed po1ysomes were - '
}EI-V ,‘ stored at 70°C pr1or to use The frozen poiysomes were fbund to :i‘i .7}JLJ; R
é%.k. . reta1n thexr su1tab111ty for trans]at1on N :L f _ _‘” ‘:‘ o "t |
;{,{.f L "' In1t1a11y, the polusomes for trans]at1on were gent]y SUSpended . j*} .;f;tw m:
ig il ! '5f1 in approx1mate1y two Pe]]et vo]umes of Buffer H for a maximum of BV‘ lj..e ‘
:gt7" 15 min Later exper1ments used mod1f1ed Buffer H in; p1ace of Buffer Hs 1'_1ff"
f§}- : and the f1na1 1n V1tro twanslat1on assay conta1ned 20 uL of the T
- polysome mlxture 1n mod1f1ed Buffer H, contr1but1ng 2 7 mM HEPES, ..;:;f,fii“"{}x
g mM KOAc, and o 5 mM Mg(OAc)2 e e LT
2 8»4 Nheat germ 1n v1tro trans}attoh assay ‘ t_jﬁlif:,311_‘ E
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15 uL wheat genn S-30 fraction 2 uL H20 5 uL radioactive amino
’ aCld(S) (5 10 uCi), and 20 ul of polysomes Thus, the final

‘ "and 1 8 mM 2-mercaptoethanol

55;151licate disposable glass culture tubes (10 x 75 mm) or 1 5 mL poly-».ﬁ

‘ "fidf“propylene microfuge tubes were placed on 1ce, anda uLmaster mix, 15pL f'

—:?ljcooled : This 1ncubation step was omittedafterinitialcharacterization_,m:'
lei:“of th itro translation assay.:,
o acid, CO"talN1"9 6. uC1 L- [3553methion1ne i the final translations, T

‘:Afollowed by 20 uL of polysomes solubilized 1n Buffer H or modified

' fwere performed 51multaneOUSly for each litter of rats ‘. o

if2 9. Detection of translation

‘o

translation assay contained 29 mM HEPES. pH 7.6 at. room temperature, B
140ka 30mMCl,108mMOAc,45mMMg++ZOmMDTT,w o
1, 0 ‘mM ATP 0. 02 mM GTP, 8 0. mM phosphocreatine 0. .04 mg/mL creatine

phosphokinase 0 05 mM spermine; 0 02 ‘mM of each unlabeled amino ac1d

o In vitro translations were performed as follows._ Small boro-~

;Next 5 uL of radioactive amino o

Buffer H were added Translations were carried out at 25°C for 60m1n.‘i‘

Translations of polysomes present at different times fb]low1ng

,,{ partial hepatectomy, to. be- analyzed by CM- cellulose chromatography, :j:if R

u . Do ¢
J S .

—~ L
Translation was detennined to have occurred on the basis of

radioactivity of trich]oroacetic acid (TCA) precipitable material

During translation small glass test tybes containing 10 uL of 10 nm/mLfia,iyfaru

bovine serum albumin as carrier protein, 10 uL of 10 mg/mL unlabeled

l.':v._57_'\.\."
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am1no ac1d correspond1ng to the rad1oact1ve am1no acid, and 1 mL of

o~ - .- .
T S T RS s et gy o L :
. . » N
€

‘ water were prepared and kept at a° G.. Casamino ac1ds were used when a -
; ) rad1oact1ve am1no ac1d mix. was ut1lized for trans]at1on After ‘

translation 5.or 10 ul from an assay was added to- a test tube._;The

test tube s-contents were m1xed pr1or to the add1t1on of 110 uL of

e g

100% (w/v) TCA to prec1p1tate the prote1n The samp]es were then
- p]aced 1n a water bath at 90°C for 20 m1n.{ They were next cooTed and

X;_“-the precip1tates were coTTected on g]ass f1ber Reeve-AngeI filters,oéﬂl“n'"' g

S et 4 e

us1ng a M1111pore vacuum f11trat1on man1fo]d The test tubes were

'5.; r1nsed WIth 5% (w/v) TCA contain1ng 1 mg/mL unTabeTed am1no acid and

.....

the f11ters were rinsed w1th ethanoT and Tamp dried for 10 m1n CThefsfii”i;ij”!__]

f1'|ters were then pTaced 1n g]ass scihtﬂ]atwn via'ls,, and 1 mL

' g Protosa] was added to soTub111ze the prote1ns and thereby increase
countiné eff1c1ency. The vials were capped w1th tefTon 11ned caps and’?;:‘r'
1ncubated at 60°C for at Teast 20 m1n. Then 50 or 46 uL of gTac1a1 .

”i acet1c ac1d to opt1m1ze the pH, and 10" or. 9 mL, respect1ve1y, of

: to]uene-ﬁmn1f1uor were added to each v1a1 F1na11y. the samp]es were f f,j:{ff”4'

;%" \fff; Lo T counted for 10 min by a: Beckman T1quid sc1nt111ation counter ng{‘}i*.f,;i*::-fﬁ. -

‘:iiﬂ A: M; 2 10 Laennﬂ1 geTsJ for separat1ng 1n V1tro translat1on products ‘Ndjf:f?;;,}fﬁl“' %:f
} , i ‘ 2 10 1 Stock Solutwns ':‘-.::’,-t {.i" :'.:',:__,‘. ,;j:i','f_;," y R
I B 2 10 1 1 So]ut1on J- I ORI ”é
l?{ K 30% acryIam1de (w/v) 058% N, N'-methy]ene-b1s-acry1am1de (w/v) {;g
¥ : ¥

2 10 1 2 Buffer J II (4X lower Tr1s) d~ .“._:

1 5 M Tr1s, pH 8. 8 at room temperature 0. 4% sod1um Emﬁlii‘~

| . L i . N RO

dodecylsulfate (SDS) (w/v)

T I T R T TN T S O AT ST
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2 10, 1 3. Buffer J~III (4X upper Tr1s)

0.5 M Tr1s pH 6 8 at room temperature 0.4% SDS (w/v)
2 10. l 4 Buffer J IV (sample buffer)

2. 10 1 4, 1 Compos1t1on
: 62 5 mM: Tris, pH-6. 8 at room’ temperature -3% e1ectrophores1s
!
grade SDS (w/v) 5% 2-mErcaptoethan01 (v/v) 10% egceroI (v/v)

. Hi-v

L - 2 10, 1. 4 2. Preparation

f{;'ﬁ’ Buffer J IV was prepared by m1x1ng 12 5 mL Buffer J III 30 mL

10% electrophoresis grade SDS»(w/v) 5 mL 2 mercaptoethanol, 10 mL
g]ycero], and adding water to a tota] vo]ume of 100 mL '

7;”“;4ig; 2 10 1 5 Buffer J V (BX Tris-glycine reServozr buffer) DR

2 10 2 work1ng solut1ons pruggred 1mmediate1y pr1or tﬂ use ‘fﬂ{f-}

2 10 2 1 So]ut10n J VI ’-'”--"{

w0

*ffg 7. 5% ammontum persulfate (w/v)

ty .

’~ 2 10 2 2 Solut1on J VII4§10% acryIam1de runn1ng gel)

R Qf The runn1ng ge] was prepared by m1x1ng 33 3 mL So]ution J I 25 mL
o f“fElBuffer J- II and 40 2 mL water, addlng 1 5 mL Solut1on J VI. and

- m1x1ng we]] Nex; 25 uL N, N N' N‘-tetraethylmethy]Fthy1d1am1ne (TEMED) P
.ndyl;efwere added and the resultihg squt1on was thorough1y mixed The geIS:Iﬁ:‘fi'tf

"';"f.were poured 1mmed1ate1y and over1a1d w1th Buffer J V water (7 1)

2 10 2 3 Squt1on J VIII (3% acryIamide stack1ng ge1)

The stack1ng ge1 was prepared by m1x1ng 1 0 ni Sb]ut1on J I fﬁ‘ﬁ‘”
2 5 mL Buffer J III 6 34 mL water, addlng 150 uL Solut1on J VI ahd
m1x1ng weIl, and add1ng 10 uL TEMED and m1xing wel] The ge]s were -

. poured 1mmed1ate1y, nd a 12 samp]e comb was 1nserted
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2 10.2.4° Buffer' J“IX (e]ectrophoresis reservoir' buffe.r)
2. 10 2. 4 1 ComEosition

L . 25 mM Tr-1s, 375 mM glycme -0, 1% SDS (w/v) . -
U SO 2242 Prgparation .

) The e'lectrophores1s reservo1r buffer was, prepqred by m1x1ng
"‘12 .5 volunres Buffer J- V 1 vo'lt:me 10% SDS (w/v), and 86. 5 vo1Umes
o '.water _ .‘- BN IPEPRSEE ,' e
. R L 2 10 3 Buffer K for so] ub11iz1n1£rote1~ns
‘10 mM Tr1s, pH . 5 at room temperature 10 mM KC1, l 5 mM |
: o ".:_Mg'(OAc)2 ; R . L

0ne-d1mensiona. > Isodwm dodecy]su]fate {SDS) po]yacr‘yiamde ge'ls,

.5’::1_f0110w1ng the method of Laemm'h (1970) ) as descmbed above, were USed e

to separ'ate the 'ln v1tm transIatwn pmducts. - Ten vo1umes of co]d

tv';.é.'_iacetone were added to each o'F one or' more trans1at1on asSays, and S
w ', “the- pmtelns were a]10wed to prec1p1tate overnight at -20°C 'T'n.e. P
' ’-""'Aprempitated mater1a1 was theng,centrifuged, at 3 000 g- for 5 m1n at

“--:'«4°C in’ a SorvaH centhif’uge, and the pe]let was. so'l ub111zed 1n a’

T Y

: vel The samp1es wer'e i ck'ly heated to 90°C for 2 mi n, and '_ 3
':".',‘: 5 uL of 0 1% br‘ompheno'l b1ue (w/v) trapkmg d_ye 1n water was added .

e et
i',a,.“'

Wﬁ:\a each sam‘Ble

In some 1nstances, each trans'lation assay Was p]aced 1nto a.
4

smal] u'ltr'aqentmfuge tube, and 1ts volume was adJusted to 1- mL w1th~== SR

Buffer K It was theh centmfuged at .145 000 g'for 1 5 h at 4°C to

'.".‘.usedunent ribosomal subpart1c1es.,' Ten vblumes of co]d acetone were S _':.‘f"-lj':-‘-

N,
.. AP
.

.

5




;f‘-;_ ”.'Af A “~{;ﬁ, Some gels for autofluorography were prepared prror to- drylng hy

in'_' : - f'f‘lhﬁ?hovern1ght at -20°C prior to centr1fugat10n and subsequent steps as’

‘;
o
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f;zg : fﬁ*a;ﬁ[’_.fﬁffjglac1a1 acet1c acid (v/v) f,g':,f ‘ﬂVT““:T ij"71¢ -gf"%fgr‘i_ﬁltnffffiz~

B ':,f:fifji;for 1 to 1. 5 h fresh DMSO for- 1 to 15 h 20% 0mn1f1uor (w/v) in;

"’:ﬂyﬁft.,' ;¥fﬁwadded‘to the supernatant and the proteins were a1lowed to prec1p1tate
- ffdeta11ed above, . - o : e . )
. A Hoeffer ge]-e]ectrophores1s apparatus w1th 1,5 mM.. thlck gels

‘f was used with a 100 mm, 10% acrylamide running ge] and a ] mm, 3%

acnylam1de stack1ng ge1 ‘The electrophores1s reservo1r buffer, J- Ix

‘ ;was p1aced in- the upper ge1 chamber, and a microsyringe was used to

W

.....

--:;under1ay the samp]es E]ectrophorésis was run from pos1t1ve to

"i\nf£negat1ve at 50 v ""tfl the tVaCk1ng dye entered the runn1n9 gel and
_{:;at 150 V unt1l the tracking dye reached the 10wer edge of the ge]:”

They were desta1ned with 25% 2-propano1 (v/v) and 10%

'/:‘ M

‘afiDMSO for 1 to 1 5 h and 10% g]ac1a1 acet1c ac1d (v/v) and 3% glycero1
"777f(w/v) overnight, 1nc1ud1ng at 1east one change of the 1ast solutton '
Rt Other gels for autof1uorography were prepared for dry1ng by

P f,5=¢fﬁf“?f~{f5soak1ng (covered) 1n Enhance for 2 h, soaking 1n co1d water for 2 h,‘ f;{?ifTSY}',

' ‘*:f;ffand soaking An 10% g]ac1a1 acetic ac1d (v/v) and 3% g]ycero] (w/v)

LT e T wﬂﬁffbr a m1n1mum of 2 h}‘ﬁ:ﬁ[;:v S

,The gels
,—70° : The

‘l”" The gels were dr1ed for 2 h u51ng a Hoeffer ge] drier.g
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" ra s, Lt

« autnfTuorograms were‘develdped usﬁng quak'developeriahd fiier;g‘;

'by soak1ng 1n several changes of 10% gTac1a1 acet1c acid (y/vl and

«vSZ,glyceroT (w/v). They were then dried for 2 h us1ng a- Hoeffer

ihzili,TCM-celluTose chro 'togr;phy f;*ﬁ% PR e
o . . Lt A )

'ftﬁThe resu1t1ng geTatenoUs sTurry was t»Ttered using a Buchner funneT
5>f:r1nsed w1th 0 5 M NaOH unt1L the eff1uett was color]ess and rlnsed
.1w1th water to a neutraT pH._ The CM-ceT]Y
i a; vo]ume of 0 5 M HCT equa] ‘to the 1n1t1El voTume of 0. 5 M, NaOH for
"'.30 min, f'l'ltered us1ng a. Buchner funne‘l . CoL T
';LGeutral pH*' It was then resuspended 1n 0. 5 M NaOH, 1mmed1ate1y 24;;;:;}{‘;} )
5::‘f11tered aga1n us1ng a Buchner funnel, and r1nsed w1th water to a '; f f
’ "j_ineutral pH4 The CM-ceTlulose was stored 'in saturated NaCT at 4°c

, untﬂ used .V ST ’

'Tiﬁnfy M delonjzed urea (Hackett et a1;11978) The urea was de1on1zed by
:'1Alf{yfan nu]tra high capac1ty cartr1dge“'in a model LD3 Cdrning A :

fo]low1ng Kodak directions, -

Sta1ned gels- of unfabeled prote1ns were prepared for drylng

geT drier.“" \

CM-ceTluTos

37:ﬁffz 11 1 PrecxpTlng oF

.

Tose was next suspended 1n f;‘;f" i

%nd r1nsed w1th water to a

2 11 2 Buffer L CM-ceTTuTose b1ndingfbuffer "

10 mM TPTS. pH 7 5 at room temperature 10 mM EDTA-Naz, 1 mM DTT,




RETEE
., AT

dem1nera11zer __v jﬂ "_5.,_4 CL ‘?:-T R R

s iij -}:i : 2 11 3 Buffer M CM—ce]]u]ose e1ut1on buffer ;:;;:wfkﬁ g_."i‘f"“ E
o ' ' S CRUY
2 M L1C1 4 M de1on1zed urea (Hackett et al 1978) Urea j‘ Lo

de1onlzat1on was carr1ed out as descr1bed above for Buffer L

2 11 4 Method '

- e

Pre qyc]ed CM-ce]]u]ose was pre-equ111brated w1th a m1n1mum of

6 washes of Buffer Ly F1nes were remOVed at th1s t1me.__\.'-?.:""~?

.,....<"

Cqumns were made by us1ng 3 mL plastic,/disposable syrlnges

'

’support cut from a K'hw1pe-t155ue

Co]umns were poured;and

. & . ‘.
Buffer:L The prote1ns to bgzapp11ed to the column.(lysozyme, :,,

', bov1ne serum a]bum1n, trans]at1on assays) Were d1sso1ved 1n Buffer L

pr1or to the1r app11cat1on to the column..-fﬂ

.“ .

The trans]at1on products to be app11ed to the co1umns were

Aw“7’v5:fﬂi:‘" prepared 1mmed1ate]y fo1IOW1ﬁg tvanslatlon by prec1p1tat1on with

i‘ﬁ'J e }_?;fi Ti- 10 vo1umes of co1d acetone at —20°C or 70°C overnight~'centr1fugat1on

}T* at 12 800 g for 30 min 1n an Epp1ndorf m1crofuge at room temperature

or at 3 000 g for 5 m1n at 4°C 1n a Sorval] centr1fuge and wash1ng

*f the pe11ets tw1ce wifh co]d acetoné to;remove unlncorporated

vz

rad1oact1ve am1no ac1d and to enhance effﬁc1ent drying of the pe11et "3‘ no

pr1or to 1ts being d1ssoIVed 1n Buffer L




co1lectors ceased to operate reliably,

tw n.-'

uffer M applicat1on“

i 7

beakgrs.
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?J:.;ﬁﬂﬁ conflgn 1dent1f1catlon of the monosome peakﬂ s1mu1taneous ana1ogou

0
s were carr1ed out 1n a]] cases.

‘-:n_ the polysomes 1n 1 mM Mg

. the same buffer conta1n1ng 1 mM or 5 mM Mg

3 than nn the more common]y used 5 mM Mg

- . .k .-. 'j‘ A. ’/.//._ - ..“- . ‘: ‘/: I‘ - '-.‘ Sue ’ }'t_
o ,; : ‘r’ H - ~ 6
.73 " RESULTS .
e A = | _
3 1 Establ1sh1ng techn1gges ‘%;*f ;;'1"“'”

To answer the quest1ons posed %n sect1on 1 6 techn1ques had to

.’

Theref re. devalopment of the methods w111
be d1scussed pr1or to the resu]ts;obtained by ds1ng the methods. i

be ver1f1ed or mod1f1ed

3 1 1 Iso1at1on of 1ntact po]ysones

Because subsequent exper1ments requ1red 1ntact mRNA, 1t was.-

necessary to 1solate 1ntact po]ysomes (ponr1bosomes), 1nd1cat1ng oy

. that thestNA 1s undegraded The1r presence was demonstrated by

u51ng the standard techn1que of sucrose grad1enb.sed1mentat1on.:;

and ana]yzed .

Polysomes so]ub111zed 1n Buffer E egnta1n1ng 3 mM Mg
by centr1fugat1on through a 11near 10 to 40% sucrose grad1ent at

0°C (F1gure i) resu]ted 1n absorbance prof11es show1ng better

def1n1t1on than d1d po1ysomes in s1m11ar' preparat1ons w1th e1ther

or Polysomes so1ub1]1zed .”‘x;f.;}
“dn: the c1ass1ca1 Buffer D (5 mM Mg ) (Par1sh 1972) pr1or to '; ""fd mrzkf”'

centr1fugat1on througH an analogous 15 to 30% sucrose gradlent. ;T”«

I

-

1ndependent centr1fugat1ons w1th r1bosoma1 subunits and monosomes

Furthermore the po1ysomes appeared;.u
more stab]e, based on absorpt1on prof11e def1n1t1on, 1n 3 mM Mg BTN
Judging from the prof11es,:d

appeared to be more stab]e than those 1n




no rma1 _1 fi\v‘er po

(pu1yr1bosomes) from & normal r-at 1 ver Wepe

:m 3 mM Mg Buffer

sucrose grad1ent 1n 3‘-mM Mg

peaks

oted

"- . n

1: ysomes "

extracted, so1ub Hze&'

y

representing po'lysomes

.The -peak
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oo . . BmM Mg+ . That weH deflned po]ysome profﬂes were obtamed at-

20 C instead of 4 C was also unexpected However, under ‘these
. . . conditions. (both 3 Nk Mg+t 'and 5 mM Mg 20°C) r1bosoma1 subun1ts

BT SR appeared to aggregate, centr'lfugmg shght]y faster @han monosomes

t

s

S T ' reconst1tuted from subpart1c1es. : C '.’_‘,-"N‘

(.

y Prehminary studles demonstrated that simﬂ ar po1ysome profﬂes -
?5 o : can be produced"hSmg 17 h- regenerat1 ng 11ver (F1gure 2) e

AT

O

' a compamson of the profﬂes 1mphes that d1fferences 1n the‘

' re]at‘(ve' bundanc':of the var1ous'Apo'Iysome size classes may resu'lt

from processes occurrmg durmg 11veh regeneratioh

.' dlsp1ayed on sucrose gradlents to demonstrate that pcﬂysomes from

E 2’);d1fferent an'rma1s have s1m11ar s1ze d1str1but10n5

As aht1 c1pated
(McGoWan et a1 1979), a relatwe 1ncrease 1n the s1ze of the o

"'_'_monosome peak and a dechne 1n pcﬂysomes (AZGO) per g Hver were

L observed when the amma'ls had been starved byt a'l'lowed water, for
17 h pr1or to death the foﬂomng mornmg (Figures 3 and 4)
A]though po]ysomes stored at -20 C or 70 C had 1ess def1 ned

: po]ysome absorbance profﬂes after centr‘fugatiOn through a Sucrose..v '

L P"'Ofﬂe 1" F19ure 2 was obta1 ned concurrenﬂy mth that of Figure 1 i :

Severa] rat 11vers were co-homogemzed and theﬁ‘polysome profﬂes;"f",{__.v‘_f:-
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~3' mM Mg Buffer E and centrifuged through .;;
\*a 16 to 40% 'h n’ear sucrose_gradlent in 3 mM Mg Buffer E"in & Beckman
'sw 27 1 rotor at 8‘ ooo_gjor 19. h at 2o°c Dist1nct pea

'.obaa:rved" ot st

.fo 'polysomes containing up to 'on]y

at the top of the gradient (the farthest right peak) was identified
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Polysome proff ]e,~17 h--starved régenerating Hver

Po1ysomes of'a a 'Hver i7h° fol]owmg part1 al hepatec mv

. .
- e
.r

»

...and feeding were extracted. so‘l ubﬂizéd _;l;n 3, mM Mg

XKoo

rotm\ at a ooo 8 for 19 13 at 20°c

2

gradient- 1n. 3’mM Mg

up to- on 'ly

~.‘_
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these experunents ut1'l1zed polysomes. Because the wheat germ based

in V'itro transTation assay 1s sens1t1ve to 10n1c strength and the

';"-buffen used the s_ystem was opt'lm'i zed for use with rat 11ver poTysomes
S The determinat1 on of these trans'lat1on assay parameters 'ls detaﬂed
be]ow.ﬁ.',,‘,-., PRI .' N __ O
' Quench and correction of cpm to dpm were not carried out, ' '.'
(.r ;‘because of the uniformlty of‘ the varwus samp'les. ' Furthermore, the

rel ative 1ncrease 'in 1ncorporat1on during transTation was more

o "‘;'.:‘lmpor'tant than fhe abso] ute A1n3rease.

3 1 2 1 The ln v1tro trans]at1on assay 1s funct'loning

-‘;"-:.'*{.‘ Before character1zing the in v1tro transTation assay, 1t was s
V“‘.i"necessary to demonstrate that 1t was operatwna'l l'“ The ,assay s RS -
"'iatgﬂtty to funct1on was estabhshed by usmg po]y-U as an RNA B . ;e

_ t'"i;;'ztemp'late, master m1x (sect1on 2 8 l) conta1n1ng no amino acids, and o
.' [1"3H}pheny1a'lan1ne and measurmg the trichToroacetw ac*d(TcA) i
| :"";-Iprecipitable rad1oactw1ty as a function of the quantity of POly-U A_
. ;m the assay Trans]atiqn was observed to be dependent on the

z;g_j-'-f.amount of poTy-U tempTate present (Figure 5)

3 1 2 2 Vo'lume of wheat germ S 30 fraction

The 1" ‘”tm t"a"S]at"O“ system was then characterized for use 3

L .w1th rat Hver po‘lysomes., The wheat germ S-30 extract 1s the

| '_;';._~pr1nc1pa1 source of components required for trans]ation, 1nc1ud1ng

‘ -,"»..'1n1t1at10n. eTongat1 on, and termination fa tors.- It was necessary,' :




» .

the act1v1t,y of the wheat germ 5‘30 9

!

the average of two ,10 the«s_ame assay

Te s,

- il N
1 3

exper'l ments (0 ——-—;

. !.
0 N "

tween the slopes ‘of th two

s'l' -F

to be 51gn1f1cant1y diffe.: t at the 90% \-conﬁ dence leve'l

e

difference he
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: Vam"g amounts Of p01ysomes was detenmned b_y us1ng master mixes _;'-f}.'}’" '
':f‘ 0 ' wh1Ch compensated for- the 1ower 1eVe'Is of HEPESf KOAc and Mg(OAc)z

S . \ 1n nonmaximal wheat ger-m extract voi umes, these master mixes resuitfed i

radioactivity, as a function of vo]ume of wheat germ 5—30 and as‘

?
3
7
H
3.
"7
H
3
2

e
function of quantity of po'lysomes was examined It appears thatr e

o
q

15 uL of wheat germ S 30 extract is a nonlim ti ng voiume *Lmder 1

condit1 ons used (Figure 6). and that translation is poiysume

f
ur K

dependent (Figur-e 7)

i

]
. -'

TR "#.,':;"*;:‘ 3 1 2 3 Chmce of poiysome soiubihzi g uffer'"

' , -.:.fa;;;j-- a. buffer capable of so] ubihzing and stabihzing the poTy,somes

t° trans]ation._ B Comparison of the trans]ational capacity of |

poiysomes so'lub'l'lized '_|n the chosen buffer (Buffer ﬁ‘.)'-"and in

i, ‘ s
,m B ST e Buffer E used for so]ubﬂizmg the° poiysomes for sucrose gradieht
S SRR centri fugation was made. Both buffers wen\z found to be suitable

’-7;'_ confidenc lhmit t > 1 325 t 0'432

solubi‘lizing buffer

[2
DR
LR TR LN
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Sop it

‘non Hmning vo1ume of wheat

Vary1 ng vo1umes of wheal genn 5-30 extract were used wi th

t,

nstant quanh ty qf polysOmes L-IIMchysine. and constant ﬁnal

.

nt ls the

.,l',

“rea

uot from each of two simultaneous‘ assa,ys, %

. I

915

i

uL polysome )

of 15 uL of S 30 extract per 50 uL nssay was foun_d{co 'be l
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olce q,f solub'H'lzing buffer for‘ y ﬁ"Vitro

Buffer H and Buffer E WeYe compar'ed fqr their ab'Ith t 1 !

o -so,l ub1 Hze

H]leucme,.vnere 'u;eq-t'each. pomt 13 the averag'e"'of

two 5 uL samples f‘rom the same assqy: and., A -
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PR 3. 1. 2 4 MSL concentratwn B 3

As state 1n the MateriaT and Methods sectxon, thea 'i'tro e '

o trans'latipn assays conta'ined 4~S mM Mg : Mthough the use of / &} .: :
* 2 gt (Webber 1977) 0 35 i g™t (Zehavi—wﬂ'lner 1976)- has - t o
L been reporf’qd most groups use 2.5 mM- Or 3 0 mM Mg for mRNA R

~ '_ 1n v1tro transTation assays. Recalhng that polysomes dtspTayed
onf'sucrose grad'lents g‘ppeared to be stabTe at Tower{than normal'ly

I

reported Mg concentrat'tons, 1t seemed appropr1ate to: 1nvesttgate , . ,

A the reT at10nsh1p between Mg concentration and the 'in vitro

translatwn of rat 11ver polysomes Annno ac1d 1ncorporat1 on over

o the range of 2 0 mM to 5 0 mM Mg was exam1ned. The resul ts

[N

- " (F'!gure 9) suggest that Under the assay conditwns used, )

translatab1'l1ty 1s reTat'lve'ly unaffected by Mg concentrat‘ton.ﬁ

o Therefore there appeared to be no good reason to change from the

i j,.f-j :-}‘ use of 4 5 mM Mg . These resuTts a]so ind1cate that the presence

| ""‘~ of heparm dur1ng the 1so]ation of polysomes the Tack of 1ncubat1on
of the wheat %{ 5—30 extrae?t prwr to polysome additwn ,'*and the,

) , absence of EDT hﬂe solub111z1ng the po1ysomes do not h1 nder
AR translatfon : ‘-‘a"“,j,-'v_;_'.'. .’ ST

3 1 2 5 T1me course o
T

RETREI -'_."-:1' In V'lt‘l‘O transtation as’ a function of ttme was invest1 gated to
ensure that re1'“mt1at1on of trans]atmn occurs and to determme an \
approprlate 1ncubat1on t'lme.‘ Reimt‘iatwn of trans]atwn 1s a feature O

SR :{.‘ of a good 1n 01tro trans]atmn assay and 1s necessary for obtaimng

" reasonabTe quant1t1es of ragmactweTy labeTed product ‘If‘ the
: average trans]ation rate 1s 10 am1 no ac1d§\ per second, or 600 am1 no
_ ;;&‘\;' * k - I O o ‘:
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1gure 9'
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*ami no acid w&s L-»EaHJ'IeuC'lne, '"Each pomt 1s the average of two 5 uL

tota'l cpm. L A

average stunulated cpm Estimu'lated cpm

..-;~ .y

.

ba

ckground cpm:l) : (o A expemment»-usjng no heparin durmg po]ysomg

)

‘. »
. ..,

pre-ln_cubat'lon of the wheaq germ,. ,,_ xper1ment usnw heparm

Tim ..,

R e iad

‘

._'::,: " -durmg}po‘lysome 1solatwn., no EDTA present whﬂe solub111z1ng the

g
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ac1ds per m1nute and '.If no. rei 1t1 at1on of prote1n syntheﬂs OCcurs, ‘
the" "° 519’“ ﬂcant fncorporation of. radloactwe amino ac1ds woudd ‘ ..'.':'
. occur after 5 m1n a t1 sufﬁcient.for s_inthes1s pf a protem of UPTN

'. M 00 000 'l'f" the M of the ayerage ammov’;cid ¥s.100. However,

1t 1s clear from the resuIts (rigure 10) that re1n1t1at1on of

T T s - N _'v‘
“.':_,L ' b

1ncreases for. at 1east 60 min at 25°C These two, experiments a1so . W
i demonstrate, as prekusly noted (F1gure 9) that the presence of .,4 :
\ s heparm dur1 ng’ tﬁe iso]ation ?f po]ysomes, the lack of 1ncubat1on of‘ N e .
,, ' the master m1 x-wheat germ S 30 extract-water mixture pr1or o the ';:' :
E :."5,,"? , add1t10n of the rad1 oactive amino acids and po]ysomes, and the
r AR absence of EDTA whﬂe so'lub11 zing the, po'lysomes do not hinder the
gr\’ - \t}ranslat1on : In fact the 1atter trans1at1on 1s s1gn1f1cant1y : :
h better than the trans]ation perfermed w1th polysomes 1so]ated 1n the '
absence of heparin, solubﬂized 1n the presence of EDTA, and RN ‘."
:gi : """L‘trans1ated wrth a: pre-1hcuba ted master m1x-wheat genn S-BO extract- ,'. H
‘:{-:' ' _f_.water m1xture.: l.‘For signlﬁcance at the 99 9% conﬁdence 1eve1 w1th . ' -_
; - 34 d f t > 3. 36 A Student st test of the regresswn coefﬁ cients
% : P 'of the pOWer curve regresswrf resu]ted 1n t 7. 39] .9' S : _;.‘
- "\ =y --','-.~"‘_ c - 3 1 2 6 Denpnstration of qu 1ength Eo1ypept1des '. '* L
é‘ '— g In any 1n vitro trans]atwn system 1t 1s 1mportant to have both e
g eff1c1ent ’cr‘anslatwn of fu]]-length po1ypept1des (a low 'leye] of
g _f premature1y tenmnat1 ng pept1 des) and a h1 gh ]eve1 of re1n1t1at1onl
1? : - of trans]atwn,, The 1atter has a1ready been demonstrated (F1gure 10) g :
B TN, The presence of full 1en9th Polypepﬂdes was demonstrated by usmg j.< R
| Laemnh (1970) SDS ge'ls and autof'luorography. F1gure 11 15 a @
. . FOR TN &
S , ' : ~ } SR

trans1at1on probably does occur, since TCA. prec1 p1tab1e radﬁoact1v1ty

P
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every 5 mm. Each po-mt 1s the average of two 5 uL samp'l es{fr‘om the

‘i MR B
2o 4 I k.

]1nes to a power

R

_expemment without heparln--durmg po1ysome 1solat1on w1th

experiment usfhg heparm during polysomehsola%ion,

...., .- -";..-'

o,. TA present whﬂe so]ulnhzmg the polysomes, and no pre-int:ubation =

LPES .- ya.

wheaf germ) The radwactwe am‘lno ac1d was L [3H2|1euc1ne.

.-..: ....-4..~ .?‘

f t.. v .
"’.‘

hé

Uédng Stude’nts..t test I j:he two 11nes were"found to diffe

'

& s =
O s

"_- signiﬁcant]y at the 99 9‘% conf‘ldence level
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C co]4~- -‘Hgmbosomal_protea ns, 1n v1tro translatmn endogenous (wheat

germ 5 30 extract) pmteﬁ'% and in vﬂ:ro trans’l atmn pr-oducts

Numbering the s1ots from 1eft to r1ght s'lots 1 and 5 have E coh ,;.,
[3H2lr1bosoma1 ﬂ“rotems (g1 ft from S Dowsett) s'lots 2 8y and 9 havef £

éndogenous wheat germ (no Kded po]ysomes) trans'lated w1th L l', H]am‘i no
ac1d mmﬁ”e s]ots 3 and 7 have po]ysomes trans'lated

ac1d m1xture, slot 4 has polysomes trans1 ated w1th L IZ35$]meth1onine-"

slot 10 has L [3H11euc1ne 'and s‘lot 6 1s fr‘om another expemment" L

1°ch L E H]am1no.‘::'_.' i
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‘ o photograph ‘of a ge] sta1ned pr1or to autof]uorography, shOW1ng that
. ’ good separat1on of proteins oceurs. in the nn]ecular weight range -of
3 R interest (r1bosoma1 and hlstonﬁxpheteins) the ‘stained “in vitro
¥ -ﬁ‘ translation proteins" are primari]y those- present in' the wheat germ

S 30 fract1on.- Adtof1uorography, (Figuresklz and 13), shows that

, 'fﬂ there 1s awTow 1eve1 of trans1at1on of wheat germ coded prote1ns

3 1 2 7 Pre-1ncubat10n of wheat germ S 30 fract1on :

An-expernment was performed to detenm1ne 1f 1ncubat10n of the

¥
T . ¢
L o assay prior to the add1t1on of rad1oact1ve amino ac1ds and

po1ysomes (temp]ate) was effect1ve 1n reduc1ng the background

P £ Sttt 2 N

R translat1on of endogenous mRNAs present in the wheat germ fraction.
’ -30 fract1on 1s not necessary, and. it may in.fact h1nder translat1on

T of rat 11Ver po]ysomes..
a

/'y

S1m11ar f1nd1ngs are shown in f1gures ‘9 and
Ln\al] subsequent exper1ments the wheat germ portaon of the
”;: -, assay Was ot 1ncubated pr10r to the addition of- po]ysomes

3.1, 2 8 Rad1oact1v1ty in nascent pept1des

) To ensure that the maJorfty of 1ncorporated rad1oact1v1ty was
'5f;}?-j . I_ pre§Ent 1n fuﬁ1 1ength peptldes, rather.than in nascent pept1des an
I ‘E; attempt was made to- determlne the proportlon'of counts present in

' : nascent peptldes and therefore not detected hy the techn1ques used
.“;:,5ﬁo,;i;;.~ -f’ for measur1ng anorporated rad10act1v1ty To re]ease nascent
:,~ ufﬁat;u.' pept1des the translat1on system cou]d be 1ncubated with,

s lz,lz.-', rlbonuclease T1 and r1bonuc1ease A or. w1th puromyc1n prior to TCA

. . e e . ,'. ) ' . .
‘1_'.\. R ©a . “ e . o S .. :
Noowiges L T R e 93 -
o . BN -~ . : . R P
- Lt e . ' S . . .. 4

- : .
A . .
. 2

d1screte polypept1des of al] 1engths are beﬂng synthes1zed. and that;

Lo e oy master m1x-wheat germ S=- 30 fract1on water port1on of the trans]at1on :

The resu]ts {figure 14) suggest that’ pre 1ncubat1on of the wheat germ -

o el e T
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| F1gure 12 Autof1unrograph of Laemm11 SDS gel demonstrat1ng E
1ength of in yitre translation products Numbering the s]ots fnom
left to right, slots 1 and 5 have [3H]§J ggll_rjbosoma1 prote1ns
(gift from S, Dohsett); slots 2, 8, and 9'hdve‘enddgenous wheat. gefm
-(no added polysomes ) translated W1th L- [3H]am1no acid m1xture slots
3 and 7 have po1ysomes transiated with L- [3HJam1n0 acid m1xture,

slot 4 has polysomes trans]ated with L- [ S]methlonlne, -s1ot 10 has

- [3li]leuc1ne, and slot 6 is: from another experlment The contents ~

of one trans]at1on assay were apn]ied to each of s]ots 2, 3 4 7, 8 4

and 9. The autof]uorograph is of the sta1ned ge] of F1gure 11.
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F1gure 13 Autoﬂuorograph of LaemmH SDé ge] of m v1tro translated ' '
protems. S1ot i has L C3H]1euc1ne s]ot b has E. coh [3H]r'1bosoma1 & .
'protems (g1ft from S Dowsett), slot c has endogenous wheat germ (no "
added po]ysomes) translated w1th L [3HJam1no ac1d m1xture s]ot d has A
po]ysomes transTated mth L [ H]ammo acid mxture, slot e has S =

35,

endogenous wheat germ trans1ated mth L- E S]methwmne, andcs]ot f

has po1ysomes trans]ated w'lth L- I:35$]meth1omne. The contents of one -

tr'ans]atwn assay were apphed to each of s]ots c d, e, and f A]‘]_:}_"

the s1ots were run s1mu1taneously on s1ab qe]s. T ;'




TRANSLATED PROTEINS

a b ¢ d e f
ol |

- 97 -

v




19ure 14
L- .BHJam'I no acid mixtm'

a
teer
A
PPN

-
ke

oo

b

Y

'incubated (A) méster mix wheat gem S 30 f'rac

TS

EaTTgh

K4

e by different qu

the average of-'two 20 uL ah.q

\.

ant1 ties of

ti on-water‘




K “BREINC

UBATION .

Lk

SAMP

cou’ ppme—m

L0 S
.. e

TR

L et
yarleimy
PN

vds

-t




.. . . . .-_ o ,‘ ’ SN .

SR PrEC‘P1tat1°"-- TWO Exneriments uSing incubatiOn with puromycin
f 3 were performed After trans]ation the assays were poo1ed h f”i:'q

E:_,xfj}‘éid;igg': pooled mix was split in half and 0 01, voiume of 10 mM puromyCin fi'A

ﬁfff*f:'i'irﬁ“' was added to one ha]f The half was then incubated at 0°C for

- «tfgszf; 15 min fo1lowed by incubation at 37°C for 30 min prior to TCA

‘ PVEC1P1tation.“ If a significant amount of radioactive amino aCids

‘

were present as nascent peptides, TCA preCipitable radibactivity

No such increase was observed (Tabie 1)

CUE 20 Quantityof mwa '. --1’43.--3

D

:~n;j:3.<3_2;;;131’; when trans]ation (incorporation of radioactive amino aCids) is

S examined as a function of mRNA present there is an optimum quantity

N ‘321{__if of mRNA for maXimal trans]ation and that mRNA present in: excess of
f7:1p75"f¢}.3:'{7j this optimum frequent]y resuits in equa1 °T 1ower 1evels of *4 f'
' translation. Throughout the preliminary characterization of the

1f11;:§-'¥;}ffi;iﬁl vitrd’translation system, I attempted to determine or exceed the ;5

“715 optimum quantity of po]ysomes. A]thOUQh polysome-Buffer K mixtures

7}*hav1ng A260 as high as 1, 6 per 20 uL were used the system was not

.'\

saturated and maximum rates of amino acid incorporation were not

achieved »ujril.‘f»“j‘ffif}rlg}”jfffsz,'g;}i“;q; o “I

/3. 1 3 CM—ce]]ulose binding “f,"_ﬂ.Lyﬁ,‘_@;-,ﬂ;'ff;af.jff
BaSic proteins were defined as those proteins which bind to

carboxymethyl-celluiose (CM—cel]ulose) in 10 mM Tris, pH 7 5 at

was tested by attempting to bind lysozyme, a baSic protein bovine

serum albumin (BSA); a nonbaSic protein, a- 1ysozyme—BSA mixture and, B

room temperature (Buffer L) The appropriateness of this definition ylﬂaﬁ R
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a "
Povsen: 2

4 expe ri ment

b, SR,

s

Experimént 1‘-used [3yJ ) :

,j‘whﬂe ‘experiment 2. used [ ]Lys1 ne.’. ue. in experiment 1

o is the average of .four:10; ;L samp'les"-whﬂe ‘each value in’ exper1ment
1245 'the average of -three 10: 4L samples.: Both. experiments. had. °
,heparin :present -during .polysomé: isalation; lacked-EDTA: 1in Buffer G

"used for: solubﬂizing ‘-the po1ysomes,'-~and had no pre-incubation of

the-wheat germ..




R cond1t1ons/* ‘
Q 3130 General efficacy

tested us1ng 1ysozyme and BSAh, As shown 1n F1gure 15, CM ce11u1ose
b1pds 1ysozyme eff1c1ently, has a low nonspec1f1c b1nd1ng of BSA, ﬂ‘.i agtu;:r;rlif f=l.
"'.jand 15 capablelof separ§t1ng Jysozyme from BSA The co]umn was \:/;53' "3

~3fjﬁcapab1e of b1nd1ng at 1east 10 A230 (1. mL Tiem path length

et "'{150 2 mm sl1t w1dth [Beckman mode] 24 siectrophotometer]) of prote,h'

A?Lwh1ch 1s f1ve t1mes the ant1c1pated m ximum protein to be app11ed. -"

'~\
»

3 1 3 2 R1boso§gl proteins f}f;f._i;x:;§i

Because the 1n1t1a1 purpose of the project was to exam1ne the--f
lsynthe51s of r1bosoma1 prote1ns many of wh1ch are basic, the b1nd1hg'f s
'Aﬂg;of r1bosomal prote1ns to CM-ce]]ulose nder the exper1menta1 ?“-f'.“
'-x'cond1t1ons was detenm1ned A typ1ca1 b1nd1ng prof11e 1s shown 1n

.n:F1gure 16 Three experlments showed t at 67 + 6% of tota] r1bosoma1u

‘-.lffprote1ns bind to CM ce]]ulose under th exper1menta1 cond1t10ns~

‘ 3 1 3 3 In v1tro translat1on'produets i':?gif :ft.x

-3,

The ab1l1%y of CM—cel1u1ose to reio]ve bas1c and nonbas1c

PR e o Tl e PR P AT
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Figure 15 Eff1cacy of CM ceT]ulose binding. In separate expeviments,'zin"

a]one, apd 0 a ﬂysozyme-BSA (each 10 mg/mk) m1xture were app]1ed ta_,

CM ce]lu]ose co]umns. E]ut1on Buffer M was app11ed as 1nd1cated by
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f_l_g_lM Deterﬁﬂnation of CM-ce'lTu]os

T gt R .

ribosomal prote1 ns 38

[

' .

were co'l'lect id E'Iutwn comnen

26A

.

e b'mding component pf

280 umts ribosoma] protews

1 mL fractions

ced at fraction 13.,
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:Figure*17 : Déterminatfdn»of CM-célTuTosé abﬁl%ty to fractionate - . . = -
C i

l__v1trp trans]ated and labeled proteins. Trans1at1on assays, in

b1nd1ng Buffer L, were applied to the column and fract1ons were

col]ected. Elution conmenced at the arrow, This elution prof11e S n

IS of prote1ns trans]ated by~po1ysomes of a 6 h regenerat1ng Tiver, .,

n'.k..; . . .
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- N Note the 1ogar1thm1c scale:
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3.2 Some rat liver macromolecu]ar.changes fo]]owing'partial

hepatectomy
Several adpects of mRNA synthesis foIIOW1ng part1§1 hepatectomy

A I

cledio,

e gt s

© were exam1ned

.,- o 3 2 1. Amount of hRNA present ' . . ,
: Tt is we11-accepted that the rate of prote1n synthes1s 1n the
res1dua1 11ver t1ssue 1ncreases ear]y after partIaI hepatectomy 'fﬁ_f f?.”;'

'3)~(Bucher and Ma1t 1971 Lewan et a1 1977) Th1s 1ncrease may be a

15‘7\&*:

'Tconsequence of an 1ncrease 1n the rate of re1n1t1ation of translat1on

:';or of an 1ncrease 1n both the amount of mRNA and r1bosomes ava11ab1e f{'ﬂ'ifﬁfaf= g

a’,

:for part1c1pat1on 1n transiat1on The quant1ty of mRNA and r1bosomes

"L

--active in translat1on measured as’ AZGO polysomes present per g

regenerat1ng 11ver was 1nvest1gated as a funct1on ef t1me fb]low1ng

- R, " L.
L e St F A AT AT o SR LTy i el 2 e et

""partial hepatectomy w1th1n each of 9 thters of rats The unprocessed PR
:idata (Append1x A) 1nd1cate that the quant1ty of mRNA per g regenerat1ng

‘:11ver 1ncreases qg;ly fo110W1ng partia] hepatectomy, this 1ncrease 1s

F

»,_manwfest w1thin 2 h postoperat1ve1y and lasts more* than 10 h, The

" e

-,unprocessed data aﬂso suggest.that the quant1ty of mRNA per g '

- — e : '. .. . PR .
SELTL .
P e i e e e e A BN

-

": regeneratlng 11ver reaches a p]ateau pr1or to 10 h of regeneratlon. ‘:f; o
-+ " The data were ana]yzed by determ1n1ng-the coeff1c1ents of -

,_‘cornelat1on of A regress1on mode1s [llnear (y=a+ bx) parabo11c
‘bx)

(y = a 4 bx + cx2), power (y ax ), exponent]al (y .
logar1thm1c ( a ¥ blnx) hyperbo]ic (y ar- b/x) and 11near (var)‘ﬁzai::
'i; f' 2 R 5(1/y a + bx)] Exam1nat1on of-the rank1ngs of these coeff1c1ents B

| | :~. of correlat1on suggested‘that the data w1th1n each 11tter are best

Lo ;f'character1zed hy a power mode1 or a parab011c mddel HoweVer, v1sua1

Y 4

e_.. " 109 . «

A T B . .- Lo N PN
S ‘. o oo c e >
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. %canrﬁnation of the data with the power and parabolic regréss‘ion
"Tines indicated that the latter more accurately descr'ibes the
situation B1o1og1ca11_y, th1s descri pt1on is- reassur1ng, because,

| -
LR mathematmally, the~parabo]1°c mode} allows an _increase, a peak, and
ke :

a decrease fn.the va]ue of\the dependent var1ab1e The parabohc .
o | . .'A.regression curves from each 11tter are shown 1n Flgure 18 parameters
e ; o ""are 1n Append1x B The average time of max1mal A260 po]ysomes/g 11ver

| -:._"'.-Vwas found to be 7. 4 h, and a Student s t test showed that the amount

o B :,"_.,{of polysomes present at 10 h was stﬂI sigmﬁcant]y greater than the

K :,3pre-operat1ve amount (t 11 6, 14 d f )

ot e

3 2 2 Trans1atab111ty of mRNA ’? .,‘ K
r From t1me to t1me 1t has been suggested a‘lthough not 2 )
o demonstrated that the apparent 1ncrease in: mRNA trans1at1on in . .- ) ,
‘_’:l;.".}- A R rapldly gr‘owmg ceHs ma.y be the result of : an mcreased 1mt1at10n PR -
P = “of - trans]atwn or of an 1ncreased rate’ of trans]atlon re]at1 ve to that N ;
: ‘. e present 1n restmg cells. Prehminary observations ‘were made to test

the vahd‘ity of th1s hypothes1s w1th respect to polysomes m

N regeneratmg 11Ver, by exammmg tota] radioact1v1ty 1ncorporated in ;f- '

———

‘ '60 rmn (durmg m V1tro trans1at1on) per mRNA nuc1edt~1de present (AZGO-
po1ysomes) as a funct1on of postoperatwe time.' More deffin1t1ve ‘
e conc1us1ons w0u1d requ1re detenmnatmn of rad1oact1v1 ty mcorporated
“- at d1screte, 1ntermed1ate t1me pomts durmg trans]atwn o a a o
On a 11tter by 11tter bas1s the unprocessed data (Append1x C), ‘
suggest a pos1t1ve re1at1onsh1p between t1me fo]]om ng part1a1 PR o

hepatectomy and rad1oact1 vity 1ncorporated per mRNA nuc1e0t1de,

) durl ng 1n vitro trans1at1 on. Exam1 nation of the rank1 ngs of the AR S
' . . ~:‘ ‘ .": ~‘ . ; . ": ‘ N : ‘ .\.: ' '
' ' T i




L I .
aee” v R
o }' .,
] RN
- . “ N
- .. e
Jpil o

IR

hepatectomy was fomd to be hest desc¥15§a

by the parabola (_y = a + bx + cxz) r'egr'ession curves shown.
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coeff'l cients of corr-elat1on suggested that this r‘elationSh'lp fonow5a

thel general model \for ‘a parabola (y = a + bx + cx2) An equ1va1 ent

ol

ana]ysn 1s not poss1b1e utﬂ'lzing a]] the data, because ‘although the
'_ s.peci f1c act1 v1 ty of the = E35S]neth1om ne used was constant m thin a
: htter-, 1t was not 1dent1ca1 between 11tters due to the short half

‘- b -a

11fe of 358 (87 d), the s1gn1 ficant rates of oxidatmn and'decommos1t10n

of. L‘-E‘?SS]methwd n ,to meth'lonine su1fox1de an;ql methion'lne.su1fone,‘ S

R AIRAE

: t,at‘.not a.1 fme.1,nterva1 were representedei thin eath 11tter.
: In addition,' _the size of theff et hj o)

B ,.. i

L [3_553met‘|;ion:ne u:.ed for in vitro

" .v

'I"

contn'lni ng exogenous mRNA d1 v1 ded by the 1ncorporation of radioa‘ctmty

I ..o

n the assay conta1nin§ no added mﬁil\ (Appendix D). ,These caTculated )

‘r-- 4

\

data provide no ev1dence for the~ orésence of an -’active trans]atl on

v 3 x.: B

sthm'latmg OJ" 1nh1b1t1ng factor associated w1th the poly;omes

" "stimu'lation" (of trans]at'ion) per‘ AZEO .polysomes as a' funqt10n ’of &

postoperatwe t1me shows that agam the parahof'lc model can hest

,.-\ "--

parameters are 1n:'-,'




translaﬂon/A

i

ZGO polysomes

:stimulaﬁon of

.‘«,. [T s

of trarislatwn,,aS}& function-~of t-ime fol]pwinq part1a1 hepatectomy

L was foun

regresswn =

L .-|

g

gerte rat

1.

urves shown

Ry

d to be be§3t .char-acteri zed by the -paraboTa. (‘y' =4 + b f'l-»‘cx.z')_

f iy Ve

Each--curve‘.'epresents ’che funct on
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~Appendix E, i)'unhétt"s~test indicates' ’tha't at none. of ‘the times

‘ observed 1s st1mu1at10n signi f1cant1y greater at the 95% 1eve1

than the pre-operatwe stimu'lation. Thus, an ada’lys1s of

s1:1mu1at'i'on/}%260 po1ysomes at d1fferent t1mes foHowing part1a1

. ‘hepatectomy suggests that the operat'l on. does not affect the rate or

. :".frequenc_y of translatwn of the mRNA present The analys1s also

L f‘,ﬂ‘1nd1cates that the ex1 stence’bf an actwe po]ysome assoc1ated, , ;7 o R

e

trans]atwn lnﬂuenc1 ng factor 1s unhke1y.

. 3 2 3 Synthes1s of basic protems

‘_.,'.These stud1es were designed to deternn ne 1f the proport1on of ,";."-5-‘-'.

bas1c (CM~ce1lulose b1nd1ng) protems being tran51 ated changes as a

functwn of t1me foﬂom ng part1a1 hepatectomy., Regresswn ana'lyses

. of the proportmn of protems bound to CM-ceHulose as a: funchon of

postoperatwe tme (unpmcessed data Append1x F) suggests that there
e T 1s no* gOOd re1at1ve1y swmpie mode] of ‘the resu1ts obtamed
".", T (F1gure 20) However, there 1s ‘an 1ncrease 1n the proportwn of -
| L CM-ceHu'lose bmding prote1hs w1th t1me fo1‘low1ng part1a1 hepatectomy.;p-'l .
Use of Student s t test showed that the proportion of: bas1c |

: :"’.', protems trans]ated from pre-operat1 ve po] ysomes does not d1 ffer

s1gn1f1cant1y from that of contro1 po'lysomes (t 0 15 5 d f)

TR A’; but does d1ffercat the 90% conﬁdence Ievel (t 2 6 5 d 1. ) from

: : _{%;t; 1 the proportwn of bas1c prote1 ns trans]ated from 10 h regenerating N f

hver po1ysomes.. (Total conﬁdence 1eve1 0 9 X 0 9 0, 81) Thus,_.;-',

S ™ these resu]ts suggest that ther:e is an 1ncrease 1n the synthesis of

basn proteins foﬂomng part1a1 hepatectomy, and that the peak of B

"

R T AT M oo e o
B B h

T

th']s 1ncrease does not occur, prwr to 10h of regeneratwn
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iy was trans1ated 1n the wheat germ, ceH free system.

-one-thwd of the m1xture was passed oVer each of 3- CM-ce"I'lquse‘ X

sok
ARIUR N

'."assays, contai n1ng radfoacti~ve1y labeled products, were combtned-- and

- Pe e

‘- attnbutable to poor* reprodumbthty of the techmque.' Nonethe] ess, "

R

To detenm ne the variabﬂtty of the b1 nd1ng of the translated

3

prote1 ns' to CM-ce11u1ose and thus estabHsh the si gmﬁcance of the"

re'sults obtained the foll’ﬁmng expenment was per'fonned A 1arge

number of po]ysomes from the same source (a group of normal rats)

f

:--These transl ation

J\::'..: '."_ F17

.'-

:t._,

cb]umns. The proportwn of CM-cel'lu'lose b1nd1ng radioactwity on

,}='A1 though the \)artatipn 'of up to 25% of the average va1 ue obtained

AN n'

1n th'l.s ]1m1ted system may be 1mportant when'abso'1 ute va'lues are smaﬂ

as 1n this case, the coefftcient of variation of these data (0 19) 1s

-,., e

of the same order of magnitude as ‘that for" the data reported by Hackett
(1978) (0 15)

et al

Thus ," the scatter evident 'm Figure 20 15 not

b
Wl f R 3
on! & R

the overaﬂ pattern suggests that the synthesis of basic pmtetns
1ncreases dUr1 ng. the first 10 h fo1 1ow1ng partia'l hepatectomy _ The

..... "‘ g .

observed varj abﬂity of - ﬂ‘e System. as| shown i F'lgure 20 may a]so A .

o

reflect the 1nf1uence of ‘1nd1v1dua1 metabo'l'lc Var'l at1ons. ci‘rcad'lan i -

53 ~ ,u, -——.
ST g =
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i : number of‘ d1stmct peaks vis1b1e by absorbance after' centr1 fugatwn
' through a sucrose grad1ent, 1s comparab1e to the best pubh shed

reSu]ts I haVe seen (Ramsey and Stee]e 1976)

As ant1 cipated ‘from

R RN

' f-_i:'.."':.'ﬁ"., e L' supernatant 1ncreased Because the ceH free trans'l ation s_ystem
‘ e pr'epared from wheat germ and usmg po]ysomes 1nstead of pLLI"'I ﬂed

mRNA as temp]ate results 1n acceptab]e 1evels of st1mulat1on (Up to

Y * B - vy .

"-t':' :‘ 250 t1mes) 'its USe el 1m1nbtes the tgme and reagents requ1 red for

1sol at1ng undegraded mRNA from polysomes.,

umt we1 ght of 11 ver three assumptwns should be kept in mmd

; ] : 1) flu1d 1oss, 1f any, during hypertrophy does not artlfactuaﬂy s

decrease the 11ver we1 ght 1

S . ‘-.,-. ‘0
.- . B

- ) 'l1ver we1 ght dur'1 ng othe ﬁrst 10 h oﬁ regeneratwn, 2) the number 0f

4~ 1 1nd1ng “ IR T

the known 1ncrease ln 11pid conteht early dur1 hg ,we.r regenerati'on

(Bucher and Ma]t 1971, Becker 1974), the Hvers were observed to be .

. P R
when 1nterpret1ng the data for the amount of mRNA present pef; '. G

'u'- 3 A-ﬂ';‘,_

e.,there 1s no signiﬁcant decrease 1n ;

‘,-.‘-__ .3_.-‘::'. The quath“crf rat 11ver po]ysomes tsolated, as measur-ed by the‘:"_,li:l”.'- ;' ‘

i
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translated, and 3) the volume of modified Buffer H added.to. the

e 0

& LT

©
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po1ysomes, for solubilization prior to translation, equaled tiwice the

pellet volume, i. e. di]ution'factors'were accurately calculated.

Fensern )
>

As stated in the Resu1ts section 3.2.1, the dependent variable .

‘being. examined is. "A260 po]ysomes/g 11ver" An increase in the-

value of the dependent variable would occur 1f the ]1ver we1ght

e AL el

ER - - decreased or if the' observed A260 polysomes 1ncreased The former :

wou]d occur if assumpt1on 1) were 1n error, and the 1atter m1ght

P

“oceur if assumptlon 2) or 3) were in error Ana]ogous]y, the va1ue
of the dependent variab]e wou]d decrease if the 11ver weight '
1ncreased or 1f the A260 po]ysomes ﬁecreased Because hyperp]as1a

is not observed until-at least-14 h postoperat1ve1y (Leduc 1964,

. - . “ . .
AT T g By b I e ey g 1 T
Y

Bucher and, Malt 1971, Fausto et’al. 1975 Co]bert et al. 1977), -
a. sdgnificant change'in.11ver §Z1ght seems un]1ke1y A decrease
in the A260 polysomes observed might oceur ff aSsumpt1on 2) or 3)

ntre incorrect. Thene appears to be a consensus that the tota1
i: +
numher- of"; r1bosomes 1bvo]ved in trans]at1on accurately reflects the‘ °
'K . ' T § .
. ) . amount of mRNA be1ng trans1ated Nonetheless, any errors in these
@ v

:

° o assumpt1ons do not exp]a1n the qiffErende 1n quant1ty of mRNA, as
| ?, . measure% by Aséo polysomes, observed betwequpre-operat1Ve andd
: » contro] polysomes. P ' .
'Tén‘.1" ~ﬁ‘ “ The-average observed t1me of max1ma] A260 po1ysomes/g N
;E;‘-;T\";. o am regeneratlng rat 11ver 15 7.4 h This t1me is in good agreement with t]"“
.5Jﬂ €{-h';' “ the fo]]ow1ng pub11shed observatlons 1) the maximum 1ncrease in . ‘«‘

¢ temp]ate_actlvjty observed by ﬁwang.gt_gl (1974) oceurs at 6 to
. ' . . .:‘~I... . A . " .} ) } 7 - o f_'

o
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8 h; 2) maximum incorporation of E5-3HJorot1c acid into HnRNA of . ." !
parenchymal cells occurs at 6 h postoperatively (G]azer 1914&; 3) - ‘
) increased transport of nuclear po]y(A) RNA; presumahly mRNA or mRNA _ ';n‘ i
precursors to the cytoplasm takes place during the first 12 h of: ST . '}
' liver regenerat1on (Greene and Fausto 1974, Fausto et al 1976, , T
: E . Co]bert et al. 1977 Fausto et al. 1977 Glazer 1977 Greene and
. ‘ o Fausto 1977, Kr1eg et. al 1979) 4) Smal ko and P]atonov report o
max1ma1 1ncorporat1on of E14C]orot1c aC1d 1nto polysomes ( RNA p]us

i‘t . ;‘f mRNA) (&nal ko’ and P]atonov 1977a) and max1ma1 appearance 1n the"'

s e, 2 4

. : cytoplasm of 1nformat1ona1 RNA (mRNA) (Smal‘ko and Platonov 1977b)

e
-

between 6 and 12 h after partial hepatectomy,_§) Atryzek and Fausto

e

(1979) report max1ma1 cytop]asm1c and po]ysoma1 po1y( ). :RNA . and a
“maximal polysomal po1y(A) RNA to cytbplasm1é po1y(A) RNA ratio N
betvieen & and 12 h of regenerat1on, and '6) Co]bert et al. (1977)“ E
observe that 12 h regenerat1ng 11ver has approx1mate1y 20% more
o1y(A) mRNA mo1ecu1es per cell than the 11ver ce1ls of sham
operated rats. ] ?- i ¢ f7' ' . L - . ,
A second set of assumptxons shou]d be kept in mind when - ; Do “'?@7.
_exannn1ng the unprocessed translatab111ty of mRNA data (Appendix.c) ;j ‘:1 ‘V';;i

1) the number of mRNA nuc]eot1des per rlbosomeldoes not change N : :_i‘

matp bty WA DA PTIRAETI s el L
Y A .

sign1f1cant1y dur1ng the time per1od exam1ned 2). the amount of

rad1oact1V1ty 1ncorporated during in V1tro trans1at1on is proportlonal ? - !

R

" to the frequency of 1n1t1at10n of translat1on, i. e. the aVerage rate e . ;
. of 1n1t1at1on of translation of the mRNAs of 1nterest ls equal o the K 2

£ ; average rate of 1n1t1at1on for all the 1solated mRNAs, and 3) the rate

‘of elongat1on 1s 1ndependentxof the protein encoded by the mRNA :’ .
| L;“il: P 122 = o ; ,
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purified mRNA preparat1ons.s
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cUrrent thinking (1979) suggests that the first assumption is
probably correct, i. e MRNAs be1ng.translated may have a constant

or maximal number of ribosomes associated with them; the second.may

" be valid 1 the proteins'whose translation is belng compared have

Ta s1m1lar sto1ch1ometry w1th respect to the rad1oact1ve amino ac1d

and the thlrd 1s vallﬂ

;Tfthat the A260 of the polysome fraction is. an accurate measure of the'?vf

"'ﬂquant1ty of mRNA present ”.;'Q_ﬁTJ -},f"~2:f'{%;f.};.»<"f

~ The’ results relatlng‘to st1mulat1on of translat1on are j!}ﬁf DI

rthe mRNA 1tself may regulate the 1n1t1ation frequency or the rate of

translat1on, although a translation 1nfernc1ng factor(s may be ;"

assoc1ated yith ‘the mRNA ' Thus, if.there .is either a polypeptide or

”a nonpolypept1de factor which 1nfluences the 1n1t1at1on frequency or fj~
'_the rate of translat1on, it would be expected to. be more act1ve or

‘ ;.apparent in the polysome preparatron used than in the standard

However, these data provide no dlrect“'v

eV1dence of* such a factor Further experlments and more detailed

"stat1st1cal analys1s would be requ1red to’ determ1ne 1f there may be a
nrelat1onsh1p between the height and’ t1me of the peaks of st1mulat1onof i-'

ftranslat1on or. 1f the area under these curves approaches a constant S

Perhaps the most s1gn1f1cant f1nd1ng was the s1ze of the

) d1f¥erence 1n the proport1on of. ba51c prote1ns synthes1zed in.

'-the controlled rap1d growth of regenerating l1ver compared w1th

that in an uncontrolled exponentially growing Ehrllch asc1tes tumor

cell culture.

The proport1on of act1vely synthes1zed basrc protewns_}

I'"

"...;,74123 Lo

In these. analyses, 1t has also been assumed,,"' h

To date (1979), there 1s no ev1dence that some aspect offl}'?fsf '




.

ina 10 h regenerattng liver cell, 0.9?%,‘1s,about four times the
proportion in a normal liver cell, 0. 23% (Appendix F). Honever, '
the proport1on of bas1c proteins synthes1zed by Ehr11ch asc1tes

' tumor cells during exponent1a1 growth, 13 + 2% (Hackett et al 1973)

' 15 approx1mately 55 t1mes the proport1on of bas1c prote1ns _' - @ﬂ

fsynthes1zed by qu1escent rat 11ver cel]s and approx1mately 13 t1nns . :5‘

KR
R R

o ihe proportaon synthes1zed by 10 h regenerat1ng 11ver ce]ls

Th1s contrast may 1nd1cate a d1fference 1n the re]atlve .f; ‘

"vfabundance of spec1f1c proteins in the two ce]] tyPes» SUCh a’

""d1fference cou1d ex1st due to the extens1ve range of metabol1c

i e

'_';'functions present in the l1ver, 1nclud1ng productlon of some proteinsa L

- and other su%ftances for non]iver ce11s and procesang of some

prote1n5 and wastes of extra11ver or1g1n' ‘, Tiver. cells must_ .
’~:carry out many more types of processes than do Ehr]ich aSCIteS .
tumor ce1ls In add1t1on, r1bosoma1 prote1ns compr1se at most 5% .
of total 11ver prote1n (Maden '1971). and tend to have low turnoverﬁ _
-'rates . 5 . . ;ﬁ o .,,3. . 1' | ' ‘

' Because'the synthes1s of nuclear DNA-assoc1ated h1stones 1s
11m1ted dur1ng the first 10 to 12 h of llver'regenerat1on (Taka1
‘et al. 1968 Orlova and Rod1onov 1970 Gut1errez Cernosek and

_ Hnillca 1971 Smlrnova and Rodaonov 1974), the maJor1ty of "
lllsynthesfzed bas1c proteins are—]akely to be r*bosoma] protetns

f f However, 1n an asynchronous equnent1a1]y grow1ng ce11 culture, N

~ih1stones are a1ways be1ng synthesized at an e1evated level Thus,:\}.,‘ :

'_1t 1s not surprls1ng that the synthes1s of. bas1c proteins in Up to f'.

;10 h regenerating rat 11ver 1s 1ess than 13% L } 3 _ ‘5“ PR

g ;- 124- Lo
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4 2 Further résearch B
4.2.1 Mod1f1cat1ons ‘of techn1que _ ‘ .

;.-and storage of po]ysome‘

7;1%9assay appear to be re1ia"e'and sat1sfactony' )

' :gfseveral mod1ficat1ons, some of wh1ch were 1nstituted dur1ng the o

.‘fbuffer 1nstead of the common]y used 1 mM Mg g pH 7. 6 buffer. gfhe:l:5"”

";fincubatvon of the Wheat germ S 30 fract1on pr1or -t translation

If the research reported here were to be cont1nued experimental

des1gn or technique m1ght be modified 1n order to 1ncrease

Jexper1menta1 accuracy and ease.. These 1tems wi]l be d1scussed w1th

-.-

fffrespect to the1r order 1n the protoc01 The methods for 1so1atuon %3}1:;ﬂ’¢;f22{f

;r1or to use 1n the 1n v1tro transTation"u

"{:ihe wheab germ 1n v1tro trans]atioh assay mwght be lmproved by-

K

ﬂ,course of these 1nvest1gat1ons. The preparat1on of the wheat germ

: S 30 fract1on resu]ts 1n 1arge amounts of some free amino acids'

their presence 1nh1b1ts the 1ncorporat1on of the correspond1ng ;5

radioact1ve am1no ac1ds Mezl (1981) has suggested the follow1ng

K procedure for m1n1m121ng the quant1ty of these free am1no ac1ds ;
Amore act1ve 1n v1tro translat1on system W1th 1ow endogenous act1v1ty t'f“ R

S is- obta1ned when the wheat germ 1s ground’1n a 15 mM- Mg s pH ‘6 3

',fgenerat1on of free am1no ac1ds during 1n v1tro trans1at1on can be
g m1n1m1zed by.us1ng on]y the early port1on of the turb1d fract1ons oo

‘feluted from the: Sephadeg G- 25 co]umn and by e11m1nat1ng the pre-'

'.'“'

f‘(Mezl 1981) USe of th1s protoco] may a]so m1n1m1ze the act1v1ty of

;'the endogenous, translation 1nh1b1t1ng prote1n character1zed by;!,ifl;;

Roberts and Stewart (1979) ' Th]S prote1n acts at a po]ypept1de o

e]ongat1on step and 1s also. associated w1th the wheat germ S-30,sf:;- S

R S --‘.'_&,1-.

azs e
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,dur1ng polysome 1so1at1on and thufabsence of EDTA:wh‘T”

'i’ﬂfiithe po1ysomes f0r trans]at1on 1s recommended f

: measured by AZGO’ per trans]at1on assay

R proport1on of. bas1c prote1ns, has severa1 negat1ve attributes.:.t”

ff'.When(exam1n1ng Ehr11ch ascltes tumor ce]1 mRNA 1n 1tgo trans]ation

.=

turbid fractions e1uted from a- Sephadex 3:25 co1Umn. - As reported in

Resu]ts section 3.1.2.7, pre—1ncubation of the wheat germ S- 30

: fract1on was found to be unnecessary for, and perhaps detrimental

to satisfactory st1mu1at1on of 1n v1tro trans]at1on.

Because the wheat germ in v1tro trans]at1onf&ssay 1s re]atlvely o
L sensit1ve to 1on1c strength, and polysone pr1med assays have not

"iuh«been extensive1y character1zed, 1t might be adv1sab1e to exam1ne:*'f'

ilthe effect of K concentration on trans]at1on. The use of hepar1n

so]ub11121ng'

No Opt1mum quantlty of polysomes for max1mal st1mu1at10n of

'

‘ trans]at1on assay (sect1on 3 1 2 9) However, 1t appeared that
- dur1ng some translat1ons of po]ysome-assoc1ated mRNA from regenerat1ng :
: 11ver, such,an opt1mum quantfty had been exceeded adverse1y affECt1ngﬂ'

' the results. Th1s posstble prob]em cou1d be obviated by attemptfng

tO‘determ1ne the quantlty of po]ysomes which fesults in. maximal

) 1ncorporat1on of TCA precxpltab]e radioact1v1ty dur1ng 1n v1tro l

"translat1on and by us1ng a constant quantaty of polySOmes, as . .’J‘

CM-ce]lu]ose, as used 1n these 1nvest1gat10ns to define the '}

o products, Hackett et a1 (1978) report that the bas1c fractlon, ‘

def1ned by binding to CM—ce11quse, contained 13 + 2% of recoverep

rad1oact1v1ty Because, in the present study, the average

L. oo oo, i L .t - R P
S " P . 126 - . o L. . Lo
. PR N N - - . B PV . .
" ’ . - ~ ¢

trans]ation was observed during the character1zat1on of the in v1tro‘¥'
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Ve : o ‘ proport1on of. bas1c radioactive polypept1des recovered from 1n v1tro” :'j

« . [ '

\regenerat1ng rat. 11ver polysome trans1ation products ranged only
, from 0.23 to 0 97% of recovered radioact1v1ty (Appendix F), )
.g ',s f:““'; ;:“variat1on of.+ 2% of tota] rad1oact1v1ty is: unacceptab]y 1arge. )
A” - 'H.Var1ab111ty 1n the prdport1on of prote1ns b1nd1ng to or e]ut1ng from u

CM~ce11u1ose was ver1f1ed in a 1]m1ted 1ndependent exper1ment,‘_n"-,7'{::f”"

3 ‘95t1me consum1ng to prepare;tnecaUSe pf the necessity of precyc11ng

‘and remov1ng f1nes, and of haV1ng 1ts votfme and f]ow rate :fﬁf"f

j”5s1gn1f1cant1y affected by the buffer S 1on1c strength. ;:4 }{f;ﬁké
jif' S { . 5-;1_necess1ty of def1n1ng bas1c1ty by b1nd1ng to CM—ce]]u]ose may be
. RS . - lﬂav01ded by use of another substrate or cr1ter10n For examp1e, k,-ﬁ*“'
3f;ﬂ.: “',~..I ftz‘ﬂ“;ﬁCM~b1oge1 might resu]t 1n better reproduc1b111ty of b1nd1ng of 3

bas1c translation products, and 1t has ne1ther of the ment1oned

[

negat1ve attr1butes of CM-ce]lulose."~

e T e N EEN . ‘) 3

N Lo g
A1ternat1ve1y, to nnfg;prec1se1y def1ne the actual translat1on

v

products polyacry1am1de gel e1ectrophores1s f011owed by

.':~ autof1uorography or by fract1onat1on and so]ub111zat1on of the‘gel‘
and 11qu1d sc1nt111at10n counthg m1ght be preferab1e However, :I.Pizu .

such B}ocedures WOuld have to take 1nto account a number of factors,

. /

¢1nc1ud1ng the poss1b111ty of some po]ypept1des preferent1ally enter1ng

or not enter1ng the ge1 preferent1a1 recoverab111ty of prote1ns

Y:'lfflgfﬁif;{. from the gel and the tlme ngcessary to measure thuﬁrad10act1V1ty -
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L

L in a large number of gel sl1ces._ The efficacy of any method

’ "7‘- SR chosen shoqu be tested us1ng tota1 r1bosoma1 prote1ns and h1stones

Any extens1ve characterization of the'L [3SS]methion1ne 1abe1ed ) Jy*

.'J-

L products of 1n v1tro trans]at1on shou]d also take 1nto account the. .

- . 3 . v'

p0351ble effects of post translat1ona1 ox1dat1on of the 1abe1ed }.'

amino ac1d on phys1ca1 and b10chem1ca1 propert1es of the poTypept1desJ:;Z",-

;A1though b1olog1cal events fo1low1ng part1a1 hepatectomy't nd'

v, l1ver t1ssue .ather*than the operat1on 1tse1f the possablh value‘

Tk of;:xamlning sham operated an1mals should not bey~forgotten.,:In"

;'addit1on exam1nat1on of events at 1nterva1s of not‘more than 2 h e

shou]d.be ma1nta;ned The absence 1n the 11terature of 1ntermed1ate ‘.- i%%'t” .

t1me po1nts:makes 1t diff1cu1t to ascerta1n accurate1y the t1m1ng P .

of post part1a1 hepatectomy events. o '%-: 1: ;;_ ":"fé*i.-v lfA'ff f}-";ffg
4 2. 2 Quest10ns to be 1nvestigated I SRR

~

The 1nvest1gat10ns reported here, 11ke much bas1c research

have 1ed to many re]ated but unanswered quest1onsf

f » "

most obv1oys quest1on 1s,'"What are the character1st1cs of the qf}‘~;e-if.3,ﬁfjj;7?h
basic prote1ns synthes1zed early during rat luver regenerat1on?“ -*ff,3,uﬁ?"”’"i“
ThJS question may be asked as a ser1es of more eas11y 1nvest1gated

quer1es, 1nc1ud1ng '”Are the basic prote1ns r1dosomal

prote1ns/h1st0nes?",”1f so, are‘aT1 bas1c r1bosomal prote1ns/h1stones B

L present’?; "If so ‘are they present in sto1ch1ometr1c am0unts7“ .Q-};f'fﬂfl"“

7 [

Each of these questions can be asked as a function of t1me fo1low1ng

part1a1 hepatectomy, 1ead1ng to a more compTex, yet fundamental, 13;’ ;ift:i{,.i

fﬂ'f'HTiﬁ?~§f-%f questwon, "Does the synthesis of the bas)c r1bosoma1 Prote1ns/h1stones;;“:"f
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' appear to be coord1nately negu]ated at the 1eve1 of trans]at1on,
" or are some r1bosomal prote1ns/h1stones synthes1zed ear11er/1ater

- than others?". : : \ : ]

These questlons cou1d be answered most easily by using two 1

d1mens1ona1 po]yacry]am1de ge1 electrophores1s However, the

greatest obstacle to such an 1nvest1gat1on appears tR be techn1ca1 ﬂ';nij

after e1ut10n the CM ce11u1ose b1nd1ng prote1ns are present 1n lowi;:llil :.:E~.:

ﬁ}h1gh urea (4 M) buffer.. The h1gh sa]t,concentrat1on interferes w1th

~".che runn1ng of most ge1s;z In add1t1on there 1s not yet a ge1

,.;~§Tﬁ system capab1e of uneQu1voca11y SEparat1ﬂ9 al‘ mam“ﬂ]‘a“ r‘b°s°maT
LI protelns Another techn1ca1 11m1tﬁt1°“ t° be kept fn m1nd’ it the
: -"#".__\ ,_J‘. gels are tolbe exam1ned by means of 11qu1d sc1nt111atvon count1ng,‘.
' ;:A .; . s, the half 11fe of the radToact1ve mo1et¥ USEd re]ative to the timé ?'”%.(

v

i requ1red for carrylng out the exper1ments. - , f :‘

| NonetheIESs there may be ways of overcom1ng the former

| obstaCTe. Perhaps there 1s an 1on exchange column substrate wh:ch
binds bas1c prote1ns 50, that they can be eiuted by a change zn pH

znstead of Jontc strength Po]ybuffen (Pharmac1a) cou1d be used .

i,w1th such & co]umn to effect a; cont1nuous pH gradient and more

‘e

g prec1se1y define the bas1c1ty of each prote1n fract1on‘ If such -

substrate 15 unavaiﬂab1e, there may be several ways to e11m1nate the 1-jf

sa1t from and reduce the vo]ume of the e]uant The PVOteins COu]d S

be d1a1yzed agglnst a: 1ow 1on1c strength buffEr and concentrated
i » , e1ther 1n the d1a1ys1s bag by us1ng po1yethylene g1yco] or by
}ifu{f:; 31.’j- ‘ 1yoph111zat1on. Both these_methods have the drawback that there nmy

et “ . .'; [T - LT T .
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AlinVestigator 'S sleep requirements ?ﬁqft‘ijtii.. 3

‘”{-at the level df transcription/formation or deformation of an RNP

'-'lto 1ntracellular translation?" The regenerating rat liver may be

be 51gn1f1cant preferential Or nonspecific binding of proteins to

the dialysis membrane Alternatively, the basic, polypeptide

. containing eluant could be prepared for electrophoresis by '
~ lyophilization dissolv1ng the lyophilizate 1n a minimal volume
- of anmonium bicarbonate buffer, desalting this mixture by passage

,; over a Sephadex G 25 column, and lyophilizing again .Tf",,j'awwi

1-.,

A number of related questions w1th respect to the rat liver

'proteins as a function of time Follotfng

‘iba51c proteins?" "If so, 1s the proportion of poly(A) and nonpoly(A)

f.mRNA coding for a particular protein(s) constant?“ B All these f”"l
va""'studies would probably bé of greater interest 1f the time course ;

.were of at least 24 h duration w1th a maximum 1nterval of 2 h between

;‘time p01nts 0bv10usly, such ]nVestigatJons should take 1nto ;

: sor same sexed aninwls, sham operated controls and.an 1nd1v1dual

4

Many questions fundamental to a more complete understanding of

”7f-the synthe51s of ribosomal proteins/histones remain These questions

1nclude : "Is the synthe51s of ribosomal proteins/hlstones regulated

v not being translated/translation7“ "what 1s the,nature of:. the.
o lprimary RNA transcript(s)?" and “How is the trahscript(s)

| "fxprocessed spec1fically, how\much/what type of splicing occurs prior .

t"

o 130 N ,‘,';j.f

"E partial hepatectomy can be posed, 1 cluding ;"Do the poly(A) and -
\ ;

ﬂﬂ;nonpoly(ﬂ) or poly(A) and total polysomal mRNAs code for the same ;:j,i.u?~ﬂ':{mn7:'vm
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: ':prote1ns cease or commence be1ngAactiVe1y synthesized 1n the 11ver' o RS

‘fo110w1ng part1a1 hepatectomy ?SUCh an 1nvest1gat1oh'cou1d perhaps hE - ‘} &

a des1rab1e system to use in T(vest1gat1ng ‘these. quest1ons; ‘ . A ‘

because at spech1c t1nes fol1ow1ng part1a1 hepatectomy the synthes1s in.‘zl ‘ ? ;

of r1bosoma1 proteins/h1stones 1s 51gn1fhcant1y h1gher than in | ]
. qu1escent ce]]s resu]ting in a h1gher y1e1d -of mater1a1 to be R

It may a]so be of 1nterest to exam1ne whether any nonbas1c
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Appendix B . ) . .

Lt
Parameters uf parabo]ic regression curves’ for
' A260 polysomes/g 1iver

1itter an‘lmais .Ij,j,'a"'. L b 3 c

A—-- P s _' 3758?’.1-'_',_5 199 ,-o 418 0997 623

:B‘i_ DR INCRE % ) MV TS R 030 0. 791 74 85 BTSN
e 1;0.45\2'~-".‘\2 %6 'j-o 155 ‘0, 5537,«;“_9,44

g .'.,7'.'2661‘. 4,046 -o 299 0:514 - 6.76.

5. - 4253 3437 -0.172 0.883: 9,14

c

D

E
Foos 1391 ""4;;'2\6:5‘ 01324 .0.74-7;'.'-.-6;5.&
o L

H B . 5623 1,298 0.351 0,895,

. . .

6 ... 5750, 5985 -0 406 o.‘ﬁess, £.7.37

' ‘6.255 4 445‘-'-0‘.289' Lo -,'7‘.40"

B The parame ers are- for the equation defini ng a parabo1a, :
Y= a +bx + k%3 ri= corre'lation coefficient. e

Azﬁg po]ysomes was measured and: calcu]ated as 1n Appendi X A ;

"max 1s the time of maximal value of the paraboia. o
0\
Litter H val ues were: not ised when caiculati ng. the weighted

vl
l!.'

. ‘;average values; in: addition, the 'Htter B'value was.hot. used when

ca'l culati ng. the weighted average value of "max-

6 6.148.° 5477 70.449 0698 610 .
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* ‘ y il - | .St:ifmulatiqn'/'Ang bo_ixéofnés.‘ : .

:.::}: o - . S '\: ) j,i:jl'lneg.'a"f"téf‘ partialhepatectomy(h)
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’ "" ' Azﬁo ponsomes were measufed and calcu‘lated as in Appendix A. "
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Parameters of paraboHc regressi on curves for
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" The parame{{ers are for the equation definmg 2 parabo1a, BT R
corre’l ation coeff1c1ent \) B} ‘

fmax 1'5 the time of maxima1 value of the parabola. o

“Litter (. and Htter J valu:ﬂs were not used when ca’lcu’lat‘lﬂg the ,_";";.I e
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