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ABSTRA&CT
. L
"- Alpha-fetoprotein (a=FP) is a serum protein that is
synthesized by fetal liver but not by adult liver. in
order .to understend the control meohanism for a‘FP
‘proiuction, celi-free synthesis of_q—FP was attempted.
Polysbnal RNA ffom fetsl and'adult mouSekliver Qnst
added to‘h heterologous cell free system prepared from
-Sarcona 130 cells and the synthesis of o-FP was determined.
d\ The ability of ‘the cell free systen to translate poly(U)
Lwas also exanined.'
Several'baremeﬁers, such as pre incubation ti1e to i
felininate endopenous orotein synthesis and oonoentration _
E of HgClz, KCl ATP GTP and tRNA. were studied. Significant »
-differences were observed between poly(U) and polysonal o
'.RNA translation in this system.( poly(U) transletion
| requirei added tRmA but not high salt extract of ribosomes

(ribosonal wash source of initiation ractors). whereas

o the translatgon of polysomal RNA required ribosomal wash

L but not tRNA.

The syntnesis of a-FP in the*cell-free system was ,.'
;analysed by qeasurinw radioactivity in naterial precipi-~.3 -

‘tated by antibody arainst a FP.. Albumin synthesis was also

‘measured as an . internal control. The synthesis of q-FP and SN

- albumin Wwas obtainei when fetal polJ¢O1al HNA was: translated

Kfin the presenoe OA rib0301a1 wash from either adult liver,‘ 5
, , e .



fetel_liyer_or Sérepqa‘l33 cells.  With any of these wash .

prebarations. adult liver polysoﬁai hia falled to preduee'
a-FF, although elbumin syntnesls was obtailned, . It was

concluded thqt active HRVA for a=FP wes qft present in

aiult liver. Thiq indicates that a- FP synthesis is‘con—
trollei primarlly at the level of trznscriopion.

The protelnlprecioltated by. aqti-a-FP or rexained by
a column containing aqtl-a-FP attached to Sepnarose 48 was
enalysei by oolyavrjlamide gel electrOphoresis in the

presence of sodlun dodecylsulohate. The results showed

fthat 1o 23% of the protein thus reeOVered was conolete

molecules of a- FP (ud ?O QOO) The remeinder most 11<ely o

represented nascent a FP ch 1ns.' This possibillty was

supporﬁéd by the ooservation that fragments of o=-FP },v~,

| &
A(mw 12 53 OOO) proiuced by cyanoaen bromide cleaVage.'

reacted with anti-a-FP. . o L
- Sy
; L e PR
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« INTRODUCT ION .

‘serun throughout the life\cycle; High serun levels occur

’ durinr liveroregeneratiop, priuary liver carcinomas and

'1973). Also,‘a-FP-appears tovinhibit lymphocyte proIifer-

The defeloping fetal liver synthesizes elphd—

fetOproteinv(a-FP), while the aiult liver synthesizes

only trate amounts if any.‘,Also. soae brimery liver

‘carcinomas and sOme teratonas synthesize a-FP and

O o
hy ;

detection of a-FP in serum is used in diagnosing(these4

‘disorders, Fig. 1 i1llustrates the level of 4-FP in the

y

during embryonic and early post-natal!life*and'can recur

EN

/
teratomas. For an excellent review on a-FP see Abeleﬂ

K ‘ : e \

(1971). R ‘ |
Alpha-fetoprotein is a glycoprotein or molecular | : ﬁ,

weiqht of about 7&PODO R of which about 4., 5% is carbo-

hyirate. The biological function of a-f? 1s unknown.

However, « -FP hes . been shown to bind estrogen (Aussg 2;.;

important during pregnancy (Parmely and Thoapson, 19?4)

',ation and could possibly have an immunosuppressize sotivity‘

- Sell” et al.-(l9?4) have shown that the produotion o;ﬁj ~FP

is closely coupled to cellular division. Serum a-FP

'u‘concentrations rise following rounds of hepatocellular

prolireration. However. it is not understood how a-FP

‘synthesis and mitotic activity of hepatocytes are

I



ld;f'FP in the blood se_rbm :
'(crbitra_ry units)

- 0.001-
" 0.002%

R

' 100-200%}

1007

Liver
. parenchyma
Yolk - cells A
~ sac
?

»

Liver “Hepatocellular

Embryonal end _ Adult _ _
. regeneration  carcinoma

early postnatal life

.1Teratocarcino

R

Figure 1.. moymsmﬁpo Hmwﬁm_.mmsnmﬁpos of a-FP ,m.%bdsmmpm in .

noriazl development and pathologic states.: Solid line, .
» expected .

serun a~FP level, in arbitrary units; broken line

a-rP level; 7, not known. (From Abelev, wawv,.



interrelated.
Studyinv a- FP synthesis in a cell-free system nay
reveal some aspects(%f the control of a-Fp syn*hcsis. _

Using fetal liver lysates, Tatsokl et sl. (19?4) demonstrated

_E el
the cell-free’synthesis of mouse FE.

AN

'(1974) showed that - FB synthesis occurrei on neabrahe- ,

Koga and Tamaoki

bound polysones in fetal mouse liver. Also 'Kanai et al,
'(19?4) reported siailar findinss using rat as cites hepatoza
cells. iore recently, o= lP syhthesis directed by exooenous“
maVA was acconplisoed in an homolorcus ccll free s,sten«¢\ ',//

(Kooa et al., l??h) The preseqt vor& air at estab‘ishiﬁé

a neterolozous cell-free systea Whlvl is oapable of translating"

a~Fp ana elbumin RANA evtracted froa fctal and adult mouse -
liver. |
| Initially a cell- free -system from wheat germ (Boberts
and Paterson. 1373)" was tested for its ability to traqslate
>

mouse liver polysomal ANA . The cell- free system contalned

ribosones. tR\A and many other conponents required for the

' translation of exo nous mRNA. It was founi that this system o
¥ .

was active in chenylalanine 1ncorpor§tion direc tei by ooly(U),“

'~,but not capable of translatiqg nouse liver polysomal RNA.

TTA cell free system fron mouse Sarcona 180 cells was therefore

tried.' These cells rave been maintained in the Mcﬁachern

“Laboratory and’ were reaiily avallable. In aidition, published_ql}‘

E results sug est that the Sarcona system hag several aivantages_a'

over other cell free systens.:such as the Krebs II lysaZe4"17‘o
r

These adventages qcluie a °tr3qger stimulation by a wi

range.

[ to



of RNis (viral and non- vlrdl) and a. lon:er tlne course of
protein synthesis tqen the Krebs II sysbem (Jen&ins et al s
) 1973) ‘The results described below 1nd1\cate that- this‘ ‘
systen was 1ndebd capable of transleting s\lysomal RNA from .
-adult and fetal mouse liver. From the study of the requirP-
ments for the syntnesis of a—FP and albunln in this system.
the possible slte of rerulatlon of a~FP synthesis was |

i

determined.



METHODS AND dAT;RIfLS

A. Chemicals and buffers
All“chemicals used wererf certified quality;‘ Ultra-

pure RNase free sucrose was purchased fron owarz/dann.
5ATP GTP. creatine phosphate, creatine phosphokinase and‘
-SDS were purohased from Sigma chenical Co.. puromycin
dihydrcchloride. 29 amino acids and rabbit anti-albumin,_
from Nutritionaﬂ niochemicals Corp.. poly(U) and mouse
.albumin. from- Miles Laboratories Inc.. Sephadex G-25 and e
cyanogen bronide activated bepharose ks, from Pharmaoia;“. |
‘i’Scintiverse.-from Fisher Scientific Co.; and Aquasol” from .
“New England Nuclear. Radioactive amino acids purchased froml }}

;Amersham/Searle were as follows. -1 l"’C leucine. 343 mCi/mmole
1'and 311 mCi/mmole, lb’C-phex‘lylalanine, 4?7 mci/mmole,_kv

',BH leuciqe. ci/maole and 199 mci/mmole. 3H valine,'gf>
2 Ci/mmole and 17.7 ”i/mmole. 3H-pnenylalenine..- ci/mmole“""
-.and 20 Ci/mnole, and’ 3H-glutamic acid; l # ci/mmole and

3

'34 Ci/mmole._ o l

The following buffers all contain 20 mﬂ Qris-ﬁCl (pH 7 8).\‘f"

- 5 mM Mg”lz. 6 mM B-mE and 9. 1 mm EDTA. The KCl and DTE
. 8 IR -
'“concentrations for each are as followsx. T."ﬁ f _‘-J;itz;'r‘uui

o _Buffer A :jVj_;gnioo il KCL, 0.5 i DTE
,4~ """"" SBuffer B . 25 ;M KCl, 0.5 md DIE :
040 mM-QIE

3 ﬁf",Buffer.C L ,f-galoo mid K 1,@»

.' i LS



”_was dissolved in Buffer A conta

f.in 11qu1d Nz--ﬁ,"<~* *E..»QYT'EG( L "-“a~taf‘

B. Preparation of adiult mouse liver supernatant,and :
Tibosomal wash

N

ICﬁ mice were decaoitated and their livers were rinsed

: and homogenized in Buffer B containing 0. 25 ﬂ sucrose. lnfter '
’\centrifugation at 12, OOO X g (av) for 30 minutes. the top |

~ two-thirds of the supernatant wa's removed (post-mitochondrial

sugernatant) Ak This was centrifuged in a Beckman 60 Ti rotor

at 21b 000 x g (av) for 2 hours. The supernatant referred .

ﬁ “to as "S 100" was either used for the preparation of

polysomes or used in the - preparation of the supernatant
enzyme fraction by collecting proteins precipitated by _
(NH4)2804 between 35-75% saturajion. The precipitated protein?‘

ining 20% glycerol dialysed |
against the same overnight and then stored in liquid Nz. 7"'5

Bibosomal wash was prepared from adult and fetal mouse

‘liver and - also from Sarcoma 180 cells according to Pri*hard |
‘_et al. (19?1) with some modifications._ The post-mitochondrialf;.
::_’_supernatant (see\above) was centrifuged at 214 000 x 8 (aw) 1if_:f
| jfor 2 hours. The pellet was washed 3 or 4 times with v B
:{o 25 M sucrose. l mMEDIE and 0 l mﬂ EDTA (pH 7 0) and |
ffhsuspended in this same buffer.: Four hE KCl was added slowly to
ja\final concehtration of O 5 M and the suspension was stirred
:aifor 30 minutes at o The sample was then centrifuged in a _;ff"t‘
5;Type 65 rotor at 17& OOD x s (av) for 2 hours at up g The‘ -

: atop three-quarters of the supernatant was dialySed over-_;zﬁ}f

inight against Buffer A containing 20% glycerol and storedlfu



c. Preparation of mouse liver tRNA

o

One tenth volune of 25 dacoloid. one- twentieth volume
of 20% potassium acetate (pH 5) and an‘equal volume of o
water-saturatei phenol were added’ to aiult mouse liver‘
hign speed supernatant ("S-lOOﬂ) | The mixture was sha&en at
’:room temperature for 15 minutes. centrifuged at 7, ?OO |

x'g (av) for 15 minutes and the aqueous layer was~renoved

The phenol layer Was re- extracted.qp%h one half volume

L W

":of water.. The aqueous layers were combined and extracted

l~4 times with an equal &olume of ether to- remove phenol.-:
" RNA wes precipitated by the addition of . 2 5 times volume,"
. of 95% ethanol The pellet was dissolved in one-third
d-original volume of 0. 05% potassium acetate (pH 5) and |
jethanol precipitation was repeated once more.v The pellet |
| {was dissolved in 2 M Tris-HCl (pE 8 5) and incubated at 3?
-]for UO minutes.j Again one twentieth volume of 20%
potassium acetate (pH 5) was added along with 2 5 times
'“volume of ethanol and precipitatiOn Was allowed to continue"h‘i

for b hours at 20,.: The resulting pellet was washed < ~”'

‘ftwice with ethanol and twice with ether. The tRNA pellet

. Was then dried with a stream of NZ and dissolved in water f'ijfr;°

'7'fto approximately 20 A260 per ml and stored at -20 ..:~ﬂ,5

D-. Pieparation of total polysomes, polysomal BNA and rRNA ,1~f

Autoclaved glassware and solutions were used for all ?T

| lf;procedures.; Livers from adult ICB mice or 14-15 day old

'f;ffetal mice Were used Th& mibe nere killed by decapitation

‘.,t



£,
wtl

&y

n'.fphase was extracted twice with an equal volume of 0 l M

and the livers were removed. rinsed in Buffer B coi§éining o

- 0. 25 M suorosa and homogenized in the same buffer. The

homogenate - Was centrifuged at e 700 X g (av) for 10.

‘minutes at u° The top two—thirds of ‘the supernataht was_ ‘

‘removed and adjusted to- a final concentratﬂon of l% Triton

X-100 and - 1% DOC. and yeft on’ ice for 30 minutes. The
|

‘.homogenate was then . layered on a disoontinuous sucrose f

gradient of 1 ‘ml of l o5 n sucrose and -1 ml of l M sucrose.

§~.’ Both sucrose solutions were in a 1:1 mixture of Buffer B

‘and adult mouse 1iver supernatant ("S lOO") ' "S lOO“ was
used as a source of - ribonuolease inhibitor._ The sample was‘f"j
centrifuged at 1u9 000 x g (av) for 3 hours.at 4 in an :
Sw 50 1 rotor. The pellet containing the polysomes was

o suspended in Buffer K <_'};'j7‘fg;" ;3,".iiffle»' ; oqh'f

The‘RNA was@extracted from the polysomes aocording to o

‘:Q the method of Perry et al. (1972) SDS was added to the f}?’
' p01y80me preparation to a final conoentration or 1%, and

"7,'the solution was left at room temperature for: 15 minutes.&h;“; o

-

ihtriAn equal VOlume Of phenol/chloroform (l:l) was added and the
;1pfmixture was shaken for 5 minutes at—room tempereture.:(The'.i"
;Tuphenol had been equilibra;ed overnight with O l M acetate

l.,(ps 6). o 1 L NaCl and 1 mM ED‘I‘A } The sample was
.:v.‘centrlfused at 17 000 x s (av) for 1& minutes at 4°. .and the '

"fupper aqueous phase was removed._ The lower dhenol/chloroform

b.w.'* ‘

Tf'acetate (pH 6). o 1 M Nacl and l mM EDTA.i All the aqueous

”'[7.13Yers were combined and Nac1 was added ‘to. a final concen-~iit'



tr.ati'on‘of 9.2 i, After 2.5 times volume of 95/5 ethanol { |
was . added ‘the: ;amole was left at»-20o overnight. The pellet
.;was collected 89 centrifugation at 5, 903 X g (av)'for 20
lminutes and was washed 3 times with ethanol. The renaining
_ethanol wa; removed with a stream of N2 and the RVA was
.dissolved in water. freeze dried and stored at -=20°, ;_y
. Ribosomal BNA was oreoared from mouse liver W soff v’"
SOS ribosomes (A. Faber. Ph D. Thesis. l9?b Falvey and ) i
J}staehelin. 1970) in 8 similar fashion. 'Th{ run-ofr SOS -
uribosomes showed 1itt1e endogenous activity and therefore
icontamination with mRNA was small. | |
E. Preparation of oarcoma 8- 30 .
B 8-30 was prepared from Sarcoma 180 cells according
thto Jenkins et al. (19’3) The cells were grdﬁﬁ—fkj‘f . f' o
:intraperitoneally 1n BDF mice and harvested 7 days after 1Y'U
ﬁtransplantation. They were washed 3 or. 4 times with ‘
’ 1“20 mM TriSeHCl (pH 7 8) and 150 mM NaCl using low speed
fnicentrigygation 1n an International centrlfuge (Model PB-6)

:pac&ed cells were suspended 1n 20 mn Tris-HCl (pH 7.8), ‘iv;:,,_

5vfrl 5 mM ﬂeClz and 10 ‘o KCl (l 75 times their volume).

}i;-Nonidet P-hO was added to a final concent§ation of 0 5}
‘7;and left at. 40 for 10 minutes.; The resulting lysate was i':
: .',b-adJusted to 5 mM MgCl and 110, mM xc1 by the’ addition or

‘ :ff?one-ninth volume of 20 mM Trls-nCl (pH 7 3)- 37 mM M801

il 01 M KCl and‘QO mM B-ME.~ The lysate wfe;then centrifuged

'117\at 30 000 x g (av) for lO minu;es and the top two-thirds ot



.v"concentration of 10 14 mg/ml.

*.f_;analysed by measuring the A

_the>supernatant was carefully'removed. This supernatant - i

was incubated at 37° for 60 minutes with the following

;components per mlx 1 umole ATP. O 3 umole GTP 59. ud each '

;f of the 20 amino acids. lO uzmole creatine phosphaté and E

50 ug creatine phosphokinase. The reaction mlxture was

- cooled and then passed thrcugh a Sephadex G- 25 column

equiliorated witn Buffer C. The protein fraction in the

kR void volume was collected. adJusted to 20% glycercl,and

frozen quickly in szall aliquots in liquid N2. This V'; [

preparation is referred to as S 30 and had 8 protein _'V

F. Protein and RNA determination . '. W;5 - ;',lé"
Protein concentration was estimated using tne metnod |

:‘of Lowrey et al (1951) or by spectrophctometric deter-

'o. )

10

minations of A260 and AZBO‘: A standard concentration curve -

was constructed using BSA. BNA concentration was determined

.by measuring A260 and assuming l mg or RNA equals 20 A260

'g;_units.ﬂ

“ ~_G;= Sucrose density-gradient analysis

Exponential sucrose qradients (10 35%) were madeiup in lbl‘f:“'

&

&
-

20 mif Tris-ECL (pﬁ 7. 8),}5 mf MgCL,, 100, mif xc1 ang’ : f'gg;{i |
: T The sample was layered on top and ceﬂirlfﬂg&ﬁdcn T

RCBET
| %

“jwas farLBO minutes at 149 000 x g (av) The gradienta were -

260

| using a flow cell attacheda
.”:f tc a Gilford Model 2000 Spectrophotometer.v, | »

* 9/ [
. \-»,, L
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' 'V_Jelectrophoretically and scanned at 650 nm. If the sample

S was radioactive the gel was sliced and counted in the same

~;‘; as SDS gels.:-.’

':H. Liquid'scintillation counting-

11

All liquid scintillation counting was done with a . -

-

Becxman counter using either toluene-based liquid scintilla-}

© #on fluid Aquasol (New En land Nuclear) or Scintiverse‘:-

(Fisher Scientific Co.). COunting efficiency for l“C and

3H was approxinately 833 and<§5%. respectively.

I. Polyacrylanide gel electrophoresis

Polyacrylamide gel electrophoresis was done essentially>e

- according to Davis (1964) In the present work 7% gels “

at pH 8 9 were run at 4 1a per tube. The gels were stained |

with anido black (1% inb?%wacetic acid). destained

?y‘electrOphoretically and scanned at 653 nm. If the sample

) [y

“were dissolved in 30% HZOZ at 60 overnight. Ten ml of
.’_Aquasol (New Ensland Nuclear) or Scintiverse (Fisher

"Scientific Co ) was added and the radioactivity was measured

.J(P.n

_in a liquid scintillation counter. The gels will be 'fg

‘referred to as polyacrylamide gels. pH 8 9 *["'

Gel analysis was also performed in the presence of

0 l% SDS* and 6 M urea (Dunker and Rueckert.}l969 Weber and

Osborn. 1969) These were stained with. Coomassie Blue

(O 63% dn 2. 5% acetic acid and 50% methanol). destained :_!d

".was radioactive the -gel was sliced into me fractions which o

g e

manner as described above._ TheSe gels will be referred to :



Polyacrylamide gel electrophoresis at pH 8., 9 will
resolve a-FP ‘and albumin as illustrated in Fig. 2. howQ'/
‘ever, SDS polyacrylamide mel electrophoresis does not
fseparate a~FP and albumin as both proteins have molecular
weights of about 70, OOO . o -

T Preparation of mouse a-FP and albumin

»».-

» Mouse f-FP WAaS . prepared from mouse fetuses that were L

v 14-16 days old. The whole fetal bodies were homogenized

in Buffer B and 0. 25 M sucrose and centrifuged at 5,000 '

,clx g (av)- for lO minutes. The supernatant was centrifugedl
‘at 214,000 x & (av) for 90 minutes and the resulting |
5supernatanﬁ was adjusted to pH’U 8 with acetic acidu The

| Tpretipitate that formed was removed by centrifugation and :

the supernatant was adjusted to 4oZ (th)zsou and stirred

at 0° for 20 minutes. The precipitate formed was recovered

bY centrifugation and dissolved in 20 mM Tris-HCl (pH 7 8)-f
'fand 0., 15 M NaCl. This was. adjusted to pH 4.8 with acetic .

acid and the precipitate was discarded.: The supernatant

1~fwas heated to 60° for 10 minutes and the precipitate was;:ﬁg5'
4 discarded. The suoernatant was run- on polyacrylamide gels's'7

vat pH 8 9 and stained ‘with 8-Anilo-l-naphthalenesulfonic frf*:"~

| 'acid (O 3 mg/ml) : Prd%eins react with this reagent

Tff’becoming fluorescent and visible under ultra-violet light.d-fﬂf
. a<FP bands were homogenized 1n 50 mu Tris-hCl (pH ?.o)
‘T“Followins centrifucation at 12 000 x 8 (av) for 10 minutes.?“'

12
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- Figure 2 Polyacrylanlde gel electrophoresis at pH 3 9 ofz
. CA). adult mouse seruua; B) fetal mouse. serum; C) a-FP. b

T EA,



1 4

f, was dissolved in the Tris-saline solution and dialyzed

»

pH 8.9-as described above for o-FPe . 5

- r . ! . ) . 7 .
L volumes of 95% ethanolryere added to the supernatant.

The precipitate (a-FP) was dissolved 1n 50 mi sodium, .

| acetdte (pH 5)

o Commercial albumin (miles Laboratiiies) was further

purified by polyacrylamide gel electrOphoresis at

f

K. Preparatiom'of antibodies

Both comnercial anti-albumin (Nutritional Biochemicals

‘<,

14

oorp ) and anti-albumin prepared in Dr. Tanaoki's laboratory '

were used., For the preparation of anti-albuuin, .

purified albumin (2 ng) . was mixed with an equal amount of?.

icomplete Freund's adJuVant and was injected into a goat =

intramuscularly. This was followed by four additional

weekly inJections using incomolete Freund's adjuvant. Two

. weeks after the fihal injection blood was collected from B

the animal’ and left at 37° for 60 minutes and then at 0°.
‘.o'

overnight. The serum was removed and Nazsou was added to_

18% and the mixture wa's stirred for 60 minutes ‘at room

temoerature. The Drecioitate forméd was collected by _T;

centrifugation at 12, 000 X 8 (av) for 19 minutes at room

, temperature ani washed with 181 Na2804 The pellet was

diSSOlved 1n 20 o Tris-HClsﬂpH 7. 8) and 0. 15 o NaCI. __'*'"

Nazsou orecipitation was- reoeated once more and the pellet

LY

against the same at room tenoerature for 2 hours and then

:j at-Qp.overnighte: Any precipitate was removed by centri- |

DL i b
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fugation and the supernatant_oontninlng the ant;body was.
frozen. | | | | |

For the preparation of anti-a-FP, purified a-FP was
inJeoted into a rabbit or goat as descrioed for the 1nJeotlon’
'gﬁbf albumin. The aninal,was bled &nd the serum was 1noubeted |
| wlth adult wouse serum and nizh sUeed supernatant from
%géhadult mouse liver at 37° for 60 minutes and then left at O°

overnight The - precipltate that formed was removed by

Ebéntrlfuwatlon at 17,000 x g (av) for 20 minutes. The
supernatant was inoubated with half volunes of adult mouse

. serum and liver supernatant as- above. This procesq was
repeated until there ‘Was no precipitation. The absorbed ,
'serum was then frdctionated by NaZSOu precipitation as

desorlbed above for anti-albumin. ' ¥,

| The @ntibody preparatiods were tested using Ouohterlony
.double 1mnunod1ffusion plates and 1mmunoelectrophoresls.
”For'double imnunodiffusion anti-a-FP developed a single
.preclpitin llne with fetal serum whloh fused wlth the pre- -
.. cipitin 1me formed wlth purifled a-FP (Fia" 3A) The ant14
| a-FP did not react with albuuin, adult mouse serum or adult
'Iiver high speed suoernatant (Fig 3A) The, speoiflcity of
the antibody oreparatlons were further ch"@g& by 1mnuno- -
| electrOphoresis (Fig. 389 , Anti-a-FP gave . a single )
precipitinjline with-a oreparation containlng both a-FP

and élbunin. - The line was at a site correspoading to a-FP.,
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Figure 3. Double.1mmuﬂ°§1foS1dﬁ”plate'énﬁ'imnunoéiedtro; o
phoresis. - ‘ 4 o f"' E T LO=

‘A 1) anti-a-FP 2) a-FP. 3) fetal serum,. 4) adult serum.

5) adult liver high Speed supernatant 6) albumin.
. 7) adult serum. _ - S

— . . , -
B. 1) anti-u-FP, 2) anti-albunin, 3) anti-albuuin. u) a-FP.-r

- 5) a-FP and albumin, 6) albu;ln, 71 adult 11ver hlgh L
: speed supernatant. Lt o
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_Antiyalbumin Showed a single precipitin line at a site
lcorresponding ‘to albumin when tested with albumin, adult
;liver high speed suoernatant and a preparation containing
a-FF and albunin. By the qriteria of double imnunqL
diffusion and immunoglectrobhoresis the antibody prep-
arations emoloyed were monospecific. | 'f o -  o M/ﬁ>l
L. Immunoprecipitation ‘ | ‘\' _.
Immunoprecipitation of a—FP and albumin was done in the~
_l following mannet. The cell-free reaction mixture was centri-
.-‘fuged at 125‘dOO'x g (av) for 2 hours in a Type 50 Rotor “
pelleting the ribosomes which otherwise cause non-specific

N
carrier antigen (chP or albumin) and an. excess amount of

".precipitation.- To a 330ﬂ600 ul portion or the supernatant
Iantibody (as determined by Ouchterlony plates) were added. N
Also a solution of 10% Triton X-100 and 10% DOC 1a
jPBS (pB 7) was added to a final concentration of 1-1. l%

‘Triton X-lOO and DOC. - This was to help prevent non-'
specific precipitation (Rhoads et al.; 1973).- The mixture o
was incubated at 30 for 60 minutes and then at 4 overe.
'T night The antigen—antibody complex was precipitated by:”;n‘”'
‘centrifugation at 58, 000 x &g (av) for 60 minutes in an -ae-*"':..

. SW 50.1 rotor. A O 9 M sucrose cushion containing o

'.*:10 mm leucine. valine and phenylalanine, 1% Triton x-1001?p-‘

'fand l% DOC in PBS (pH 7) was used. The supernatant was tf;

\ :

removed carefully and the pellet was washed twice with

o

.20 M Tris-HCl (pE 7 8) and 150 mM NaCl. _The. pellet wasaﬁgf:-



.A'(

\
then resuspended in this Tris-saline solutiOn and

'centrifuged through ‘& sucrose cushion as iescribed above.

The pellet was rinsed with the ‘Pris-saline solution and

dissolved 1a 4 i urea, 1% SDS and 1% BB by incubating at

~45° for 33 minutes. The sample was then either counted

with Aquasol (New England Nuclear) or. Scintiverse (Fisher

Scientific Co.), or run on an SDS gel.,
M. Affinity column.chromatography.'
Two grems.of cyanogen hromidefactivated“Sepharose'48 '

(Pharnacia) were SWollen with water ani naShed;with a total

of 1 litre' ofuwater by-repeeted‘suspenSion end'filtration '

through a sointered glass funnel This was followed by
further washing with 200 ml PBS (pH ? 2), 200 ml

was mixed with anti~a~FP and stirrei for 60 minutes at Lo

-and then 1eft overnight at 30 for the coupling reaction to

continue. The non-bound antibody was removed by 500 ml

PBS (pH 7 2), 203 ml 1 d NHuOH and 503 ml PBS (pH 7 2) The

280 oflthe effluent was checked to determine that no more'n

protein was being washed off the Sepharose..'fil

After the Sepharose 48 with antibody attaohed was s

W.of PBS (pH 7. 2). it Was added to the sample-. this sample

M?in a beaxer for 60 ninutes at- 4 and then left without

stirring overnight at h The mixture was filtered and |

18

'O 1 " NHuHCO3 and 500 ml PBS (pH 7 2) The-washed'sepherose _

o further washed with 1 litre of 0 1 M NH4H003 and O 5 litre 'u'.elf

containing arFP was in PES (pH 7 2) . The mixture was stirred
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Scientific Co. )
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/

‘washed with 1 litre of PBS (pH 7 2) and 0,5 litres of

0. 1 M NHuHVOB, and packed into a small column where it wasf~'

Washed further with 0.25 litres of 0.1 It NHuHCOB The

coluan was then eluted with 1 i NHuod and 1 ml fractions

‘were collected. The saaples were either measured for Azaol

or 1if radioactive. an aliquct was. tested fcr radioactivity :

"J

with Aquasol (New England Nuclear) or Scintiverse (Fisher-,
The column ‘was found to be re-usable 3 or 4 times.
N. Cyanogen bromide cleavage
The procedure followed was very similar to that

described by Gross (1967) : The protein tO be digested WBS‘:f

Qdissolved in 70% formic acid. and cyanOgen bromide Was added

to give a ratio cf cyanogen bromide to methicnine residues '

;of about 100 11 .5 This ensured an excess of cyancgen bromide
-for cleavage. The mixture was incubated at room temperature ff;{7
'ror 24 hours, diluted tenfold with water and treeze dried.l
| }The resulting material was dissolved in W I urea..lﬂ SDS. - |
“"ul”and l%;}hE and analysed by SDS gel electrophoresis.. :’b'
. 'fOLf Amino acid incorporation directed by poly(U) and :j

natural mRNA .d°ﬁ’}d?1f:ﬁs] JfAf;“;}71~

The reaction mixture using poly(U) as messenger

iiusually had the follcwing components inla final volume of

"i;‘o l ml: O.J’umole ATP 9 03 umole GTP, 1 umole creatine

;:'phOSphate, 5 ug creatine phosphokinase. 50 ug poly(U).;~

"20 mM Tris-HCl (pH 7 8) 6 mM e—ﬂE. 0. 1 mH EDTA and

.



'

»;,each of 19 lmino acids (excluding leucine) The MgClz and

20

0. 083?uc1 of luc-phed}lalanihe (47?-mCi/mmole) “Other -
components included were Mgclz. ACl mouse liver tRNA and :

8-30 with the concentration of each depending on. the

. experiment. The:reaction mixture was incubated at~30'for

10‘l15for‘33 minutes. These Variables will be defined with £
the data for each experiment. ' _
After incubation the procedure for hot TCA precipitation

was«followed. Cold 10% TCA (2 ml) was added to the eample.

’ After 10° minutes at i)the sample was placed in boiling water

" for 15 minutes and then kept at 40 for 15 minutes.f The sample

| was filtered onto a slass fibre or millipore filter. washed

4 times with cold 5% TCA and dried under a. heat lamp.4 Tolueneeiftf
based scintillation fluid was added and the sample waﬁ PR
counted in a Beckman liquid scintillation counter.
In the assay of amino acid incorporation directed by
natural mRNA, the following OOmponents were included in a ‘f.fi't

final volume of 0 1 ml. O l umole ATP 0 03 umole GTP
1.

l umole creatine phosphate, 5 ug creat ne phosphokinase'l }3 ;"fa:'

20 mM Tris-HCl (pH ? 8), 6 mM B-ME. 0 l mM EDTA and 5 nmoles

KCl concentretions were 3 5 mM and 70 mM respectively.
I

'”5: unless otherwise stated. The concentrations of mouse liverfu-‘:

N .
tRNA. 1“0 leucine. ribosomal wash proteinr 8-30 protein and

polysomal RNA ill be given for each experiment. The reaction

A mixture was incubated for 30 minutes at 30° followed by hot

TCA precipitation and,liquid scintillation counting as "jiifd'flff-

P A

described above.’_qiﬂ ff;;,x”;*"_f ;ffi~u:,..;f}j" B
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For product analysis the volume of reaction mixtures

was increased to 1- -5 ml, The concentretion of the components(
was sinilar to the small scale reactions with the following

. per ml: 3.5 mM Mg 12, 70 ni KCl 20 md ris-HCl (p? 7. 8).
6 mM B-JE “0.1 md mDTA. 1 umole ATP 0 3 uhole GTP, 10 umoles

- creatine phosphate, 50 ug creatine phosphokinase, 0. 05 umcle
Aeach of - 16 amino acids (The amount of tritiated 1eucine.
:valine, phenylalanine and glutanic acid will be given for

: each experiment )y approximately 50 ug mouse liver tRNA.~

.2 25 mg S 30 protein.,l 25 mg ribosomal wash prot:l“3ghn.

. 150-200 ug of polyscmal RNA. The reaction mixture was : L
1incubated at 30 for 2 hours. The sample was then.centrifuged “l

f'.ror 2 hours at 125,000 X g (av) in a. Type 50 rotor or at =
4,149 000 x 8. (av) ‘in. a sw 50 1 rotor through a 1 M sucrose

cushion.’4 The supernatant was removed and radioactive (}FP

or albumin was analysed by immunoprecipitation as described 'bf

L

above.~'””
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i' RESULTS
A. Preparation of .S- 30 |
The procedure for the preparation of S-30 was essentially |
.the same as. that of Jenkins et al. (19?3) - The details are.r‘“
,»described in the Aethods and Materials section. Briefly.
the cells. were 1ysed with Nonidet P~UO and the lysate was v Cf“
., Lntrifuged at 30 OOO x g (av) for 10 minutes. The superna- ”
'tant was pre- incubated for one hour at 3? to lower the:~}jfv o
7fendoeenous protein synthetic activity.i The preparation was pv..m
ithen passed through a. Sephadex G 25 column to remove free
eamino acids and other small molecular weight material. Some"i

' ‘aspects of‘this procedure were studied in detail and the f’

,,/ﬁ .
L

."results obtained are described below.sh'

Firstly, the effect of the inoubation of the 30 OOO x g

. _supernatan* at 37° was studied. The 30 000 x g supernatant

hft"as 1ncubated at 37 for O 5. 10 and 15 minutes. and the

-cjjfpatterns of polysomes present in each preparation were

*rfanalysed by centrifugation through suorose gradients (Fig. u)

fThe supernatant withgut incubation showed a. large 803 pea& 1;e;;fkf

7fﬂ;and considerable absorbance in the polysome region of the

'egradient.- After 5 minutes of incubation at 37 the larse ;y3;gff{ﬁ

‘*tfpolysomes disappeared with;small poleomes containins tW° t°

'7”jfour ribosomes remaining. The pattern was essentially unchanged;:f

o ;arter 1o minutes of incubation and it appeared that the
'y

h”a?frun-off ot polysomes was completed withih 15 minutes of

S » g
'*a?incubation...~




Figure 4. The effect of pre- 1ncubation on the polysome R
pattern of S-30, Sarcome 130 cells were lysed in .
~ hypotonic buffer(20 md Tris-HCl (pH 7.8), 1.5 5 mil ugulz
*and 10 ml KC1) and 0.55 Nonidet P-40 at 2° for 10
“minutes. The salt conditions were adjuoted to 20 mm RPN
Pris-HCL (pH 7.8), 5 mi wglly and 110 mw 'KC1,. .The lgsate'a
-wa's ‘centifuged at 30,030 xg:(av) for 10 minutes.at- & ,
- The supernatant was removed and the following were
. adied per 1l: * 1 umole ATP, 0.3 umole GTP, 1) -umole
creatine. phosphate, 50 ug creatine phosphokinaqe and
50 nmoles. each of 2)-amino acids. The ssiple was
divided into 4. portions and  incubated for 0, 5, 17 or
15 minutes at 370 These: samples were. layered on
pre-formei 10-35% sucrose: gradients(see liethods and

 Materials) and’ centrifuged at 149,020 xg (av) for. 30

. minutes in an SV 57.1 rotor. 'The gradients were: ‘punped - ‘ »*';'~“ B

out and scanned at 260 nm usinv a Gilford model 2300
‘ﬁspectrophotometer. e L _._, SRR

Ay pre-incubatei 0 minutés. B 5 mlnutes. <, 10 f:vwn
' minutes, D, 15 minutes. o : 7 N
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. The data in Tabie Ibshow‘ieucine incorporation._in ‘
response to adied polysomal BNA. by S- 30 preparations pre~
incubated at 37°° ' for 0, 15, 30 and 60 minutes.»-Ribosonal .
wash was present in eachpreaction mixture. since in its |
.absence, leucinelincorporation was low (see~belon”and
Fig. le) The sample without pre—incubation Showed littlej'
increase in’ incorporation in the presence: of adied polysomal
BNA. giving a ratio -of incorporation with polysomal BNA

to without polysomal RNA of 1. 01 This ratio increased -

- to 1 L7 and 1.79 after pre incubation for 15 and 60 minutes.

' respectively. This shows that the endogenous activity |
continuei to decrease after 15 minutes incubation although
there was: no detectable change in the polysome pattern as
' »analysed Ain sucrose gradiFnts (Fig. u) This may be due: to
| continued degradation of endogenous mRNA which had been v
L released from polysomes. The S 30 preparations used in the
: following experiments were. therefore, routinely pre-;}ﬁ‘
incubated for 60 minutes.,_ f' , f”& o .' “d v;f S
_ Secondly. the effect of the salt conditions during pre-if;fv .
_ incubation on the protein-synthesiZing activity of the S-BO
| i was studied.i Table 2 shows that 8-30 prepared with pre-,ff'ltw'
incubation at 5 mM Mg and 110 mM K (S 305 110) gave a o
higher stimulation with exogenous polysomal RNA than S-BO ,3;: |
prepared at 3 5 M M32+ and 70. mA x (s-3o3 5 70) "

kinetics of 1eucine incorporation, in response to added

f«{f.x- YA |
L polysomal HNA. by these two S-30 preparations showed that
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Table 1. :The effect of pre- 1ncubation time on. the stimulatlon
: - of §-32 wlth exogenouq polyeomal RNA ‘

—— B . - o

) Hot TCA _preciplitable 1“0 leucine

Length of' endogenous ~ with with aNa and B with RNA_
- pre-- S ' -ribosomal - ribosonal without RNA
incubation - : - wash - wash T
‘min. cpm- - oepm .opm- | 7 o
S0 7,950 - 8,k98 - 8,610 1,01
15 CoL,260 zZobL2,99% . 1.7
0300 .8k 13363 02,067 | 1.52
60, 623 1,218 . .2,290 179

“The o~30 preparations were all prepared as deocribed 1n -

'-Methods and Jdaterisls except that the" pre-incubation time was '

0, 15, 20 or 60 inutes. "Each preparation was assayed with
exogenous polysonal ANA. The following: components were 'in -
‘a final volyunsueof 120 ul: 0.1 umole ATP, 0.03 umole GTP“-»

- 1 umo’l [ phosphate,” 5.ug creatine phosphokinase. A
'  20 ma 4 pH 7. 8). 6 i - ME. 0.1 mM EDTA, 3.5 i Mgulz. S
ORIV S

les each-of 19" amino acids iﬁxcluding _
leue}n; jouse liver tRNA, 0.083.uCt- C-1leucine Lol e
(343 nct .. 150 ug ribosomal - wash(protein. 550" ug 8=30- -
proteiny Fug of- polysougl RVA fromn adult liver. The

fnicubated at 307 for 30 aminutes” and . the hot

TCA prec -le counts are shown for the endooenous o
regetion) fh just ribosomal wash added and’ with ®oth :
" .polysomeld | and ribosomal wash’ present. ‘Also, ‘the ratio of
- incorporaf ; with RVA to lncorporation without RNA 1s



Table 2. The effect of salt conditionsAduring'pre-incubation'
S o S s

- of §5=30

- Hot TGA 'precipitable !

Celeucihé1:7

S-30
pPreparation

with' .
ribosomnal
.. wash

endogenous
.

‘ ) ] C h . . ‘ . ) - .
o L S ecpm S epm

with RNA and

" ribosoinal -

wash

- cpm

L]

vISFBQjaS-?Ofi' 597 . %;349

5305110 3675 L6

2990 |
L4332

"8;30~wasvpreparedtas'infMethOdS and i

aterials but with

?; 8-303.5;75:prefincubated]at'3.5*mﬂ”MgClg_and'YQfmﬁ”Kcl,qi
while §-30 ;llkoas,pregincubated at S.mM-HgGlgvand'llO~mM-
"KC1. The two S-30 preparations were then assayed with

exogenous polysomal RNA and the. components of thegreabtipd,fv

- were the Same as in Table lnexcept;thgt‘the,volumégW&sfdnly

0.1 ml and 390;ug,of 8-39. protein were used. The hot TCA. - ﬁtf_
precipitable;counts are shown for eadogen:Us*synthesis@;with :

' ribosomal wash present,andfwith;bothipolysomaljRNAﬁand_.]-f

‘ribosomal wash present.

27



. 3’335—110 was more aCtive.thah S-303.5_7d. throughout"
the tiue period studiel (Fig. d). This could be

explained'by the fact that the run-off oizribosomes is

2+ 24

favoured at high Mg concentrations, while at low g

concentrations initiation is favoured (Mathews. 1972).

Therefore, S=- 30 was routinely pre-incubated at 5 m Mg2+‘~

/

and 110 mil k', | R

<5

For the S-BO preparations used in the above experiment.

Sephadex G-25 column hronatography was used 9,}emove low
] \ N

molecular weight material. Another technique for‘renoving

&

:low molecular weight material dialysis. was afso tested
_Table 3 conpares S- 30 which was dialysed to S—30 passed
.through a Sephadex G 25 column.- Dialysed S 30 sho%s very
.low activity for translation of exogenous polysomal RNA as .
.'compared to S-30. prepared by Sephadex column chromatography.f,'
.'However. the dialysed preparation was active in poly(U)-
'fdirected phenylalanine incorporation. indicating a:
'selective loss of the ability to translate natural polysomal
RNA. This experinent was performed only once. so the." g
._validity of the results must await further experiments.,-"
: However. for the purpose of preparation of S-30 dialysiq did'i
| not offer a great advantage over Sephadex G-25 chr ma--‘yh -
H}tOS;aphy._ In the following experiments. therefore.&ghe ’
fSephadex G 25 procedure was always used. - v

B. Studies using poly(U) as template

'ﬂ: The ability of S 33 to synthesize proteins. in response Iiﬂf357.
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Figure 5 Time oourses for ‘pre- 1ncubated b 30 prepafa&ionb.  ' 

A, s- 30 pre- incubsted at 3.5 mi Ag2+ end 70 i Kt
- Conditinns of assay are thocse. deqcribed in Methods and
raterials with the’ following differences: volume of '

o
0

0.12 ml, 0.033 uCi lkc-leucine (343 uCi/mmole), 8 ug . '} .

mouse liver tRNA, 19) ug ribosomal .wash’ orotein.,éOD ug

5-30 protein and 16 ug adult polysoaal RNAL Y PR R i

'B. 8230 pre- fncubated at 5 md Mg2t and 110 md K*.
Cond1t101s ‘of assay are those of iethods and daterialq
Lwith Bhe following differences:  volume of 0.1.ml, 0.083
uCi 1% leucine (3&3 mS1/mmole), 125 ug ribosomal wash -

“protein. 240 ug S -30 protein and 10 . ug adult polysomal RNA.,

- The time of 1ncubation is- shown along ﬁith the hot TCA

Aprecipltable counts.,.

jg OO, oompleteb system _ e
R o—©, without polysomal RNA: '
i A-—-A. without polysomal "RNA,. wltﬁout ribosomal

wash (endogenous) T e u(

‘
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Table 3. JConp9r1q0n of S 30 preps red usina dialysis and
Sephadex G 25 cblunn chronatography '

)

<
: Hot TCA precipitable \
1L’C-—-leucine - . 1L‘C-phenyl-‘
. _ o alanine .
8-30-  endogenous with. - with RNA =~ with
- preparation C ribosomal - = and " poly(U)
N . " wash  ribosomal . .
o -1cbm: S ' cpm ,5'}¢pm ' © cpm .
Sephadex G-25 127 201 > 1,026 . - 32,371
Dialysis 173 151 216 51,494

The 5-30's prepared by Sephadex G-25 column chroma-
‘tography and dialysis were asqayed with exogenous natural
polysomal RNA and poly(U). The conditions of ‘asssy with
exogenous. polysomal RNA were those stated in Jdethods and
Materisls with the fol&owing differences: & final volume
of 0.1 ml, 0.093 uci ~u-leuclne (311 mCi/mnole). 8.3 ug

.-mouse liver tRNA, 100 ug ribosonal wash protein, 9 ug - -
polysomal RNA and 360 ug S$-30 protein (Sephadex G-25) or

- 720 ug $-30 protein (dialysed). For poly(U); the conditions

. were those described 1n iHethods and ilaterials with 10 mit
 MgCl,, 94 md KC1, 8.3 ug zofise liver tRNA &nd 240 ug S$-30
protein (Sephadex G-25) or 430 ug, protein for $-30.. - -
(dial%sed) The reactions were incubeted for. 30. ainutes -
~at 30 The. hot TCA precipitable counts are shown for
';endogenouq synthesis, with ribosomnal wash, with polysoasl
- RNA "and ribosonal wash’ and for the poly(U) assay."a< '

3D



to'exogenous‘RNA.Awas'éramined initlally using poly(U) as -

_template (Virenberg and Aatthaei 1961) SR N

The phenylalanine incorporation at various concentrations

vof Mgz and K7 is shown in Fig. 6f‘ The K* conoentration

curve had an optimum of approximately 100 nd while the mg2+

concentration curVe “showed & sharp optimum in the range of

: 7-8 mM The. Optimum Mgz+ concentration varied somewhat from .

-one preparation of S 30 to another.',

It has been reported for other Cell free systems that

ythe aiditian of ribosomal wash results in stimulation of , _;

phenylalanine incorooration at 1o~ ugz* concentration,”

'.whereas, inhibition occurs at high daz* concentration

" (Shafritz and Anderson, 1970, durty et al., 1974). yrhe;;'
g2t ootinum thus shifted to a lower cone entration and ‘this

creffect is attributed to initiation factors present in tne

»ribosomal wasn. In the present system. however,_a dg?* R

Y

'tshift" Was not observed but rather a general inhibition ’

"-.voccurrei (Fim. 7)

The concentration of S-30 and phenylalanine incoroora—'tjf

’ .tioq showed & linear relationShip up to the maximum level

of S-33 assayed .which was 600 ug of S-BO protein per 100 ul

xreaction mixture (Fig 8). .

The addition of mouse liver tRNA stimulated phenylalanine

'lincorporation but the optimum tRNA concentration varied

depending on the concentration of S 30 used Fig 9 shows

f‘the requirement for tRNA at three levels of S-BO. The

lrequirement for tRNA was lower at lower concentrations or s 36;‘ Ff'ﬁ
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poly(U) directed phenylalanine incorporation.

.Le
_20-’-
- oul s@ L 11 ol 1 i ; S
5 9 . _ll 50 . -100 - 150 - 120
MgCI (mM) o -.Kcl(m/v\).
':Figele é} The ef“ecf of. Mgz* end K+ eonceetratioes on‘

0. l umole ATP 0,903 umole GTP, 1 umole creatine phoephete,u

HCL (pH 7.8), 6
;for 30 ninutes.-

.. were used.. a
- reaction was incubated at .30 for 15 minutes.
o precipitable counts are: shown.:ﬂ: \

.5 ug creatine phoephokinase,.SD ug poly(U),. 20

g mi B-ME 0.1 md EDTA, 0.083 uCi |

-+ phenylalanine (477 aC1/muole), 100 md KCl,. 5 ug mouse-

©+ 1liver tANA and 270 ug S- 30 protein.

-was'as indicated and the reaction was incubete - o
The hot TCA precipitable counts are shown. g.

at. 30

"B The conponents were- the same es in (A) except that

'8 ug mouse 1liver tRNA, 240 ug S-30° protein and 10 mil- MgClg
The KCl- concentration was 'as. indicated’ and the"
The hot - TCA

Tg Tris- “

The MgClé conce%tretion ?5



‘_ ’4c_'pHE,-_c:PM(x10‘-3)‘ -

EETEE ~"»‘ftvw%'1‘ﬂ6}.f'f. R
T k)

o / L
' Figure 7 The effect of ng+ concentratlon on poly(U)-
“directea- phenyla]anine incorporation with and without ' -
'iribosonal wash,  The: ¢omponents of the reaction were tﬂe s
“same as-in Fig. 6A except that 100 md ‘KCly “5..ug mouse
‘1iver tBNA andi '24) ug S-30 protéin-were usei in a’ftnal

O——T—T T T T T T T T T

oo
R=2 O -
—1 -

N
Q.
L)

—

l,.

7 volume of 0.1 ml. - The MgCly. conegntration was as.shown.

" with 100 ug of ribosomal wash prétein wHere -indicated. ,

" The reaction was incubated at 30 for 15 minutes and the

't(%/l'ﬁ‘

"n.hot TuA precipi rble countq are shown._”

o—-—o. without rlbosomal wagh
....g,,wlth rlbosomal wash

33
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;Flgure 8 The effecﬂ of S—BO concentratioq on polv(U)—~A
, directed ohenylalanine 1ncorporauion. .The components in.
. @ final volume of 0.1 ml were the same as those in Fig, 6A
, - 'except that 10 ad #gCly, 110 mM KC1 and 8 ug iouse liver
" tRNA were used, The ‘amount “of '§-30 proteln wa< as. s
Y. Andicated ‘witn-a 10 minute incubation: at 30 The hot
""”TuA precipitable counts are. shown.'g“ : _
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:Figure 9. The(effect of ‘mouse’ liver tRNA on poly(U)-lﬂ-A,;“,_

directed phenylalanine incorooration. ‘The componentS-"f

except” that 10 mi MgCly ‘and 194 ‘md KC1 were used: The -

- reaction was - incubated for-15 minutes at 30°, and the

v-_;A-7A 240 ug S—30 proteln : R
S G=e=@, 360 ug S=30 pretein. K S
waff—o; 430. ug S- 30 PrOteln ;;:pj

R

© in a final voluie of 0,1 ml were the saae as in Fig. 6AAir

'??;,hot TCA precipitable counts‘are. shown. "The. mouse.liverf x.f&f¢7
‘ tRNA added was as’ 1nd1cated.  _,¢m1“v_- ST iy



s * gwmee , ‘300 ug $-30 protein-

- MC_PHE CPM(x103) -
=

=
T —

S 2 mM ATP 0 -0 20mM CP
03 06 mM GTP 0 5 'IO}xg C°K e

: uag#._Figurelo The effeﬁt of ATP and GTP conoentratlonq Pnd .
“the efiect of creatine” phoephate and creatine, pnosphoklnase L

: c¢oncentrations. on poly(u) -directed- phenylalanine 1ncorpora-;ﬂ“f'
.~ -~ tlon. -The components in-a final volume of 0,1 ml were the
.+ -same’as’ in’ Fig. 6A . -}Pept that 19 mid, ﬂgulz 104 mM KCl and: . .
.- 8 ug mousg” liver tBuA were used.’ The reaction was’ 1ncubated_:‘*

" for 15 minutes at’ 30 with ATP and’ GTP concentrations a8’ .

'f £1nd1cqted in {4) and with. oreatine phosphate and: creatine -
;- phosphokinase concentratisas as. indicated in- (B) The hot
.’TCA preclpitable counts are shown..; SO AR

A--A», 230 ug S-33 protein

o'—'O ' 1&00 ug S 30 protein



Also. incorporation was very dependent on. ATP and GTP;_t
and was. definitely stinulated by creatine phosphate and
creatine phosphokinase (Fig 10) dowever. as in the case of
tHNA the amount required for maximum stimulation varied
depending on the. concentration or S 30 used., The optimal
_ amount of ATP and uPP was lower at lower concentrations of
e L R

C. Studies using polysomal RNA as template
‘:r” fotal polysomes fron fetal and adult mouse liver were
the source or natural mRNA (see Methods and daterials) This

polysomal RNA was incubated with S-30 ribosomal wash and ,hjfffV

-;_other components necessary for protein synthesis, and the

(

"i'routinely used in a 139 ul\reaction mixture.“]ff'

1“0 leucine incorporated into hot TCA preoipitable material e
'h was measured.: Note that the polysomal RNA from mouse liver e
1v'will be referred to sometimes as exOgenous mRNA or natural mRNA.foii
The Optimum concentrations of Mg and K were 3 5 mn ':
and 70 mM respectively (Fig 11) The Mg °°n°entrat1On tpfh““'”“'
»curve exhibited a narrow range for leucine incorporation,. 511'17‘
while the &* concentration curve showed a much broader ) |
.range.'_mhese optima varied slightly from one 8—33 prepara-;”atf::-“’
tion to another._:.h"': »,. H;‘ ‘__ ‘ d | L ""t'“
| The incorporation of leucine increased linearly with f;;p;f_f]i@
.f'S 30 concentration up to 360 ug of proteln in a reaction |

mixture of 130 ul (Fig. 12) Approximately 250 ug were

Fig.flj snows that increasing polysomal RNA.conce tra-v‘M" o

tions increased protein synthesis linearly up to aboutoam*7
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7.Figure]1.c The effect of ﬂé“"and K* concentrations }73f_*'3'
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3 4540 T80 100
Mgﬂz( My KCI (mM)

'fj‘on leucine 1ncorporation using polysomal RNn.:”

AL The coniitions of the assay were those described

5;g1n dethods and “ideterials with the following componentsAwi
in 0.1 ml: 3.1 umole ATP; 0.03 umole GTP, 1 umole -

“cfcreatine phosphate, 5 ug: creatine phosphokinsse, 29 m@ ;ijﬁi”’

Cos .‘.‘.Trls_‘h 1 (pﬂ ? 8)l 6 nuv[ B-ME, 0v) mal uDTAp 5 anIe

104093, uulofluv.leuciﬁe (311 mi/amole), 8- ug aouse:

,.ffliver EENA, 19D ug. ribosomal. wash protein,. 367 ug. a-30'ﬁji e7 
" protein and: 14 ug - fetal oolysomal HNA. The Agvlz cun—?c:.jgv}g

ecentration was as shown.

B, The oonditions of the assay; were - the same ‘as in (A) S

;‘ﬂ”except that’ ua012 ‘was set at 3.5 md and- 300 ug 8-33 !

.protein ani 3 ug. fetal polysomal ANA ‘were ‘used. ‘The. NEERRtG
- KCL concentration and the ‘hot" T A precipitab}e counts L

"*f;were as shown.:

‘each of 19 auino acids (excluding leucine), 93 miKCl, ©° =
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Figure 12.‘ The effect of S 30 concentration on’ leucine

 'F1ncorpoIat1on using polysomal &NAW The oconditions

of the assay were the same as in Fig. 1A except) that:”*'”‘

b mMglly, 109wl KC1 aad 13 ug-fetal polysomal aNA

4 biwere used .. mhe $-39 ‘concentration was as- 1ndioated :., -
'.,and the hot r,A precipitable counts were as shbwn.’**

o-—-o,,complete system DR ;»~_,< Sk
e-Qo.bwithout polysomal hNA gﬁejs.‘

SR S D T
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eff‘ect of p01ysomal ﬁZi\A °°ncentrat10n B

op leuc] ncorporation, ' The conditions of the assay -

-~ were thé me as In. Fig:11’ except no-mcuse. liver LRNA - jg.g
"~ was uset and 3.5 md ugulz._?D BT nCl, 2.033 ucy “C-leuoinegl;/

ybw?(343 mvi/nuole}.,IZD ug ribvosomdl wrish protein and 263

.fﬁu~ 5=3) protein were used; .The concentration of polysomallf”
. -BNA used and the not TVA precipitable oountq were as xff'»;
':'Shownc R e o S



20-25 ug o'r' polysomal RNA per 100 ul reaction mixture. At

higher levels of polysomal RNA some inhibition occurred. a
With the S=30 preparation used it was found,that
ribosomal wash fron mouse. liver was required for siznificant

leuoine incorporation. Fig 14A shows the effects of
-ng, .

ERY \

, various concen-qations of ribosomal wash On leucine

incorporatiOn. with and without exogenous mRNA present.
The.translation of exogenous mRNA was highest in the.

presence of 150 200 ug of ribosonal wash protein. With

: eXOgenous mRNA. present leucine incorporation 1n the absence

of ribosomal wash was approxinately 5% of the incorporation

| when ribosomal wash was present. So, for the translation of

L1

‘ natural mRNA from mouse liver,.the system was dependent on'Lv'

ibosomal wash.- Ribosomal wash prepared'from Sarcoma 180

cells was also active in stimulating translation of mouse

‘ tion.. However. the total incorporation\due to the added

ez natural mRNA did not depend upon added tRNA. This was in i':-,'

1iver polysomal RNA (Flg. 143) Epgs:igi,_ B

incorporatiom of radioactivity into hot T”A precipitable

material (Fig.»lS) : The uptake of lbc leucine 1ncreased with
S i
\,r increasing con entrations of the isotope up\to 6 uM although

this was accompanied by an increase in gndOgenous incorpora~',

polysomal RVA was greater at high leucine concentgations.,=.

Fig. 16 shows that leucine incorporation directed by

'contrast to poly(U)-directed phéﬁylalanine incorporation

The concentration of lhc leucine was shown to affect the QV;{
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Figure lb The effect of ribosomal wash concentratlon

S on. 1eucine 1ncorporation. f‘t‘.n_v s gv

Q.

?

lfiA The. conditions of the assay were the same 28 Fig. 11
,except no . mouse . liverl&nNA was Used and-3.5 il 4zlla,

70 mil ¥Cl, 9.733 u31.tdc- leucine (343 mii/mmole), 260

-ug.-5-30 protefn and 13- ug polysomal RVA were mused.. Lhe

- concentration of aijult liver rifosomal wash gnd the . = - _

- hot TCA precipitable counts were as shown. y,;‘“jk___yli,lghy' b

'ifﬂ.B The conditions of the assay were. the same as in (4) fx%f%f‘fft:;

. except 267 ug.S-30 protein and J ug ooljsomal ENA we : ~va, S
and ”

\\)

used.‘ The consentration of Sarcoma 133 ribosomal was

O--C)v completej ystem = .
,.-.., without polysomal HNA

e

/7“& hot T"A precipitable counts were. as shown. wfhﬁ‘3~rx .;;Ly Sl
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vFigure 15. The effect of l"*(3-leucine honoentration
on - 1ncorporat10n. The reaction aixture was siailar
_to that of Fig.ll except that 3.5 @l Mglloy 79 mil KC1,
5. ug nouse 1ivew<,%mn._193 ug ribosoial wash. protein.'
600 ug 53-3D protein ani 1) ug adult polyseomal RNA- were
‘used in a final .volume. of 0.12 aly . The- 1 C~leucine . - PR
© (343 nZi/amole). conﬁentration and the ‘hot" TVA precipitable( L
.counts wete as shown. - . T _ _ i

v'40-f-01 conplete system RN
- @emw@,. without polysomal RNA. = . - T
A-_;A, without. polysomal nNA and ribsomal r,
L ‘wash e . T U
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- Flgure 16, ‘The_efﬂectidf mdﬁsefliﬁerhtRNAion léuc1ne-
‘1ncorporation, The conditions were ‘ideatical to those

A,.describéd»{R‘Fig.llAexcept_that:}. e igllo, 70 wif £C1l, .
0.083 uci C-leucine (343 wCi/unole), 125-uz ribosémal

wash protein, 242 ug S5-3) protein and-13 ug adult poly=- L

somal BNA were used in a final volume Of 3,12 ml. -The
apount of aided mOusé.liver;tRNAvépd thethtgr3A~pre; o

[ .. -
b:.§\ c.
S . N
R .

°Q;pitablefcounts}were”gs shown, =

2’,‘
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which was highly dependent upon added tRNA (Fig 9)

The time course of leucine incorporation (Fig. 17)
shows that the‘reaotion with exogenous mRNA waS‘linear up'i
-to~about 60 minutes. The incorporstion was. slower from
60 to 120 minutes beyond which the assay was not continued.

! The effect of added ribosomal RNA on the system is»

’ shown in Fig. 18A. Ribosomal RNA from wheat germ and mouse
'_liver gave sinilar results.k There was a slight stimulation
.of the endogenous protein synthesis An the absenoe of
»exogenous mRNA.V However. rRNA inhibited protein synthesis
iwhen exOgenous mRNA was present.‘ A similar experiment was
reported by Jacobs-Lorena and Baglioni (1972) for a Krebs II
‘system ‘and mRNA for globin.- Their data is shown 1n Fig. 183. A

»‘_,'

" Their results show rRNA stimulated endogenous protein f:; %

'-synthesis and also stimulated protein synthesis when t

\

E .exogenous mRNA was present.

In summary.‘several parameters of mouse liver mBNA

-,translation by S- 30 were studied.. The optimum conoentrations o

of Mg and K were 3 5 mM and 70 mM respectively. For a
lOO ul reaction mixture, about 360 ug of 5_30 protein,‘“"

25 ug of polysomal RNA. 150 ug of ribosomal wash protein and

: ;f5 uM 1L’c—leuoine resulted in the maximum leucine inoorporation.vh"

”The translation of polysomal RNA was not dependent on the

y~addition of mouse 1iver tRNA._ The kinetios of the reaotion y“'

',;showed protein synthesis oontinuing for at least 120

. »‘minutes.- Finally, the addition of ribosomal RNA inhibitied o
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gFigure 17. The time course pr leuciqe 1ncorgoratiop
\using polysomal RNA.. The Sbmponents in a J.1 ml final'

.~ volume were the samne as Fig.l1ll except that 313 i MgClz.

.70 mil £Cl, 5 uZ. mouse liver tANA, 0 083 uci
(343 mCi/mmole), 125 ug ribosomal wash proteln,* 2490 ug

leucine

5-30 protein and 19.ug adult polysomal RNA were used.

" The . time of 1ncubation at 30° and the hot TuA preclpitable

r counts were as shown.

e
=

'., 0"‘0 0omp1ete syStem. R
e .‘-'0. without polysomal RNA - e : :
A-—-A. Wlthout polys maL RNA and ribosonal wash

4060 80 100'*'120¥ff"**°°



" Pigure 18, The effect of rRNA on leucine 1ncorporatian .
. using polysomal RNA. . : : L :

A. THe conditions were similar to those described ln Flg 11
~except thafu o
0.033 uCi ~*C-leucine (343 m41/mmole). 35 ug ribosonal wash
protein, . 26 ug S-30 protein and. 10 ug fetal. polysozal RiA .
were used. The amount of mouse .liver rRAA‘added and the hot,g“

- TCA precinitable counts were’ as shown, .

o._.a. 19 ug fetal polysoaal RNA
o__.,,'witnout polySQmal BNA

.B Effect of the addition of. E. coli rRNA on oroteln _
synthesis by the ascltes cell-free system._ For eacn ogint

0.22".ug of globin mRNA Were incubated 60 ainutes. at 30,

wWith different amounts.of E. coli rANA and 2.7 uCi of JH- =
. tyrosine 'in a final volume of 25.ul.. The first point shows

- 1ncorporption obtained with mRNA alone or:with no addition
~of RVA. (From Jacobs-Lorena and Baglioni. 1972) ,

0...0. with mRNA

’ S

.5 md Mgv129 70 md KCl, 5 ug mouse liver tﬁNA.-"..
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vtranslation of exobenous polysomal RNA. ';'

. Prodact analysls I |

.-:;dith theioptinal conditlonq for cell-free protein

risynthésis'deternined. the question arlses as to whether or -
"tvnot' a-FP and albuniq are syntheslzed w1th the liver poly- o
somal RNA preparatlon enployed. -FP and albumln are two |
..Amajor proteiqs synthesized ln the retal llver., In adult
~;11ver. up to one—third of the protein synthesized 1s

talbumln. while only trace amounts.:lf any, ‘-FP are ’t-;“f”

- ,“syntheslzed (Peters,‘1970).1f

o Inltially. it was attenpted to 1dent1fy albunln and
: a=FP by direct analysls of the reactioh mixture by poly-;;_e-rtl
‘fhscrylamlie gel eleotrophOresis at pH 8 9 . Fig. 19 shows
l/rel patterns of protelns syntheslzed in Sarcoma 5-30 wlth
rhand without exogenous nolysomal hNA.; A comparlson of the

':l gel patterns sho&s that wlth polysoaal RNA there 18 a

| ’4'general 1ncrease 1n radioactlvity 1n the resions of aJFP

:h?fwand albunin. but no apparent peaks were observed. It 1s

'fjjposslble that newly formed a-FP and albumln may have been

o masked by other proteins that migrate hear abFP and nlbumln. ;35‘“

- “xThus the direct analysis by gel electrophoresis was not

'fsuitable for Qeternlnlns the synthesls Of a—FP or albumln.-g.ffilif

5For this reason, precipitation wlth antlbodies was used to L

E :1eterm1ae the synthesis of a—FP and albumln.;g*ffhfﬁ' R
‘ The antibodies used were monospeclfic as. tested by .7ﬁf“33ﬁ*

¥

e double 1mnuned1ffusion and lmmunoelectrophoresis (see

;lfuethods and Materials).; The speoiflcity of these




&

~

&8 " ok=FP. " Albumin.

,10 ,- . -20 3ob_'a'5 R

j{Flgure 19.u Analysls of cell-free products by poly- ST

.. .acrylamide gel -electrophoresis, ' The: reactlions had. ‘the .

[ _com onerits - -described in Methods and Makerials with'37-uCi vl T
= of -1eu‘3ne (1 Ci/mmole), 17 uCi of H-valine (2 01/mmole),-_gﬂ-,
'fl? uCi of

~-r:-;fglutam1c acid per ml of reaetion mixture, - Folloaing
.7 incubation at’ 30 ° for 69 ninutes. ‘and ‘centrifugation at" LR
.7 125,000 -xg" (av) - for 129 minutes. an aliguot: of the super~.-‘

- “;"natant was run on.a 7% polyacrylamide gel, pH 8.9 ‘Larrier
0 0=~FP and albumin Wwere .present., The gel was: sliced, digested
o and. counted as’ described in- Methods and Materials.a The. :':‘

> position of" hemoglobin (Hb). ahFP and albumin are 1ndicatedq

H-phenylalanine: (1 01/mmole) and 0.05 umole of

A-.A. Reaction with retal polysomal RNA  ¢
- -added
A-—l. Reaction without retal Polysonal RNA

50
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e anti-c rP and anti-albunin reacted specifically and quan— _

| fi]uimmunoprecipitation is oresented in Fig. 21 along with the
IV.Qtotal hot TCA precipitable counts (total protein synthesis).
7fia-FP synthesis continued linearly for 60 minutes while

'ﬁritotal protein synthesis stopped after about 90 minutes.ﬁ~;;&gwlﬁ

T'f.However. as described previously the souroe of ribosomal Nf'*_¥~

r'"fwash was not confined to the mouse liver. as Sarcoms 180

'. '51

antibodies was also tested using samples contaiqing _"
“radioactlve a= FP and albumin. Gel analysis of the samolos.

‘ S .
_'before end after incubation with antibodies revealed that

r-;titatively with a-FP and albuﬂﬁn. reSpectively, (Koga and

7Tamao<i. 1974) _f“'{ = '
| 1) Concentration of polysomal RNA

Using immunoprecipitation the. synthesis of a—FP and

.albunin in: the oresenoe of different concentrationgﬁof
‘.‘polyscnal HNA was determined (Fig. 20) The synthesis of
-FP and albumin reached a maximum at about 250 ug of fetal
rpolysomal RNA per ml of reaction. ' L N o
o 2) Time course of a-FP synthesis ’i nffjéf;gﬁmef,fi;]_fjik

The time course of a—FP synthesis as determined by D
- 'hE'Sjgaf

3) Source of polysomal RNA and ribosomal wash _
Leucine incorporation into hot TCA precipitable f?;fi;ff;{
- f' v ' -"ff;f}?

';radioactivity in the presence of mouse liver polysomal Lo

'::BNA in the Sarcoma Sa30 depended upon ribosomal wash. ;f 5735]

4 \ R

“ﬁcells also gave active ribosomal wash preparations.. This
\'fsuggests non—specific funotions for the ribosomal wash 3

dilfactors,: In order to test further whether mRNA specifio




-

1, Fisure 20. The effect of fetal nolysonal RVA concentration_;-“.f

. on 0-FP. and albumin synthesis: The reaction -mixtures: were.-

- as described in Methods and Materials except that the

"concentration o§ fetal" polysonal RNA was varied and &) so"
that 75 uCt of |
valine  (17.7. Ci/mmole), 29 uC) of H-glutamic a¢id
(l.4 . Ci/mnole) and 19 uci of “H-phenylalanine (20 Ci/
‘mmole) were used’ per ml.- Centrifugation was ‘at 125, 000 :
_xg {av) for 2.hours: in a’' Type. 50 Rotor ani the 1mmuno--“~f g
“- precipitation ,procedure. for both a=FP and albuuin was-
performed as described in Methods and- Materials._ The's

:f7i}°backsr°und counts for a-FP (264 cpm) and for albuamin’

‘ ':?'po1ysomal RNA added have- been subtracted for each value;.“

"f,B. albumin synthesis

(255 cpm) obftained from a reaction ailxture with-no
'Tf;A a-FP synthesis ’?ieVT

H-leucine (190 mCiémmole). 20 uCi ' of g-e,fe;jt
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Figure cl.. The time course of apFP synthesis. The reqction F j'Ff

'“f,7‘-phenylalan1ne (29 .Ci/mmole). per ml. g
. after 30, 60, 90 ani 120 minutes of incubation-at 307, . [ "ﬁ%:‘

o a=FP lmmunoprecioitnble ¢ounts were determined for the higb .

. speed . supernatant of each" aliquot.-
”~'g,’(obtalned frou a reaction with no polysounal RNA added) ‘was

240 gubtracted: from each, 4150, hot TvA pxecipltable counts I
; *‘-Cwere determined for 25 ul of reactlon mirtures‘ .

“mixture covitained components. as. descriqed 4n Hlethody and
, Materials, using fetal’ polysonal .ANA and 30 uvi of" 31
'-jleucine (1 .C1/mmole)., 20 - uCi of 3h-valine (2 _ R

20. uCi,of JH-glutamic acid (34 Ci/mnole) and 10 uCi of 3H-,_,,ti‘f-

H-»A
i/mmole),

Aliquots were’ reuoved

A baquround of 481 cpn -

;vo--o. a—FP 1mnunoprecip1table counts
.-..o, hot TCA precipitable counts
4

8 Q“_ .

e



~factors are involved in the.synthesis‘of'd-FP 'the“effect \ & .

of ribosonal wash fron fetal and adult liver ani Sarcona -
139D cells on the synthesis of a-FP was studied.»,Albumin
‘*synthesis WAS also_assayed as thisvserved as an internal

control;

55

In, Exoeriment I in Table b polysomal RNA from fetal and '

adult liver was” used with ribosomal Wash from fetal and adult _

liver. In cxperiment lI ribosoual kash from Sarﬂoma 130
: cells Was used asjwell., The control in eaoh case was a
Wreaction mixtur" containing no polysonal RNA. and tbe counts'

obtained were ot.btracted:from the counts of the aopropriate

‘ samples.. The ratio of a- FP to albumin synthesized is given oh’

for each samole. In Experinent I this ratio 1s 3 4 time°;f:r"'n

'higher for f&tdl HNA as compared to adult for both

e ribosomel wash preparaticns., In Experiment II, again the

»fetal RNA samples have a very high ratio conpared to th
, 'adult Rdn. The results are similar with either fetal

E'adult or oarcomc ribosomal wash. These results show that

»vthe source of RNA determined whethnl a-FP Was synthesized,':i"ﬂzﬂ'-')*”

| that is. only with fetal polysomal RNA was a-FP appreciablv

o synthesized. In the adult liver the synthesis of a—FP mRNA_{?

is apparently stopoed indicating transcriptional control of';vk';“

‘ ’n*a-FP synthesis.::”

The immunOpreoipitable counts in Experiment Il are muohgttffl

.'7fhigher than in ELperiment I (Tablel&) This is possibly dueflf;fT7

'?'to the use or tritiated slutamic acid in Experiment II.; The???“ R

amino acid analysis of both chP and alpumin shows that about

. 1.1._;‘_ S

[



>

- Table 4. The effect of the source of polysomal RNA and the °

o source of ribosomal wash on o-FP and albumin
synthesis ' DR - , = -

= Reactions were done accoriing to detheds ahd ylaterials
‘usling both fetal and-adult polysomal BNA, and fetal, adult 4

gnd 3arcoma 130 ribosonal wash. In Experiment I, 37 uli of° . .

-~ “H-leucine_(1 Ci/mmole), 17 uCi Of'3H-Va11ne,(2 Ci/mmole), - -

, »,17,u01'of‘?H-phenylalanihe’(l'Ci/mmole}-and 0.05 umole of
- .&lufamic acid were used per ml. In Expériment II; 30 uci

“of - JH-leucine (1 Ci/mmole), .20 uCi of JH-valine .(2.Ci/mmole),  ﬂ3: 1 ='

£ 20 uCl of JH-glutamic acid (1.4 Ci/mmole) and 10 uCi of JH-
 .phenylalanine (1 Ci/mmole) were used per ml,. Immunopre~
‘Cclpitable counts weré determined for a-FP and albumin as @
 described . in-iiethods and Haterials. The control reactions
With no polysonal RFA added are shown and are used as -
background: values (-bkd "indicates background subtracted). . -
-Also, the a-FP to albumin’ ratio 'is given for each reaction - .
mixture, - o R - RO



(

'Ribosomail
wash

Polysomal

RNA

Imnunoprecipitable counts:'

a-FP_

v aibumin

-bkd
__cpm

_cpm

cpm

_q=FP

albumnin -

cpia

; Expefiment I

.’f‘Fetall
Fetal
Fetal

'; Adult
© Adult -

Adult .

'Fetai~_'

Adult . 575 .

Fetél '

Adult.

L,

p——

312
620

225 A ’
99

590

324

308
263 .

277

466

106

;1251 :

2p

133

322

145

164

2.3
0.8

2.5

57

0;6”‘ A.

' Experiment II -

-Fetal
Fetal

Eétal

‘Adult
Adult

Adult

' Sarcoma 130

~ sarcoma 180

*._”[Sércqma 180

Fetal
Adult

:  Fetél

Aduit.

»Fefal

Adult

- 220

1,422 1,202

427

256 |

\
|

24l

1,062
1o -

L;1§6

207"

1,809 1,553

539 283

262 .
. 378
k9o -

. 2uk
| bes

;’955'

'  .28i t >v
397,
U6

116A

221

Az

228

16
fl_;365?1 

10.4

'b;ubﬁ'3f

0.91

0.54 .



B well resolved.' Wit

134 of their anino acid residues are’glutamic;acid.(Peters.
1970; Zimmerman. oersonal conmunicqtion)

h) SDS gel electrophoresis ]

In order to determine the size of the uewly made a-FP

molecules, the imnunoprecioitated material from a reaction '
o ' & oo
mixturevwith fetal polysomal RNA was analysed by SDS .

polyacrylamide gel electrophoresis (Fig. 22) . About lO%
of the total radioactivity on the gel co-migratei with the _
carrier oa=FP (mw ?O OOO) -~ This value Varied from 10-23% in

several other experiments. There were four other peaks with

’ moleculsr heights of 41 ,ODO 2).300 16,090 and lO 009 (as ;

, estinated fzom the log AW versus mooili .y greph) Tne ‘

control sample incubated without adied RINA is also shown and ]

k .

__has only back round radioactivitd present,

.The SDS gel described above was - for a sample from a

reaction incubated for 120 minutes. In order to test the

»

'possibility of - the brea&down of completed a-FP into the.[

smaller mo]ecular weiaht species during incubauion.'samples

were renovel fr:m & reaction mittdre after 30 69 and 90

l

'.minute respectively. and the immunoprecipitate from each

F

| terns were very similar to the previous SDS gel discussed

”.7(Fig. 22) except thEt the radioaotivity peaks were not as

activity inoreased but the ovexall gel pattezns here very

;sinilar. This indicqtes that the. breaxdown o. conpleted

‘.da-FP did not- octur.i

-
® .

58

Asample was - analysed by an SDS gel (Fig. 23) "The- SDS gel pat-hvmf

longer inoubation times the total radio-;-h
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~'Flgure 22. .. SDS polyacrylanide geL electronhoresis of
~ an immunoprecipitate of a-FP. 4. 1arge scale reaction -
was done as . described in sethods and’ daterials with -

fetal pdly§omal RVA and 30 uli of JH- leucine (1 ui/mmole).
'H-valine (2 C1/mipole), 20 uCi of 3h-g1utamic, o

20 uCi
acid - (1. 4 C1/miole) and 10 ull.of JH-phenylalanine. -

59

(1 21/mmole) per aml. The 1nmun0precip1tation procedure N

‘ij(as in Hethods and- uaterials) was. carried out on the

_ high speed superaatant. of ‘the reaction mixthre. : The
~ imuunoprecipitate for a-FP was dissolved in 4 . urea,
1% SDS and .14 g-iE, ani run on an 5DS polyacrylanide

T

~gel (see iethods and datérials). The gel was eliced and = -

‘fﬂoounted ag-described in riethods end Materials., " Also, : .
.- the. gel for a réaction with no palysomal RNA added 1s . -
~.._shown. Also shown on this figure is a graph of log -

':molecular weiaht versus aobility that was: determined

" -using nolecular weight standards of: - o~FP (792,230), &«

" heavy chain of immunoglobulin (53,030), a ; light: chain

1'-of immunoglobulln (25 303) O.'and hemoglobin (16 000).. . ',1

+

.._.., with polysomal RNA
D-—-D. without polysomal RVA



- : . ‘
Figure 23. 3823 zel enalysis of a-FP 1mmunonrecjn1~_
tates -- tiue course.  The reaction aizture. contalned

fetal polysomal ANA ani 30 uli of JH- leucine, (1 vi/mnole); R

20 sl of JH-valine (2 C1/amole), 20 uli of JH-glu-
tamio acid (34 Ci/maole) and 10 ull of He phenylalanine
(27 Ci/mnole) per @l. The other components were . -
as described in. xethdds and Jdaterials. Aliquots

weére reaoved after 32, 63 and 0 ainutes of 1ncubntion ; ‘

‘at 39°. Imununoprecipitation of a-FP and 3DE zel e
analysis were done as described  in slethods end’ uater- 2
ials. ['he position of o-FP and heavy and limr huinsa

o of 1u14noaloaulin are 1ndicated.- : :
A, fBO minutes

B.. 60 minuteq"

9) minutes g.  ' S j:';:;.__ ,f”1Q f ‘
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5) Affinityicolumn Chrouatography

. Another approach used to. obtain newly made a-FP from

‘reaction mixtures was affinity column chronatographv with
.antibody against c-FP attached to the column material.

. The preparation of the affinity column (i e., binding anti-‘

body to the cyanogen brOmide actiVated Sepharose 43). the

‘binding procedure and the elution of the column are described
_under the Aethods and Aaterials section. After washing ofr

'1non-bound naterial the elution of bound material resulted

mixture with radioactive a-FP.\ Eluted bound material was f‘lf“
1'pooled concentrated by freeze drying and analysed by gel

"electrophoresis. The results show that orotein produoed

through translation of endogenous mRNA in a fetal liver

* lysete contains a maJor peak co-migrating with q—FP (Fig. f'h

.‘Q:the SDS gel. The product resulting from translation of

¥

;‘exogenous mRNh in- S 30 also shows a radioactive a—FP peak

62

_in a single peak whether using unlabelled a—FP or a reaotion T

'*ZUA) The peak contained 50% of the total radioactivity onillfﬁif'

on an sos gel which amounted to 22% or the total radio- ja,;;}ljf:*'

ractivity recovered (Flg. ZhB) Thdre are several other peaks{sﬁftu'

";nfpresent with %he OVerall pattern very similar to that observed

'f,;in the sos gel of ‘an’ immunoprecipitate or a—FP (Fls- 22).,;

6) Cyanogen bromidelcleavage of GPFP and albumin

The material immunoprecipitated by anti-uwFP and

“?f;iretained by the affinity oolumn that was or lower molecular



‘Flgure '24. Polyacrylamlde gel analysis of afflnity

" column bound material synthesized in.cell-free" reactions. mf' u -

The material oound to the affinitj volumn was analysed

- fby SDS gel electropkoresis. -

_ . o c . e L
AL Tbe reaction mixture with endogenous synthesls of
8 fetal liver lysate (Tamaokl et al.,” 1974) wes applled
© to the affinity coluamn.  35DS gel analysis. of the bound
. material 1is shown.~ varrier a-FpP’ was also present '
. on the gel e-.r_. ~»1"“ ,f‘ ; . R

_B..The reaction mixture was with’ exggenous fetal poly-;fjf;}eiif_f"’”“f“

‘somal BNA and. $-30 using 75 uCl of H-leucine (199
- .mZi/mmole), 29 uli of: 3H-va11ne (177 ”i/mmOIe),FZD
ult of 3n-zlutamic acid (34 vi/mmole) and 10 uli of
- JH-phenylalanine’ (29 Zi/mmole) per -ml. The: SDS gel

7of the affinity column bound material is shown.- :
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:'weight than a-FP probably represents fragments of a-FP. -It_ o
'ihas repeatedly been shown in several systems that antibodies
Aaaaiist complete protein will react with fragments of )
'proteins being synthesiZed on. polysomes (Warren and Peters. o
j1965 Hartlief ani Koningsberger. 1968 Schecter 19?4)
' demonstrate directly that anti-a-FP reacts with fragments of_:lt}‘
B -FP, the reactivity of cyanogen bromide generated fragmentszet”
‘y'of a=FP with anti-a-FP was tested._ Mouse a-FP was cleaved
'ldwith cyanogen bromide as described in Methods and Materials(kf[\ijf

. ang the‘brea&down products were analysed on an SDS 831. Th°7flvff~"

I:liresults of three separate etperiments showed protein peaks

:],with aporoximate molecular weights of 53 000 hl 000 29 000,
21, OOO and 12 OOO (Fig._ZSA). The 29 OOO and 21 000 moleoular

: "guweight peaks are the most prominent cn the gel. No complete Q;-if"

, a-FP (MJ 70 OOO) was remaining. Fig. 258 shows the cyanogen

llf;bromide cleavage products or mouse albumin. The approximate

':eitreactive with speciric antibodies as analysed by double

b’gldemonstrates that cyanOgen bromide cleavage of the complete

"3}1a-FP or albumin destroys some antigenic determinants.r No

.....

iv}{:moleoular weights of these protein peaks were 50 OOO. b2 000. .j;ﬂ;ii

'\f3'28 530. 22 500 and l? 000., Again no complete albumin ks
‘f‘:(MW ?0 000) was remainins.,_infflid‘uﬁ .“_U” “'W;'J. :

L The cyanogen bromide cleavase products were found to be

Sllimmunodiffusion (Fig. 26) The sinsle spur 1n bOth °a$es

reaction was observed between oleavage products of a—FP with s

anti-albumin and Vice Versa. R o

i"‘



Pigure 25.. SDS gel ana ysis of'éyanogehﬁbrdmidé'cl?avégé :

produnts “of «-FF-ahd albumin. The cyanogen bromide

- cleavage procedure followed is described in iethods: .

»_and_Matefialsrj'SDStselfahaIYSis,ofﬂthej¢leaV%3egpr¢;;, |

. ducts was ‘done as described’ in iethods and Weterisls,

- The ‘arrows indicate the orotein peaks and the moleculsr
weight+estimates{ar¢-based;on~the meility“&ndfFig;_zzﬁ
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o

:4 ﬁiguré’zé‘ Double 1mmunod1ffusion plates of antibodies .
”and cyanogen bromide cleavage fragments of a-rP and albumin.A

'Wﬁ.f'h;;i{ | 1) ant1~a-FP 2) a-FP 3) cyanogen bronlde cleaved a-FP,

1) anﬁ;‘;lbumin. 2) albumin. 3) cyanogen bromide cleaved
albuml'?; S , : -

[y
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DISCUSS ION A
In recent years. protein° made by the mammalian
.liver have been synthesized in cell- Tree systems directed
by exogenous messenger RJA. These include rat albumin
(Taylor and Schimke, 1973. Shafritz. 19?4) and ferritin.
-(Shafritz et al., 19?3) in a heterologous rabbit reticu-
'locyte cell~free system, and mouse’ albumin and a-FP in
an homologous mouse liver system (Faber et al., l97h
AKoga et al., 1974) : In the present work, attemnts were o
made to synthesize mouse a-FP and albumin in a- heter- |
| ologous cell-free system using Sarcoma 130 S~ 30.
Some of the properties of the present cell free
system can be conparei to. those of Sarcoma 130 and
iKrebs II 8- 39'3 reported by others." |
The optimum n82+ concentration for poly(U)

: translation was found to be in the range of 7-8 ail,

'1vJenkins et al, (1973) found a d32+ optimum for

*,gdlowering the optimun concentration of ngz* (Shafritz and

:

: poly(U) translation in the. range of 5-? md for similar
"S 30 preparations. Ribosonal wash ractors have been shown
o to increase 1ncorporation at low Mg concentration while(f

. decreasing incorporation at’ high ngz* concentration. thus g

Anderson. 19?0 WOodley et al., 1972. Murty et al.. 19?4).
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N

In the present wory, the addition of ribosoudl Nasn did not
"lter the ngf ootimum but resulted in a aeneral reiuction
o1 v

. of o'enylalanine incorooration.v This was not due to a ’
'defect ofrthe ribosonal sth used since the saae ‘wash prep—
'Varation was found to induce e "Agz* shift"” in a cell~-free system '
-derlved fron aillt liver (unpublished ooservation) o
Presumably, the factors requi;ei for “82+33h1ft7 were,
~already present in the S-BO preparation. o .

Ribosoaal. wash was essential however; for the transla-" ﬁ

‘tion of natural polysomal RNA ln tnis system. This is contrarmg.t
to the obserVation of Jenxins et al (1973) who found thet

-ribosomal wash was stimulatory but was not essential for

. ‘the translation of erogenous mRNA in tneir S-?O prepera-
‘tions. Tne cause of this dir’erence is nct tlear at |
present but it may be due to the different meA's‘ sed.z
Jenkins et a’ (19/3) used - RVA fr&& mengovirus, reoviius

.7bovine entero virus- and .sea urchin egg, while in: tne
"present work” fetal and aiult mouse liver polyso.el RNA wé%f

| used. Conflicting results with r%goect to- the requireuent
'ie o for ribosonal wash have been reported for the Arebs II S 30.;

‘Several wor(ers have shown the translégion of exOgenous

',mBNA in the absente of addeu ribosonaliwash. e.g.. pure

f,glObin mRNA ( QEOb”"Lorena and BaSLionl./l9?L). pituitaryi"ijl T

b,‘tumour RNA (Ban°”° t EE 2, 1973) and bindbis viral mRNAeT‘VT:“' Y

';ffd: }‘(Cancedda and Sohlesinaer. l??h) On thn other haqd
o Metafora e‘ al (19?2) und Mathews et al- (19?2) reoorted“ifo{h}*ﬂli

'iffl-;that ribosoaal wash from rabbit reticulocytes greatly



"a‘ TR

added tRNA} The requirement fo¥ tRNA

_for each -ainino acid for natural mBNA translation ‘but

hinsuffipient tRNA

dependent or not. This 1s probably due to inactivation of .

1
) L4

stimnlnted'protein synthesis dependent on exogenous globin

mBNA or EnC virus RNA.

“Pranslation of natural mRANA in the present systen did

not depend upon adied tRNA¢ in contrast 'to poly(ﬂ)-directed

\

phenylalanine incorporation which was highly dependent upon

phe in the poly(U)

“system would be nany fold greater then the requirement for

tRNA speciflic for one amino acid for the translation of

naturgl’mRNA. ‘The $-30 apparently contains enough- tRNA e
N

Y

 for optinal poly(U) translation.
phe /

Metafora et al. (1972) and Aviv et al. (19?1) reported a

Krebs II 8-30 which was tRNA dependent when used to trans-

‘late exogenous natural mRNA., However. Jacobs-Lorena and

. Baglioni (1972), also using a Krebs 11 s-30, »failed to find

any»dependenoe'on eXogenous tRNA. Benveniste et al.4(1973)

showed thet S 30 pre—incubated for: US minutes was indepen-

-dent of added tRNA for protein synthesis while S 30
,pre incubated for 100 minutes was dependent upon added tRNA.
K Jenkins et al. (19?3). using a Sarcoza 180 3-30. also

'reported that varying the'preqinoubetion time during-prepar-d S

.4 *

ation of S 30 determined whether the system was tRNA

N

. _tRNA during pre-incubation.‘_“ ';z[

'@ The time course study showed that protein synthesis in

the present S-30 system.continued for at Ieast 120 minutess



.Jenkins et al. (1973) showed continuei initlation of
protein synthesis after U5 ainutes but did not continue
the assay‘for a longer tine. MNost 1 reports on the Krebs i1
'systen show protein synthesls stopping after about<60
| minutesn(Jecobs-Lorena end_aaglioni. 1972 Mathews et al.,
1972) . N |
An ettempt was made to stimuletefthe system once
,incorporation had slowed'down.. The 1ncorporationjrate
was slower from 60 to 120 minutesethan for the first 60
minutes of-incubation.' After 90 minutes of incubation
various components were added; . € e ey mRNA. ATP. GTP and
 $-30. The best stimflation was achieved by the addition of

mRNA and ribosoaal wash,_but was only a 10% increase in
leucine incorporétion (data not shown) It seems that the
decreased rete of 1ncorporation from 60 to/lzo minutes
cannot be. attributed to a lack of any single component but
’rather results from a general tiring of the whole system.

R Riboscmal R}A stimulated bac&grouni endogenous protein
fsynthesis and 1nhib1ted protein synthesis when exogenous mRNA
was present._ Mathews and &orner (1970) and JacobO-Lorena :
and Baglioni (1972) both reported a similar stimulation gf

' background protein synthesis by rBNA., Since rRNA would not

e expected to have any’ messenger a°t1V1ty- the stimulation

:»‘scan be. explained on the basis of protection of endogenous:fjf

mRNA against nuclease action., vVldenoe for such a Protective S

E effect was reported by Jacobs-Lorena and Baglioni (19?2)
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 Using purified globln mRNA they els'o reported. hcwe\}er.' |
'that TRNA stimulatei globin. synthesls, presumably aaaln‘
due. to protection of mRNA acainst nuclease action. Thelr
datanis shown in Fig. lB.along with the results obtained |
with the present'cell free system. The contrestlng data
- could be exolained lf one considers the ratio of total rHNA i
to active mRNA in the reaction mixture" Above a ratio of
7ebout.lg*l Jacoos-Lorena and Baglioni's data (Fig. lSB)
begin to show lnhibition. Nith total polysomal RNA the
ratio of rRVA to active mRNA 1s probably at- least EO l

(if not lOO 1) lnltlally. So,.wlth the-adiitlon of-rRNA
an 1nh1b1tlon occurs. Thls lnhlbition may be due to the
‘presence of an 1nh1b1tory factor in the rRNA.c;ecaration
or blnding of TRINA to soue component of the reactiod
<,m1xture resulting in an 1nhib1tion.g‘f _'

Since the protein synthesis in the oresent cell-r“eefr

"system deoended upon the presence of polysoaal RNA and .

L ribosomal wash this system can be used to deteruine h;"

whether the lac& of synthesis of a—FP 1n adult liver 1is. 1ue

‘to the ieficlency of mBNA or a soeclfic initlation factor.'u°

o

.yThe presence of specific lnltlatlon factors to certaln

'"5eu<aryot1c nRJAs has been ienonstrated previously (Nudel

——

'e. 19?3 digle and Smlth l9?h Heywood et al.. 197&). «y,: N

’ffThe present results show that all three riboscmal wash

t:~ipreparations tested (fetal liver,.adult llver and Sarooma

= 130) were actlve “An supnortlns q-FP synthesls in: the presence U;:’llf



e

of'fetal polysoual RNA. Adultipolysoﬂal RiA -on .the othef‘l
‘hani 414 not-direct(the synthesis.of aeFP in_the presence
of any of these'wssh ofepsrstions.' This>Was not due:to"
dearadation of mRNA since albunis synthesis was observed
usina the sane adult ualysoial RNA preparations. It was
oontladed that active mnNA for a-FP is deficient in the
adult-liver. Possible linitina steps in the produotion of
~active o-FP uRNA. incluie the synthesis of RiA on the DVA
wtemolate, structural iodificiation of mRNA and trahsport
~of mRJA froa the qucleus of the oell. | f e
Since the assay of a-FP and albunin was based onﬁgmmuno~-’

.”precipitqtion. 1t 1s or critiﬂal importance thst the anti- =

\<bodies used were speoific for tnese oroteins. Two immuno-.

logical tests (Ouchterlony double imaunodiffusion a%% immuno-fa';""
"electrOpnoresis) indioated that tne antibodies were
_nonospecifio (Fig 3). Quantitative precipitation of o-FP S

»and albumin by these antibodies has been shown using samples

5

- containinm radioaotive a-FP and albumin in various pro-

‘V_portions (Tamaoki et al.. 197& Aoga and Tamaoki. 19?&)

"_:The rate of syhthesis of a-FP and albamin in vitro as

—_

'janalysed oy imaunoprecipitation oorrelates well with the

in vivo levels (serum concentrations) or these proteins*; .:]-flf.
throughout fetal ieveIOpment (&oga and Taaao&i. l;?h). -
t'Various cell-free systems in whioh no a-FP synthesis was ifiﬂ—“”’”
| expected (adult liver lysate. free polysomes from fetal

. liver ani Sarooaa S- 30 systen with adult polysomal BNA or

.
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_ without any exogenous nvA) gave only bac&ground oounts :
with anti-a-FP. Furthernore. the cresent results were very |
sinilar to tn0se obtained with the honologous cell free e !J.

'system (KOga et al.. 1974), in which the synthesis or a_FP

- and albuhin nas been establisned by polyacrylanlde gel

Few o -
Q‘i—' .

electrophoresis.. The inuunOprecipitab}e counts. presented
':h above. therefore. provide a valid measure.‘at least |
proportional to the amoupts of newly formed a-FP andv.
h”*albumin. ,"‘,i - e e t rlg'{;;lf’ o
SDS gel analysis of imnunoprecipitated protein B -
revealed that from 10 25% of the total protein was com}lete

-FP molecules. However. it has repeatedly been shown in .Ahziui"
several systens that antibodies cgn bind to nascent poly-.f

| ipeptiie chains (Warren and Peters. 1965. Hartlief and d

' fxoningsberger, 1963 Schecter, 1974)., In fact this is the

‘fibesis for selective imuunoprecipitation of specific poly-_iiii
.usomes.» Specifi mRNA can then be 1solated from these '
-1polysomes (Schecter. l??h) It ls therefore llkely that

vﬁfsmaller size proteins revealed by SDS gel analysis represent
:.‘nascent o-FP molecules. Support ror this possigﬁlrty was ff""
'obtainei by the observation that a—FP fragments }Jﬁﬁf"fo<;%>isri
'}'(Mw 12- 53 000) produced by cyanogen bronide oleavage R |
.:?reezted with anti-apFP.; Albumin fragments.:slmllarly

:'.obtained. reacted with anti-albumin. There was no crqss

'i:reaction between a-FP fragments and anti-albumin and vice

..A:fiiversa, which indicates that the speciflcity or the &ntibodies
‘ gi . ~ ,. » ‘A ._ R ' ‘ s s “ L

rt‘

-
-
o P e "T:_
-



.exists at the level of frannents. Specifio reactions of
antlbodies with fragmented an)laens have also been Shown

=w1th other proteins treated uith proteolytlc enzyues. They

{

.1nclude: human albumin (Press and Porter. 1962). nyoglobin .

',(Crumpton and dilxinson. 1965). and TMV protein (Young et é_..

\d

The fornatlon of pOljpeptide fragnents appears to be

'a property 1nherent to cell—free systems eaploylng exogenous

r:;,}mRNA.. There are a number of examples 1n the 11terature.

~When EﬂC virus RNA was translated 1n a Krebs II system,~upfrsp:e?;sw

‘fproteins of dlfferent sizes were synthesized.; Thesev?“'v'v o

:resulted from premature termination at nany points along the
©RNA (Kerr b al., 1972 Bolme et %%., 1972) Similar R

v_findlngs haVe been reported for Tdv RNA 1n a wheao serm

4;

. oe11 free system“(Roberts et al.. 1973) and fon Sindbls ‘.i:;i.”'{

. virus RNA 1n a &rebs II system and a rabbit retioulothe‘;;,,.;:‘

.fsystem (Cancedia and Schlesinger. 19?4 Cancedda et al., e337f“

- j1%;1974A. 197“3) Shafritz (19?#) used a rabbit retlculooyte

Y

Tcell-free systen to translate exogenous llver BVA.» SQS gel
"tanalysis of lmmunopreclpitable naterial (for élbujin)

gshowed that greater than 901 of the counts were 1n poly-lg_- ‘

Ta;Peptide conponents smaller than albumin.,,For the &rebs II

-"tf;systen other reports of inconplete protelns bein@ synthe- gs'f?jlfJ%

‘=:;'sized 1nclude: lens crystallin. (Zelenxa and Piatosorsky,__?,}if@ﬂf

L 1978) 5 light chain of immunOglobulln. (Sohepter. 19?“);

.f{trxptophan oxysenase (Schutz et alo. 19?3) Also. w10he

.

N S




” premature termination or translation resulting in the syn—v'

- .’\

*

ét al (197&) reported the immunoprecipitation of fragments

of neuroblastoma tubulin synthesized in a cell free system.:'
| The, question arises as to why inoomplete proteins are

synthesized in these. cell rree systems., One possibility iS"'
~ thesis of fragments.. This could be due to.a rare species of :~..§p
tBNA being limiting or some structural feature of oertain~“ .
sites on an mRVA which results in ribosomes being released;;
Mathews and Osborn (19?4) have shown that the rate of elonga-.:“li
tion in the Krebs II system is about 25 amino acid residues |

per minute whioh is only one tenth that in vivo. They

'fi attribute premature termination of Enc viral RNA translation,ﬁ7;;1»

_complete translation of a—FP mRNA would require about 23 .f;?i&i

: through 8 better understanding or the protein synthesizing

(see above) to this slow elongation. If it is assumed that

the rate of chain elongation in the present Sarcona cell-:x'""'

free system is similar to that in the Krebs II system, the ygif*r g

minutes. Thus, large mRVAs. such as that for g—FP and
albumin may be subject to a greater chanoe or nuoleolytic
attack Partially degraded mﬂNA tould oonoeivably still

direot the syntnesis of N terminal fragments or proteins. f}E:th\“

e
¥ AR

/ Prevention of fragment formation may Only be acheived iQons\x;;J

e machinery to bring about erficient and maximum utilization 5::‘

. _' Of mRNA 1n eell free systems. R

o L.
g P
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© CONCLUSION

The Sarcona 18 S-30 system used 1n the present work
.,.:‘depended‘ upon ribosi nal wash for the translatlon of polyso:nal
bbRVA. This was usei to advantage for shonlng that the
synthesls of a-FP was. dependent upon polysonal R&A from
‘;fetal 11ver and was unaffected by tbe source of ribosomal
lTﬁwash; The 1nab111ty of adult liver to synthesize a-FP "
"tis thus due to the deficiency of active a-FP mRNA.' It 1sr=fd.t””

: )
'concluded that c FP synthesis 1s coptrolled primarily at

‘ 'feat the level or transcrlption. Further study is neGESSarY a.'“

T to determine which step 1nvolved in the synthesis of activei”ﬁfﬂfi

i:QmRNA (synthesis or RNA on tne DNA template. modlfication

ff;fof a-FP._ Future work in this area must be direc%ed toward fﬁ@&i%k

. :"ysynthesized.i This could posslbly be done by 1mprov1ng the'ff;jffff

:"“‘;ffcfoould be synthesized. The cDVA could then be use

/%iior transgort) 1s responsible for the reductlon or a-FP mRNA;b\b
'eiin adult 11ver.,__,;5;_-" ,] S ""4 ’t."t y

- The cell rree produifs recovered by using antlbody

e‘were found to contain a ccnslderable amount of fragments

‘_1ncreasing the percqntage of complete prcteln molecules

et

‘cell free system to 1ncrease the stability and efficiency'";"

.Zof translation or 1ons mRNA's. Another aporoach would be,‘iffffguf
'";;to use purlfied a-FP mRNA rather than poldsémal RNA.V’JF'l

W1th purified a-FP mRNA. oomplementary DNA CopNay




~establish whether the lack of active - FP mRNA in adult
.AliVer results frou transcription not occurring or from
vsone defect in the modirication of precursor urFP mRNA
"'into aotive mRVA.: Structural studies of pure a—FP mRNA

- may reveal features of the molecule that affect its.

~~stability ani account ror the declining synthesis of. a-FP
?.‘l.in developing embryos. | L o o | “ ._
These studies on a-FP may provide an opportunity for S

~1tunderstanding mechanisms regulating protein synthesis

'ieduring development and carcinogenesis.

o
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