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- hhus relmeving ﬁhe inhiblﬁion ef the eparwbar gﬁne and

:aubaequantxy the stxuctvral genea. Rapras&icn eaulﬂ oaaur

by a direa% aotion on the aperatnr gene, or hy Lh@ inaotiVation B in
’Af of an 1ndunar substance. The ﬁcheme ig aepiote& diagrammatica@ly
in Figele A | E
_ A eaniaarable amaunt Of avzdanee has heen aﬁvanoed
;f'in aupport af thiﬂ typa of aentrol m@eh@niam. An inereaae
i‘in uynthm ia of Rm& ha@ bean shown to preﬂeda the increase
in enzyme a@tﬁvity (Paraee and Fveatidge, 1961). ~ Some of
“this inoreaﬁe in Rﬂ& yag csnolu&ed to be due to m@asenner RHA

un the basis af hybriaimatian experim@nxa with apprmpriate

aggmenta of QﬂA‘(Attardi, Naonp, Rouvidre, Jageb and Gros, 19633
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F16.2, Models of the regulation of protein synthesis.

from: Jacob and Monod (1961)
J. Mol. Biol., 3, p.344




1 11%piege1maﬂ aﬂﬂ Hay&shi, 196 ) ~Furﬁﬁax, the ﬁélecular
| size of a .E‘:cact.mn of RNA, belie‘vo& "ce ’bc—:- the messenger RIA
5_ of - the gtruoﬁural genes of the 'lac operon' was cénsisﬁent
- with a polyeistronie maaaengégx(au%tman and Novieck, 1963)
A aé_préﬂietéd by the theozy.
| ﬁedent Pindings have necessitated modifications
to this théaﬂy.e It wag Griginallﬁ gupposed that the messenger
| fg“RNA molecu!e would nnxy ande xar one protein after which
- it would ‘be debraded. Hnwever, the existonece of polysomes ‘
,in‘haic’ceriai cells (Seizaechtér, 3.963; Schlessinger, 1963)
ﬁ'~ " | | '. Z implieq that move: uhan one nolypvpbide uha;n can he formed
o ‘Aa_iat the same tame fram one m@saanger RNA molecule.  This is
' suppDrted by the kinatla atudie cf Lovxnbhal, Kenyan and
_Haga (1962) indlaabing th&t the average measengev HNA

fﬁ?fmoleeula 1n B.subtiiis may be uucd +0 produee as many asg

Vi;l; eopm@s Qf a praiezn.lf Purther, sxnep baeterial enzZymes

jﬂ?;are generaily ccnﬁ;dered to h&va litﬁla or no dcu*aﬁqﬁlon )’3?

'}?(Hognaaa, Gehn and Wonaﬁ, 19 5. Koch @na Lavy, 19)5), nne’

i#},would epreb a polye¢stron¢c mcssengpr, &ueh as - thase from |

B ;fathe h;sbldmne and 1&@ ayerons (Ames and Hartman, 1963) to

n‘lpzeduce the uame numbon of melegulas of all prutezns codea

1n the yolycza%ron;g MESHAEEe, ﬁawever, Zabln (1963%), has

' -’~‘s:hown tha't the :t.n't::caaellula.r levels of B-galoctosidase and
ihiéé@laqﬁogide{txansaééﬁ&i&se'diﬂfer by a faétor of 3581e

.ITéLééaount>farTéﬁéh{anaméiies, several aathbréfhave suggested

- a further control mechanism at the translational level vhich



O - 167;?35
P ;dete£miﬁes tﬁ;ifrequen§y bfAﬁ5eﬂ9f ééﬁh»@&ﬁ% of the
polyeisﬁrdnia ﬁéqqagé (%piagelm@ﬂ ané Hayashia 196353

Amés and Hartm%n, 196%). In addition to these‘modifieations,
-the Lhﬁony Qf Jacob and Monod still loaves m&ny iniarestlng
"questionu unanswered. Por oxample, lf the vepressors
- are praﬁeins as ig ﬂenerally bmllave&, are they aleo spubjeoct .
to the Samv bype of control mechaniam? if so, the extension
7»Of bh;s argument mst lead to an exceedingly eomplmﬁanea
| fs;ﬁu&ﬁzon; Naver%heless, despite cortain ung aﬁisfactary

asyeahs of the experimental eviﬂenae, it seens Jihely that

~"p j:increasea 1n proﬁein synﬁhesms in ba@terlal ayatema may be

";”1n1t¢wbed at the ﬁransoriphaon level as QHFQGSbGd by Jaaab and.

) ‘Aanod.ﬁ

Goﬁtrol mechaaisﬁﬁ in rcrenovnﬁing haéﬁéfial cells,
Vhowever, only offer a useful guide to possible conerT mechanisnsg
Cdn nannﬁrv1d1n$ mommalian . tmswues. 'ihe Qt%enﬂﬁve and rapid

B turnover of many mammalzan pxot@inﬁ, s cppused to proteins in .
j“baoteraal cellsg introduces tha poaalbllzty thnt other mechanmsmng f

o such aa changcs in the rate of hreak&own mhy operate ta incronae f*7:

5;3the tlssueAluvel of a protein.‘ Furﬁhor, th@ mcfnhology and -

\:'7_;camyOQ¢tian Qf bhc‘ganatic app@ratua in mnmmalian callu is Vast135ﬁ°‘7

\ d1ffeant from ﬁhat in ha@t@rla, empecmully in the amount of
DNA—asaoczaﬁed hxstcne in the former. Hlsﬁanea cnce nore
l:ara Qan%idereﬂ %o  be 1mplicamed in the regul@t?en of gone
‘E‘aativity in mammalman aplls (Huang and B@nn@r, 1962; Allfrey,
Taulkner dﬂ& ﬁirsky, 964) a;ter a’ conaiderabl@ period of

neglect (stedman and Stedman, 1950)
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Control Meehanltas in Mammalian Tissue»

It has been known for some time that certain agents
such as hormones, dietary factors and specific substrates
can affect the tissue levels of many mammaliem enzymes and
proteins (Knox, Auerbach and Lin, 1996). Such systems
are now being extensively investigated since they offer
excellent opportunities for studies of control mechanisms
of px“otein synthesis and turnover. An increased rate of
protein synthesis has been implicated in the hormonal
induction of many ensymes since the observed increases are
abolished inhibitors of protein synthesis (Freedland and
Harper, 19588 Segal, Beattie and Hopper, 19628 Goldstein,
Stella and Knox, 19628 Schimke, 1964)# Such a mechanism
appears analogous to ensyme induction in bacteria where the
increased differential rate of synthesis of the induced
ensyme is considered due to an increased production of
messenger RNA (Jacob and Monod, 1961), However, maqy
increases in ensyme activity, notably those produced by
injection of specific substrates do not appear to involve
an increase in the rate of protein synthesis but involve
either activation of preformed ensyme (Peigelson and
Oreengard, 1962) or stabilisation of the ensyme by its
substrate (Schimke, 1964). Some of the concepts of
control mechanisms which have evolved from these studies
and also some of the difficulties encountered in interpreting

results are discussed below.
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T i hapdly S v:n wprising i&n .*i: hovgones can alter
| anEyme as"{:;wi'b:im in bissues In *e;:ic-w g}:ﬁ‘- the obvious
g:z?;};pj&;iﬂl@gfiaal eimé. enabonlonl 'ﬁzf.’ma@fc}:smﬁans gl?i’;:)fim}@ﬁ by
- thom Dol ﬁim OPHESNNIC of mmmsicz 7y msm@? oheRes wz?:i.f;*i;*x v363
&f“hmr endrogen  adudl mf;t:e;*ammz o a&zgmmﬁgaﬁ prinalss mc Wb
vork hao now i;ld:m;a:u&fi how some of the. eﬁ’?{éxﬁ;@ ol horsones
Qra ﬁ.é"*izim%aii ab the zsmieamxmé;* 'Tf;'szz“s;«‘ala‘

ixmf*m@:e*bﬁ goid Icwmﬁm, :—‘ﬁ:ﬁ@h‘- a‘;sg hydroconilnone, | 810

dmown o limmam *t*'m 3@'@0 L o am‘“ ;3.;:1 Liver chwymes involved
| ! zis:; sem‘ina zm:i,d, maﬁ:@b@lx, f:':mn e*mn z,:r,yﬂ%g::;phm yw.s:an 656 and |
o -tymr'in@ Tranganinese (¥ mmm,r, i) 06 4 fm mﬁ (35. chzezwy .,md
}Em;‘lﬁ,gg , 1£5§5§§).* hay M, 30 gs.,ef*m ewlw aﬁ&"{‘ﬁe m‘;s* i m

ggfi{ﬁ@mwai :k:a emyﬂms. (& cahez*, &3*250@3 cmd m 1 se 5,56)3:) a »ﬁn
the ofl xm hm&, .i,m)u.!,m aunmcm:m ’E»h(?f:%(.‘ fa wcsmm sonlo
onEyHea m% luﬁucos Bcﬁaﬁmn f:lym?ymc e:m WIRes (Webow b al. ’ |
1965) ‘i‘hcnaca mmma mmr;‘i mﬁ; be o diveot emmqmmm of -
? ﬁm aem.mx e:;f mm hoomones cm ‘ehc wate of protein mrn{,?m:m
: o hE@fﬁiﬁi&)Nﬂe _;ﬁ‘ezs? a;tamgjym.,. hyémsw ,lmm ig known a,ﬂ inorenso
| Hhe .!.ch;l m am.}m ma&s eﬁ 3. e a,f, the m;pmm,m of muﬁcmgsmmm}
vherean. :mmﬁ in £ ol 1l mmgy the CNESY :::i' msmm 3&3‘&9 V
1:&*&?@3:* cseii:isa f}mf«wmzemﬂm *ﬁim &1‘753&‘%?’%5’9& G ‘gm e i tlms,m hmﬁnams N

di}a@s be o m%ﬂé&af‘v vi‘@mt mmt:c*& b:y uﬁl%w véﬂ ong din tha

E,ewem of &ubﬁ’k‘*‘*rﬁam L0 these ensynat. “i:,ammm@lv, the

- odnjestion {:s'é’ mx‘im*‘ozr@,imx nza.y QLRG0 a5 URSUBPee w&l “welease of

hovnonas su@'h ag those of ma azr‘im‘m., m)rf.mg, .,.n -*nmpmm )
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to shoék. The induction in liver of tyrosine trans“minqse‘
by tyroaine may fall into this category, since normal
adrenal funotion ie neoesaary,for this response (Knox, 1958).
In addition, studies wiﬁhlparmbnea may be cemplicgted by
interactions of hormones in vivo, The stimulation of
uterine metabolism by ocestrogens has been concluded to result
from an'increase in adtivity of BNAPdeﬁendent RNA polymerase
sinoe the effect is abolished by yretreatmenﬁ with actinomyein
(Ui and Mueller, 1965) However, Li‘ppe and ‘izego (1965)
found that a signifloant prapmrtion of tho 1nhib1ting
_influence of actinomyein pretreatment 13 due. bo an
aotivation of adrenocoxtlcal secration by the antmbzotio,
since endogenous a&renecortiecmd& are known to counteract
the effect of exogenous Qeatrogens (Szego and Roberts, 1948)¢
The oa-ordination of harmnn&l wotivxﬁies ana their close
=involvempnt with the levels of-intrqceliular-metabolitas :

‘imay therefare chscure dmfferpnces in the actlon of hcrmones

'ip;and suhstrates on enzymﬂ mnduction in vivo. |

rortunately, a numbﬁx of antibaotlcs have beeome
available rccently whioh 1nterfere at different stages 1n
pratein aynthesis. Twc whiah have been extenﬂxVQIy used
":for these purposes»ame aqtinomycin‘mnd puronyein, and their
discerning use has provedié valuable‘foel in iﬂveatiéatiana
of control mechanisms. |

Actinomyeins are a series of coloured peptide

derivatives produced by strains of the streptomyces spocies.
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1f%ha anﬁﬁbiot;c has been ﬁhuwn ta farm cnmpWGX@q wwith mm

*ﬁiﬁ_;;(KigK, 1960, Kawama%a snd Imanishl, 1961) by hlﬁdlnb

:;wuanina res Lduea (Jmmse, Kﬂi&@r wnu Kornh@rp, 1961)% 1%
' ‘?iiis thaught ta lie in bhe narrow’ groev& nf the DHA primer
ic,mnleoules (Hummlccn, Puller and Reich, 1)6)), thereby
- blaaking the synthesiﬁ_pf-mgwsenger REA by the Qﬂﬂraependént
RNA nuoleotidyl transforase.
Puromyain.is prcduéed'by the actincmycetes,
streptomyces alboniger; (Porter, uewitt, Heaseltine,
Krupka, Lowexy, U&ll&ﬁ&g Bohonosland Williams, 1952) and is
74 gomposed of an ammnanueleoaide 1inkad to pﬁmethoxyphpnylalanmne..‘
:”it is a stxuatural analapue of the berminel group of |
.ilphqnylg$anyl‘sENA and is thought to“operate at the Lgvel-
involvihg‘th@ snﬁﬁsribosémal complex, substituting for éRRA '
and bclng relemsea with *he incomplete polypeptide chain
by the incaminy sPNA (Allen and ﬁamecnih, 1962) The use
of these ﬁntiblotics has 1nﬂicated cartazn dlffarences
:‘in ﬁhe machanlsm of enzyme inductien by Juhstrabgs an&‘_-
.%;_;f:hormonﬁq which will be dir Qussed belaw. : o
hji;ﬁormone Induction :-‘ | B -
Ag@nts sueh és puromyein whzch 1nhnbit protein-;}

'”Qieyn%hesis also 1nhibit the glucoccrtncomd 1nduct10n in}j:

Lt ::1iver of ﬁha folloulng anzymes:- | ketoglutarata~wywﬁﬁ£ﬁe |
( transamxnase ﬁnd tryptophan.pywrnla 15! (Goldstein et al.y 1962),
1utamabe—a1anine transamina e (%egal at al., 196¢), oertain

gﬁiuconoogenzc enzymas (Weber et al., 196;) It has_'
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| ¥%harefereﬁh @ ﬁcqncluded that the&e observed &ncrcases

;andfmany othcr ;:

'ﬁd1t401, enzyme inductian by ﬁheae

,ﬂhormonas (WilllamsnAshman, 964) 1ﬂ abolishod by acbinnmycin

! **#whlch suggeots that 1he;r aximary effect ig. éae fc addxtlonal

_i?“ynthesla uf RNAg partzcularly measeﬂger RYA.\_ Whis l“
'i ?wunyorted by eviﬁenue of an 1ﬂcrenaed aynthesxs of rapmdly
I}labolled ﬂﬁA in livor nueled, following the @dmin1stvab10n
tof hy&vcnortibona (JPtV@Jl and (}snes9 1963) and ccrtain
apyarentlv spleﬂiivv increa 108 in ﬂimilar RNA.fwactlons
in liver by a VQriaty of harmone3 innludinm androgenb ana

oestrapansg 1nsulin and thyraxino (K¢daon and Klrhy; 1964 ).

"‘ As might be oxneetgd, these lnereaces in RRA qynthea¢s

amo ahnliﬂhea by actmncmyeﬂn. Gn the basms‘oi studies

on the induction of ﬁopa“deaarﬁoxylé%e.iﬁ,tha laEVai foréAof
'Ghiroﬁﬂmus by the insect metamorphosis hormane-eé&vsaneg
Kaxloon (1963) has prapnscd o wnifying hypothesis of

enzyne Anduatloﬁ by hormones whereby the hoxmono modif&es
‘1the zaﬁe of transeription of apecific genes, Ladyaone vasa
foﬁﬁé ﬁo’rég§t with$the nuelei of the epidérmag‘gélls : |
(Karlsnn,:gekééié &gd Maurer 196 ) #& tcjérééﬁée 9ﬁuf£*

'reglons nf hléh RNA %ynbhaa s av. c@rtaln lOBl on the Fian%

z_fehromoaonaﬂ of the salTvagy gland. Purthor;RiA.fraotlmne
' qlﬂolaced frﬂm Lhe 1arvaraxtcr havmene br@atm&n& were

‘kfound be qtimulate thg syn»hesz cf dopw aec@mboxyluse 1n

_____

*ee’prote;nasvnthehi?lng svstem nrepared fram r&t lzver \if“?x
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(Sckeris and Leng, 1964)s  This result was atiributed

to the presence in these fractions of the messeﬁger RNA

.- for dopa decarboxylase. In addition to the studies with

actinnmycin,ﬁuﬁhem.work in‘Vertebrate(anﬁ mamualian
systens sup@ﬁrﬁé gueh a mechanism.of horumone actions
Aldast@rone has Eeen shown to react with the nﬁcTQi of
cells of a target organ, taad,bladﬁer Lissue, (Porter,

cited by Davidson, 1965) and a similar rescbtion has been

‘observed vith TSH and guinea-pig thyroid cells (Creenspan

and.ﬁargardiﬁég 1965). In addition, Begg and Munro
(persénal commnnieatiom) have shoun an inoreased-aetivity;

of DNA—dependenﬁ &NA polymeras@ in fragmeuta of thyromd

'nuwlei afbar @mpoaumo to TSH.

~In conclusion,‘th@ prosent evmdcncc 1nﬂicatws that -
enzymne &nduction:bytmany hormones analves an increased
rate of aynthgsig qf”the enzymic protein as a rosult of

an iﬂcre&sed vate of messenger RNA pxoduetion.f” Tﬁe

. effects off many hormnne% are not vexy apecific, ﬂince

" ]aertain hormones, noﬁanlv anabolic hormones, appear to

' £Lffaffect many dlfferan% erg&nsw Any‘apeaiflclty"of actidn |

"ﬁii}mnst lhcreforo raside in. the targct oruan rather bhan 1n ‘

""  ﬁha hcrmon@. _ Plnally, mn view af bhe OGmpllcdﬁiOnﬁ ﬁ“

' qriaing from 1n vzvo sbudies it wou?d be most- devmrablo.

' tchbtaln nozre d;peu%,ev1denaeiuf the primary site of ..

action of hormones from studies in vitro, before ac@epting ..

present ceﬁdgﬁté«pf thelr mechanisms of action.
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Substente indusbion
Mony of the onpymes mgoentioned previoualy vhioh

ara induced by hormones ey alvo be apporently induced
by thelr specific éubssi;mﬁ;@a ox diniaxy foctors elg.
tryphtophan pyyeelase, asyginsse and omithine fi:zzmzmambyﬁ;gﬁ&m
{Sohinke, 1962). $hese industions nea g;‘;mmm'ally much 1more

sneclflc than thowse of hoxpone industion ond e,}pucm? to
involve o d:i.fi‘amn’t: mechoanlon elnce many are insened tive ‘59
aagafs:inmya:in 1 (Gx‘mangaxfcl, Balth and Ao, 196% 'u.m‘ii thevelore
do rm%; ;izwafwa ezﬂé:ifieml mcammmmﬁ NEA oy vmhe':sw.. ‘ﬂmg
intmaﬁion of %:r;grptemimn m?x*.m},zme b‘y' :f}; Lm:hmx }mw ‘boun
mﬁat cmt»mmwfe’w atud; wd (c;"‘t»:i gelnon and {mzamfgmﬂﬁ, 19623
Cimran\ sond ond Achy 19623 | &313‘3153!{0? a}"i; é?:,’lu 9 s.f}ng;j e faduation
appeso ‘%Q mvwlwa ab "*ea&mt o di ft@rem mmhmmmm
C Wiretly, amall amr:zmm of.' gubstrate may aotivate pmfc;a;qmetl |
ouoyne by inm:iama ng tht:: ﬁ”é:mzzm”i 1ty of & ﬁnmmtia
progthotl <: éc@r’mzp m::cwsa:m:ey fox eng wyme ae mvmwe ccmé.ly, 4
e:xeesxaa subpirate may stebilize these m"f'yf 463 m@&am& Le
ssodnst dogpradation and thorchy cause on méﬂ:mlmmn of
engyne without affecting its rote of synthosi Bs.

These studles stross the need {0 tl‘:i:aﬁi@;ni&;h hotwoen

atderations in eheywe levels as g ropuld of ohenges in the

rate of synthegis and ghavges m the rate of breakdown. In
view 0f the videly ii:if,ﬁ‘ﬁz?mﬁ; rvates of turnovey of Lliver
angynos, 1t seons manﬁ,’ms—: that hormones may increase Sho

vobe of oynd h(”&iﬁl of mony nmoro engymos than is gonevally
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coriscived. "i"hﬂs *i;}m appaz "en% sgomi‘im Lyf-: eé‘ a hc‘rmoma
"fa‘z.‘ a@ gi'ﬂ ma egxf?y*me mey Gf"w '*ei‘lm’ﬁ, a high- Ec.,*'ue 0*‘ %ua*mvw

m me. exa‘%yina, ..

. 1.

| '5?&&; -.:ﬁ@ﬁ@é 0f, the Frosent i@scz‘h}gggﬂ
?Bew he b\??oaa advantages of feg:;éitim for .
shudlos lézﬁ‘ ﬁomml moshend om in protein ﬁgymhas:.,s and
fupnover, *z?enw kably little "t-%f;gk hos hoen done in this
mmmc}'h‘icm, i»mah of the meamt knowleds }a of iva metabolism
comes Tfxzom lbs x@.ﬁ.fa in dron mebabolism end its relationship
o another ixzv:m ghorage su’n g ume called hm;amc:ja:i.&e;}fﬁ.n. |
Yexy 1:2,%‘1@ ig yvob known of i;h@ factors af:é‘ea‘bingg the
:ma'i,aﬁmlmm o *i,ho }}?‘@LQ.}.H moloby despite the velative ease
with whm}ﬁ ‘:3.‘55‘ magv be :;.503.&, eﬂ.a . The elmmi.eal aatuve of
m:v;m:i.hn’i md w.»ht, meg@m Zmow‘t.ecigc, of ,‘;‘ts metap‘&é&l;gm are

ﬁm&wwm} belm;.

‘“é.‘im ﬁhe&:;wal sm’mrc} m F@m‘im& 31

I‘e'mm:ixa is now !zz’noun ‘é‘o accm‘ in 2 aa(?,ea varie {‘y
fc:’:i;"ésé imlw&mw imse m thebr i:zec ((.’wn'mh; '1946),
.,.=:ixavag:&ebm, eas (Reah@? Bossjtz mﬂ Emtm«{"em 15;5\ 1961) r,mi

13'* m‘a‘:q (HV@'Q’ 'f-ie:iﬂg;a and Bivns %3‘31@ 1959) g Gﬂ‘lslﬂb*‘s m?

*

e




\ ?ja homogoneous proteln, mpoferritln (M V. 463,000, Roth@n, 1944)'*

" zn oombmnatlon ulth varlablp amaunﬁs ef sn iran salt
(Graniek, 19#6) uampleq af the readlly aVailable

ferrltzn fram harse spleen may canﬁaln as muoh 88, ?)% of‘f

:'_‘thalr dry wei oht as 1ran (Laufberger, 1937) Thls 13

”iif;'belleved ta be present 1n the f@rm of a basic ferrlc ?hOSPhdte

"’Af5§ta which ﬁranlek (1946) has 31VQB the emplxmeal fermuia

(I‘eOOII)a 1"@01303}12 Tt may. therefore be calculmpa t}mt a. o
lvhsingie moleaule -of ferr#tin can centaxn as many as. ?,)QO
| aioms of dirvon.’ Hnder the electron migroscope ierrltln |
appears as a Spherical shell of protein, 9;—1223 in diameter o
(Parrant, 1@;4,: Harrlaan, 1963), enclosing eloctron-dense
iron micelles 2?—30A in dlameter. :“hese ocfupy a total
diameter of 74A (ﬁa&rlson, 1963). * 'fhe ivon can be easily
: - removed chemlcally from- iprrltin by d1a1y81$ aﬁalnst
' auitab1e reducing agents (Laufberger 19)7,4)threns and
'Taubert, 1952) to pra&ucegthe iron=free protein moiety,
- apoferritin, Bcﬁh_ferxitin and apoferritin één be
ér&stdllized from solution with aadﬁium sulphate (Laufberger,
1937) -as 1sotropic oubic crystals, generally octahedra
(@ranick, 1946) or vith caesium chloride as anisotrapic,
pseudocubic platy crystals (Richter, 1964). - The early
studies of Mazur and Shorr (1950) showed that ayoferﬁitin
nd ferrltln had the same electrophoretic mobilaties in
the Tisellus apparaﬁuﬁ and alsn the same- 1mmunolog1cal

propvrties.: ff‘ o
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“§§§fﬁéﬁf, xpray crystallography ln&iaated bh@ presance of

_?ubunits in mpaferritzn (Harrisan, 1959) ;@ter, ehomlcal'lﬁﬂéf" _}

fjanalvses suggested that thcre are ?0 chnmzcally identical

iikby succinylatlon (Mainwaring, 1964,*}Harrison, 19(4)

’Ehe quatevnamy structure of fErr¢tin h@s been ':5~f’

’~f %deduced from Xyr&y diffraction snd eleotrcn mxcroscopy.:
"fiﬁhe prebeia ahell is thcught to eonuiat of tventy suhunits  '~
| ranée& 1n fha form of a yenuagonal dodeeaﬁcdron

' T(Ba;riﬂcn,“ 963); he dlqusit;an of the ivon miqéllés"
iﬁ this s%rudﬁure iéistill uﬁcert&in.& ?&rr&nt (1954)
ﬁpoﬁght tﬁatlthay consistpﬂ cf“féﬁr subunite Lt'the'
yéiiieeé of»aQEQnare‘ Ke*r dﬂ& Muir (1960), hﬁwevor
1hggested that there are‘sxx subunits arranged at the
vertiees of a regnlar oet&hadran. Both sﬁrvctnrestﬁﬁld
fat symnetrically into o regular ﬁOQOGthﬁ?On m;nce hath

' are suh»yroups of the éodecahedral grou@. Ircn is thaught

‘to enter ﬁhe melecule thraugh ahannals abaut 8,)A in diameter

"fwhich may bc seen by “negative ﬂtaxninp" metLo&s (?ichter,
19}9)# _‘;2: ‘
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Polyimorphign in Perritin Molesules

Baxly studies “Slng mavany boundary olectrophorosxa
sugrested mhah fervztln and. %poieﬂwitln pwoﬁdrcd GhOMIG&lly*““h
_ _from it had identical gl@etrcphoratic mobilities and vere
apperently homogenaoua (Mozur and Shorr, 1950).. Recently,
‘hewever, samples of ferritin from many specics have been
separaied into a geries of multiple bands by eleotrovhoresis
in Starch:énd acrykanide géls (Kopp, Vogt and Eaasé, 19633
Richter, 1964). This could be due eithor to differences
in the genetically determined primary structure of the
various ferritin fractions or 1o physico~chemical factors
not involving differences in amino acid seguence. The
vardious fractions cannot he distinguished by_immunalogiaal
procedures (Richter, 1964) bub have-oqna%&nt:mobilitieé;

By contrast, Saadiv(196a) maintains that each'eﬁ the
separated fractions, afler elubtion and concentration,

gives a similér electrophoretic pattern to that of the
original mixture. In addition, in‘n&arly ali investigetions,
the relative abundanée'af each band inq:eaﬂeutwith ite
elecﬁropho&etie mobility, the main band usvally comprising
65-85% of the total (Richier, 1964)s ° This, together with
Saadi?s obﬁarVaﬁicus, suggests an aggregatian @h&ncmenon,
gince almilar gclg segregate other substances, such a8 RHA
('sancv, 1965),by virtue of fheir molecular size. However,
Carnevali and Teéceftlgéa)‘havg reporfe&‘large diffeﬁenqés

in the relative abundance of the fractions obtained from




o

? 'feriitin fron 6ifferenﬁ humah‘ii%@ré- This ohserVataon

1@ oontradlctomy to a b1mp]o phyaical uggregatmon

Dh@nomenon wiless thc Lendency f@y sggregatlcn 1s an

_f ¢nheron& yranvrty of s@me yhysiae»ah@mlcml dxfforéncc
. hetween ﬁha.samplgs, such asva high ivon content of .the

Fervitin.

sone further abaervatﬁnns are relevwnt 4o the

problem of nalymorphisn in ferrltin moleculen, The_

obseﬂved heterogenelty is not due to differences in the iron

gontent of the ferritin molecules since apoferritin

prepared chemically from wnfractionated ferritin exhibits
a similar heberogoneity (Carneveli and Teoce, 1964).

This is also supporﬁed ﬁy the fact that the bands on the

- gel arve disovete, whoreas there is a conbinuous -speatrum

of”meleaular satueation framvo %o 25% iron (Gﬁénick,'1946).
Ey conhraat, nauuxal apofpvritlﬁ (M.W. 465,000) separated
from the iron contaxniny fractions by ultracenurjfupaticn
io homoganeous on gel alectfcphnre«is snd has a 51m11ar
mohillqy to the O(maxn band in.uniraationmue& 3annje of
ferﬁ titie Further it is possibl o sep&rat@ the 0(

bard from the chars by amnonium sulphate fraetmanaﬁmon

- or by'mean of suc?ose densiby ﬂradments (Kapp, ngt and Maaas,

196;, 1964) These procedures‘ara known %o soparate
fertlﬁnp of dift@rent iron content (ﬁazur, Litt, and Shorr,
1930) but 1t seems @ossibﬁe that thcy wzghi also s@parate‘>

frawtions af different ?arf¢ele slze.



-"Tﬂ;édnelusicng‘the eviaancé‘sﬁgyeatﬂifhat the
quabserved hetercgeneiﬁy nf ferrltzn mOleGanﬂ from one.
"Tspécses may not he due o genetlcqlly datemmmned dlfferences
- in prlmﬂrV sﬁructura of the separated Tractions buf Ho

Q;ﬁ?"somé phy51co-ch9mica1 fgetcr such. a8; aggrogation. The '

<"r‘exp1anat¢on for hhms aggregatlon is 0bscure.w Houever,

:Wgtims“hnownlthat iron-rich ferrmtin malecules forn cry&talllno f"

1n;cells (Besﬁls and Breton»@armu&,ll9g7;
”Riohter 1938) whlch many regard us intorneﬁiates 1n the o

;:fﬁformatlon ef haemoui&o%in, & ra+her mllmaefinn& aubatanae

i!whlch has a. hzghar iran uantenﬁ than forritln.; Thls .

S suggesta %hat the tendencv for aggroraﬁlon of farritin

:mnleeules may increasa with ixnn content anﬂ‘eventually .
;‘gave rise to haemosidermn in tho cell. |
In addition to the heterogeneity obsér&ed'in the
Ba@e samples of ferritin from one species, Tichter (1965)
has recently provided evidéncc of gen@tlo dllf@rences in
sauples of ferritin from normal human liver and eertamn
human.carainoméa. He fauné that the ferritin_from
ithese ‘careinomas also saparated inie three‘fractions
o= P and X ~) but their mobilitiea dlffnred from
© those of the eorreapondlng fractions from normal humaﬁ
liver and spleen. From ﬁha prectieal yoint of view, nt-
R is therafore valid ﬁo ‘take all f@rrltin frﬂetinns from &

;“.singie source ta huvc the same aminn aawd structure and



‘ 3.};ﬁg°e$unah1y to be re{vlaﬁed by & common meahanlsm of @ratcin

gfbbﬂssyﬁthesiwc‘

'\‘:i'IIe"La.'bolism ex_ Mz:ritin

.....

-}Q“leaﬁs to an e&r&y aagumulatmon of ?@rfi%in 1n mety u¢saupm |

léﬁ,ﬁuﬂh ag tha vaer npleen ﬂﬂd 1ntestina (Frani@hg 1946;
I:;jﬂineberg dna Gm@@ﬂhé?&, 193)3 ﬂailm@yexp 9;8; %hadan
”iiifan& ﬁuurgeon, 1962) An increasea vate af ayn hésisvhas
‘”t?beaﬁ im@licated iﬂ this respanse (Eineher and &reéﬁhergg
: Ji‘1955), 7 R&t 11Ver ferrit;n san bhe csmpletely ayathésised
*?Hfrom the frme amino acia pael in about 6 mlnntes_
(Loftfield-ana Eigaerg-iaﬁﬁ). Crude AQ&Q%EOﬂ Abion of ”46-
\»Labellea fop rmuiaimnleaules by wltracentrifugation inéiqg%eﬂ
that axine aplds wéférfiraﬁ iﬁnaﬁyerateﬁ iﬁtﬂ the fxaations
of ﬁhe loyest imon eomuann (ﬁiﬂﬁberg and @xesnbar@, 1955 )4
_Thia ﬁr&ut¢33 wes aleo olaimed o have the highest level of
'5$Fe’&nae@§s nation (\aaur ana Gxnenq 195&}, althougn their
:”ivmaulﬁe alqa aﬁﬁ%came o Wigh level “oft ineerymxatlan into
1r9n~r1&h fmaeuloms &t @awly bima 1nhervais.
%he tuknaver of Lha urat@in an& if@ﬁ muiebles QP
fervwbia nea& 0% e - wynénxououﬁ, Jinﬁe izon may be ’a'f
~iﬂacrgarated ar remmvaﬂ fr&m,feﬁrabla in vive wiﬁhouﬁ an.
‘faccompanylng Mynuhesie o de vaéa%man of! mhe pretein moi@ty
f»(uazu? and ?aﬁ&vtam, 195;) . The anas?parxtian of iron
vﬁn*vivo inta iﬂﬂrl%iﬂ is uhougnt ta reqmaxs Aﬁ? an& assarbia

*acld (Lcewus an& E neberg, 19“7) anﬁ uay iavalva hanvhine

5_ mmiﬁ&ﬂ& (@?ﬁen aﬁd ﬂ&ﬁuw 1957) Both pwaups nf workers

e



R
S

; consmdéred bhat only f@rﬂaus iron vas invelved in Lhe
1ncorporanion or remOVal af 1ron £rom ferrlbin.u naaur,‘
Baez and Shorr (1935) alaim to have denonatrated the |

‘ presence in ferrltin preparatlons of & small amount of -
ferrous iran, about 0.?% of the total. Tnev consmderod
this-fractlon te e at-or near the Surface of the moleculew""
and. to be anQIVGﬂ in. the ﬁranafer af 1r0n. Iron mav a ﬁQ
be incorpacated in'gaﬁgg mnto chemicwlly preyaxed 9pof@?rit1n
‘(Bielig and.Bayer, 195),‘ Lcewus and Pinebere, 1957;

Viazur and Green, 1959), but H&rrlson (1964) has found
dmfferenees in the dispogmtion af the irnn.mn,thé mxcelles
of the synthe%zc and natural ferrltin. | -

Very 1itt1e is knaun af tha factors uhiaﬁ affect

-thefﬁurnovpr of 1iv¢r'ferritin;, Helwig anﬂ G%éénﬁerb,<“u

B (]952) fuunﬂ that liver ferritiﬁ inccrnorat@d amino acidm
at a pr@ator rate Hhan nixe& plasm“ proteing in gulnem-pjgs;
_Its speezfic actlv1tv decreased wlth a half 1i£o of abaut
2, weeks.' By Qontrast, Flneborg &nd @reenbprg (19;5)

L 'icamputed the’ half life of r&t 11VQr f@rri%in tQ be abcut
140 hours. This f@rritin had been Obtalne& from onlmals |

>hAwh1ch ha& been pratreated wiﬁh iron bafﬁre vecoﬁV1ng Hhe
fgiabelled ammno acld It in not certain whather the 10Q57
_acids or. whether some may be conworted ta hnemosid@rin(

5(Shoden und aturgeon, 1962)



' lt would be bf c5hsiderible 1nremm t to determine

’ |'

1¥whow iron a&ainistrabmen,affgats ferrxtin met§b01ism gnd alao'ﬁ,“ﬁif“

to aiqanvLL how ivon br;ngs ahout the zndnoﬁznn of farritzn.

The. earlv QVldGMCe off Pzneberg and Gre@nb@rg (l95)) suggesﬁa

‘ﬁhat arn iﬂaveasad de hove synthesls of apofermztin is involveﬂ.

In add3%lon, siﬁﬁe thl present worb vas compietgé, it

has been.alaimed (Yuzuﬁlfhnebexgy 19&5) that th@ stimlant
actzon of 1ron on aminc acié ancorpsratlan 1nto ferritzn

3 pratezn cnn he aba]mshed hy §retroatment uzth actlnﬂmycin.

”hese authors conslude& that the in&uction of ferraﬂin

protein by iron involves an incrcasea raﬁe of synthe51s of

: lbs syaczfzc me%ﬁenyer Iﬁ&. Thus iﬁ‘would appear that

iﬂe 1nﬂvot10n of lpr"ltlﬁ by iron da analegaus to the

1nﬁuﬂt1en ab the level of negaenwor Rﬂ& aynihEﬂis of many

enzymes by h@tmOﬂQS- o | |

”he pnoponed studles of the xnéuauaan mf fe&ritmn by

A1ron veqviee & meams of seyarﬂt the pwotemv in sufficmontly:uA 5

o pvve fbym fov accmr«te estimatlonﬂ of 1ts apeciflc acterty
 £§11ow1nF the gn;ectman'of 1ahellad amina aeids._ Tt-wauld
*7alsa b@ desmrable to insluae a meagnrp of ﬁhe ﬁctal anount. of

gﬁgrpitzn ygotein 1n{1i?er, The mothods. availnhle at present
;for férrifih!iaélﬁiiaﬁ‘hva'séveral>sericus &iﬁgﬁvantages whmghf
:ﬂ“,will be dmaeudbed 1at9r. , fﬁ addiﬁioﬁ; 5ltﬁoﬁ§h séﬁe‘ |

%3Tmethoﬂﬁ are QVQilable for eatlmuﬁinﬁ ﬁh? teual amount’ Qf



| _-127L~A-;.
forritin iron in‘lnj-.‘v'er.‘(‘l).rysd&lé @x@d Ramsay, 1965), they do
L not ?&Qvide a reliaﬁlé'méaSQrément of ferritin praﬁéin due to
poss;ble variatiéh.in the iﬁon:content of férritin'samples
from 0=25%,
This work descxlbos a campletcly new‘method for the -
‘isoiétion of samples of rat llvar ferrmtin-iorvthe estimation
‘“ 0f the incorporaﬁion,of labelled amino acxds.\ @his ﬁaa also-
 .:allcwed s to ualculate the total amount of ferrmtin prctein
”‘;;1present in the 1iver. Samples of ferrxtin purlfled by our

f.ff,methods gave aevar&l discrete bands on eleabrophoreems in

acrb’lamide gels. This apiiarenﬁ P‘ﬂym‘mphwm hés boon

:i‘f‘? inwestlgated in view of thc psssmblliiv thet the b&nds may be
';};derlved £rom Prﬂtﬁins “lth aifferent aminﬂ Rold Beanenose.
. »nnls would sugyesﬁ th&t each prstein mey have & separate contrOj n

{*f‘m@chanlsm for its bxosynthesls and o con§1dﬁrab1y compllcate

“‘2:ithe propcaed studies. The 1$o]u$ion procedures devmsed fOr %he

"‘thisolatien 01 ferratxn and the 1nvesﬁmgas¢ons into its apparent

f‘polymarphlsm are described in the firet two seetiang of the

. expeximéntal wo;k. Lator sections are concerned with kinetic
studiés of the inductioﬁ of’ferriﬁin by iron-fbllowed by |
investigationé of the effeét of.ﬂiét'anﬂzactinomyain on the”>‘
induction praceéé; ~ The remaining section geals‘with factors
which affec%,ihe rate of turnover of ferritin., These studies
have led ué to propose a mechgnism whereby -iron affects

the rate of syntheésis and bréakdéﬁn of rat liver ferritin,



GENERAL METHODS' AND MATERTALS




gi?QAadequate Pwotgmn cantent or & ﬁrOtQIH“fTQG &iet for a

'v;.zaévf:

This sectlon 13 intended tm eavvr genm A,

g}methods which uere not devzﬂe& or  m:}ded n" *hé caurse

Aof thia researchf _ Thc syecial teahnlqueajﬁevélapoﬁ by us'
4are dascrihcé nndor the approPrlabe ﬂecﬁibns.

égimal _ _ ‘ 7 _

| fawlt male albino rate.of 150-190 g. ‘body veight

vere wsed in all s%uﬁies. In no-gingle experiment did
the wemgnts of the anlmaln in the grouy dlffer by more
than 5 g+ The animals‘ﬁexe hqusad un&er t@ermgatatic _
onnﬂitions.and were normally fed“on»étogk giét.-,Thq"
use of-a standard sigé’of ot bredfin'our éwn;éniﬁﬁl
house and meintained undei‘cohtiélled‘cqnaiﬁions‘wag.
Ai»boﬁsi&éréd'impoﬁtaﬁt:in minimising variaﬁioﬁé in

: ferritln ccntent of the llvor duo to age und dmet

'(Kaufmann, 196?; Bhattaeharya and Bmh, 1964)
i nlets
In investiaatlens 1nv01v1ng conﬁral of ﬁiet  5.
‘E? the isacalarlc regimes of Munrn and Naismlth (1953) wero

}fﬁfolloweﬂ. Stock anlmals were maintaaned on diets of

-+ given to"the ahimals are given in Pables 1, 2 and 3.




Pable 1

Adeguate vrotein mixture Exotoin-free mixture
10%  mavgarine 107 margarine
16.5% potato starch 45% potato starch
16.5?5 glucose 45% glncose

57%  casein
This mixture was fed as the second part of the diets

shown in Table 3.

‘.?ai)le' 2

Vi tamin-Mineral-Rouchan e (VaLR. ) Mizture
&% sodium ohloride |
24% 446" sall mixnbure (¥anzo, 1949)
45% vitanin mixbure
11% Ager

149 margarine

Tgble 3
Dietoary Repime

Time Diet Weight given/150 g.
body welght

Adequate Protein-free

protein group grouyp
9,30 am  V..R. 18 i3
Glucose 5 e 5 &
5 pm Adequate proielin ’
aixture D2 & ———
Protein-Lree

nixture - Se2 &




e 29 e

e
‘)’ Glasswure was freed frcm iron by immersion
- “'goverm{g,ht in 6 i hyd.mcmexic acid followed by thorough .
| rlnsinf in dsianizad water,
Reagegts 3
4 ‘;$4Rifg;gdévreagants were used when peséiblé
"{and.most ﬁé?éﬁfaﬁnd séfiéfacfary f@? use except pomoniun
. ‘ghlphate; . This‘latter was freed from iron by boiling
‘a aatur&téd aqueous aolutien with 0-phenanthralene
(o,.ma:a,n,w),P soaiwn sulp}me (7.5 mif) end -*m}.phurie acid (25 mi).
JThe iranmphenanthxolene complex was extracted with
';ipropanpaual=an& the agqes aleoohol was- balleé off from
| fhe aqueous 1a§ér. The solution wag then adjusted to
appxox;maféiy pﬂ-7»by heating in a slight excess of
aqueous,amﬁ@pia (sp.gr. 0,8&).4 The iran'confent of the .
éaturatad solution was found to be less than 0.1 ug/ml.
._Iso'bopes |
k BL}leucine—19814 (Gode o« UFA 78) of smpecific
activityLﬁggbfme./hM and adenine-B8«014 sulphate (Code No.
;A<GFA dé} éf’séécific activity 5-19 ma./ﬁM vere obtained
"frnm tho Radloehemmeul Genmre, Amersham. DBoth isotopes

were aissalved in sterilized isotonic paline for injection,
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Egﬁpﬂratien of, drystallina ferritin and spoferritin
These wore prepaved from rat liver and horse
spleen, ILivers were obbalned from adult male rats
(150-200 &. body weight), some of which received ferric
emmoniun eitrate (20 ug/nl.) in their drinking voter
foxr three weeks tc enhonce the amount of ferritin
regovered, lorse spleen was obtained fresh fxom the
élaughterhousa. : Grystal;ine ferritin preparcd from
each tissue by the method of Graniek (1946), éas
reorystallised four times (¥ig.3) and chromatographed
on carboxymethyl (CM) aelluiose (eapacity 0.7 meequiv./ge,
Serva, Heldelberg, Germany) by the procedure of
Dryadale:and Remsay (1965). Apofervitin was then
prepaved from the purified rat liver ferritin.by'the
dithienife'methed (Branick, 1946) followed by removal
of traces of iron with 2,2' bipyridyl (Richter, 1964b),
Its identiﬁy waé gonfirmed b& crystallization with
cadmium svlyhate (Fig.4)s  Samples wére freeze-driéd
from 0,001 i ammoniun acetate for use o8 o étandamd

for protein estination,

Esti@&tion‘cf Protein

| Ferritin prateiﬁ’was.estimaﬁed by thé method
of L@wnygiﬁasabraugh;,ﬁarx @nd Rondall (1951) using
rat apoferritin to obitain a calibration curve (Fig.5a).
The éxtincticnsohtaiﬁéd vere similar to those fox

erystalline ferritin, provided that the welght of
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ferritin used was corrected for its content of iron
as (i‘aﬂOI)Ei’eOPQ H (Granick, 1946).
. The protein centent of samples of diluted
liver homogenates was estimated by the same Lowxy
procedure, Serial dilutions of a homogenate cf rat
liver vere used to aonstrﬁct a calibration eurve (Fig.5b).
is it did not seem practical to prepare a sample of
mixed_liverzpratﬁin for o standard it vas assumed
that 100 ug mized liver protein would have the same
extinetion ashloo ug bovine serum albumin. 'Th@
protein concentrations shown in Fig,5b have heen
oalibrated aeﬁgrdingly.
Estimaﬁion ox lron

After any necesaary pretreatment, irvon wap
Aredunea.in soluﬁlon with sodium sulphite and ccnplexed
| with 2,2' bipyeidyl (Hill, 1931) at o8 4 - 4.5. The
optical density of the pink faorrous bipyri&yl‘aoluxion
%as measured ab 520 ma and the ivon content estimoted
from a galibration curve conatructed from o ferryic
ammoniun suléhata gstandard (fg.6). This method is
véry vobust yet allows acourate estimalions of as little
as 1 ug iron; ‘ |
Tc%di Lron

éhé %atél ircnﬁin gsamples (less than 0.2 mle
vciume)(was és%imatea as the ferrvous bipyridyl coumplex
after the sclujian had been digested with sulphuriec,

perchloric ond nitric acid as desoribed by Ransay (1944).
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Calibration curve for the estimation of iron
ferrous dipyridyl, final volume 10 ml
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mm&mwmm D }:ersums
Seobion 1: IE MALL—uGALP ISQLA“TON or ;;‘
FERRIVIN TOR 'l}HM ASSAY OF THE INCORPORATION

oF Mo-LABITIED AUING ACTDS

Procedure fow %he-isolatioh cf'raﬁuiiver farritin.
lesﬁa of purity. oa the isclaﬁed £evr1t1n.

Application of prouedure to . stuﬂies of tha
incorporaﬁxcn of 1%G-nmin0 acids into fervitin

bemyariqon of gpecific acth1ty nv 143*1aballe

Ferritin isolated by the new proceduﬂp and by

immnological precipitation.

Jonolusion.




Bl ‘35‘) ae:\i‘
TR B mm:m 1‘; 5 18 i‘f{»s"“ff ()‘h f“ﬁ:‘ FERRIVER FOR THR
i %&%AY O WHRE 1? m{PO i&'i‘"i;[}il Or
14 ‘bu?;MS SLLED fH"{E\K} Ai}li'.fi}u

in m:*dear to follow the incorporation of ‘14{:-
1abelled fmlmé‘ rmmg into ;E“ézéritin, nathods _wei:fa dovioad
£0r &La ipolation from auai] gauples of rat liver.
Xn.thimsawati@n %hese prcneﬂuﬂea are despribod, togoether
with teote af pupity applied to vhe Tipal properation
to detopnine :rl*iss} -m:im‘b:i.‘}iisy »f.'m:'- the sbove purposo.

E’é’uaﬁ mﬂﬂmdﬂ M‘ :amlm,m,gg faprditin for studien
Q? iha iﬁeaegamv%iun 9“ 14‘ amino n@i&ﬁ involvo
mmumﬂm*‘mal 3*{3{31‘1{1\13“&5 (mmatmxw @M Gnoonberg, 1955;
met;ii_‘;’%,ai&d and Ef *gmax‘, ‘,,9 5803 ﬁa. :z.tﬁ:i émci Pyl 1&'-36@';
?uj;ﬁ:isi Fixm&;@m’,‘ 196}5}, 'l‘hése mmmﬁs, hwc\vm, have
‘sovoral aew%ﬁua ﬁ?aa&#&nﬁagwa. - The Quanﬁ; v of
.ﬂwe%éﬁn rp&ﬁéeﬁe&.ﬁn the antxgunnanbahady ﬁx@&ip&ﬁaﬁ&

rmes with bn@ canﬂatiana of pweomaxtation xnd-ﬁequzmea
coreful, m&mﬂmﬁwp bmn (;l inzm*: and &%Iwm:' 1950)s. . In

addits en, ‘Lh@ m*aducﬁr.m e:}r fsut?i’ialent ranﬁmwmn i.cr um

?I-lfvevi&ﬂn of small m&mmuis ceﬁuisea a prmhxh;lmvaly

Ii,;; ‘ge mutber of ::r,mr;;;}}.ﬁ‘ xzmm ’whmn They ,-}’“’*Wﬁ b@enz
ssuifsahxy ;:_:ﬁ%x-eazd:e&., i&:ifth :.Lz:é'n ‘s}:fmmam“{;;ikum to anh:s;mrm
the amaunf of i‘amii,in recovared, | An .almz?m,t:iva
proaedwv m to mégmm an mi;:uwx*mn m the HOR®

roadily availeblo }mrmugymm foryiting, which hae
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been shown to nraas;regétiwith thenferritin'of~othér

| speeies (Mazuf‘an& Shorr;,i§48) and to give~quaﬁﬁitative
feryritin prééipifatian‘under suitable circunstonces (Mazur,
Green and Carleton, 1960).  Such an antiserum, however, is
much 1ess:a§nsiti#e tﬁgnthmolagous ferritin antiserun

(Mpzur, and Shorr, 1950). TFurther, it is necessary to
puriﬂwaurxhéx cnyé%éiiine‘h@rse~3pleen farritin"as other
nnnufermitin'éntigen% have beenhdemnnstratea in this
preparation (Patterson, uuszko and Pruzanski, 1965),

Finally, sone preliminany purifaaaxmen of tmssua ferrmtin

moy be necessary to aveid adsorption of other prutexns on L
to the antigen-antibody precipitote (Mazur and Carleton, 1963).
The alternative method of isolating ferritin‘af%ér
orystallization withvéadmium_salphata and gel filtration
(Patterson, Suszko and Pﬁuzanski, 1965) requires relatively
large.amuunts of tiseue ahd recoveries are incomplete
(Fineverg and ¢reenborg, 1955:)".

The procedures developed in the eourse5bf this work . 3
for isolating small amounts of ferrifin involﬁé?adifferences 
in chrematographic prepertieslhetween ferritiﬂ*aﬁ&.ofhér
" liver proteins; DLAL~cellulose ‘has been previously employed
in the purificatxon of rat-liver ferritin (Mazur, &reen and
Carleton, 1960) but the final product was onLy 30% pure.

Drysdale and Ramsay (1965) used CM-oollulose to separate ferxitin .

~ from other iron-containing proteins btut their aonditlona
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do not exclude other proteins from the fervitin fraction,
iIn our new procedure, severalvrecognized general
processes for tho separation of ferritin have been
combined with chromatographic techniques on Cli-gellulose
and Sephadex G=-200 to achiecve a final purity suitable fox
measuring specific activities after the injection of
labelled amino acids, With this method as nany as
12 samples, each containing between 50 ug ond 1 mg. of
forritin, can be conveniently processed simulianeounsly

in 12 hr, of working time.

MAT%RIAQg;g@@ MERHODS

Beﬁgrminatien,of Perritin Fron

After the estimatien‘of iron in ferxitin, 1t vas
necessary to regover the protein for estimation of
radionotivivys A pxoceduxe wag thewefore deviped that
would extract the iron from ferritin without hydreolysing
the apoferritin to frasmoents that were no longer acid-
preoipitables A modification of Hill'e (1931)
bipyridyl method for the estimetion of iron in the
ferrous state vas chosen, with N&2503 as the reducing
agent. The ferritin-containing solubion was made up
with water to 10 ml. in the pressnce of Na2§03 (75 m1),
2,20 bipyridyl (0.05%) and acetic acid 6% (v/v).  After

heating at 100° in a water bath for 1 hr,, the colour
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 U‘baeve1oped was vead abt 520 mpe  Eetimabions of iron

made by this mefﬁm& on a sanple of ﬁufified‘férritin wore
compared with the values ubfained for ﬁotal‘iron after

digestion with a mixture of ﬁaso4, H6104 and EN03 as
desoribed by Ramsay (1944). The values given by the two
methods are given In Table 4 which shows that the values

~ objained by the ferritin iron procedure do not differ
significantly from those giveh by the method for total iron.
‘The recovery of iron was 96 I 3% vhich indicates that the

new procedure measures all the iron in ferxyitin.

Determination of total ferritin ivon in liver

The mqthoﬁ used was aséentially'that gf Fulton and
Raﬁsay-(unpublishea) as modified by Drysdale ond Romsay
(1965). Thg~pﬁgcedure is based on the scparation of the
two major non-haem iron substances in liver, ferritin and
haemosidering by heat coagulation, - IFerritin, which in not
in the coaguluﬁ; is thereafter separated from any haemoglobin
whiahuéseaQad coagulatbion by ammonium sulphate fractionation
ond ferritin ireﬁ agtinated by procedures which avoid
interference fron haém ivon as de$crihe& above,

An extract containing all the tissue ferritin
was yre?area from an agueous rat-liver homogenate
(200 we. /ul.) by hieatingss 80° (Laufberger, 1937)y
followed byﬁreméval'of the heat-toagulated tlssue proteins

by centrifugation., TFerritin was precipitated from this



Table 4
The Estlmwtion of Iran in Perrltmn _ :
Optical Density at 520 mu.of ?errcu* Diyyr:&yl Solutian.j'

New Motho& ~ Ramsay (19n4)
"'0,219 R o "'= 04249
04226 0 o.ean
'.6.255 | | 0,233
0.264 " 0.235
0.255 . o 00236
0.287 04252
0,275 0233
0.244 | 04242
1HO;247 .“ . 0.232i
04249 , o - 0.242°
'_50.219 | . owe0
0,229 . .. 0s226 .
Hean 0. 236 - 0.010 | | ”01246 i 0,021

The iron 1n 12 equal portlons of a sinple prepqratlon
of horsa ferritin was estmmmtpd by tho method for ferrmtin
'flron described on page 34'1 The oyt:cal denu:ty values

gnven by this methoa have been compared with those obtalncd
 fr0m 12 smmmlar portlans u91ng a published method for the

'estimation oi total 1ron by wat ashinp (hamsay, 1944)
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stand for 2 hn atb 0% to allow complete pxaaipitationi

' fraction by 509 saturation with (M

‘ m”Tha,iran content of the precipifate was estimated as
deseribed above,

Protein geparation in polyacrylaumide gols
Gels 13 o, 1éng cantaining(&% of polyacrylamide

{with E%Ioraaswlinkage) in 50 mM~trismeitrata buffer,

Igﬂ Te9, were run‘fer_Q-hf, at 200v. | They were stained
simultaneously for protein and iron by immersion in-

& mixture of Poncean S (BQOS%) and petaésiﬁm'ferrceyahidé
(0.2%) dn 3% (w/b) trichloroacétic acid and were washed with

5% (v/v) aoetic acide

_ Imnpunoelectrophoresis ‘

Saméleé of antigzen were applied to the wells
of a 1% (w/v) agar gel on glass microscope slides in
veronal buffew, pH 8,6 in the LKB 6800A immunoelectro-
phoresis apparatus (LYB—Pradukter AsB,, Stookholm, uweaen)
Tlectrophoresis was usuelly garried out for 1l hour using
a current of 2,5 ma/om. after vhich the antiserunm ﬁaS'
applied to the central ditoh and the gels stored for
20 hours at 25°3to.aliow precipitation to occur.
Honmprecipitated probein anﬁ the excans snbiserun were
waghed from the gel with physiological saline and the gels
were dried by heating frum.an overhesd lamp., The antigen=-

antibody procipitates were finelly stained for protein
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" with Ponceau S and for iron with potassium ferrocyanide
Vfﬁsﬁdasariﬁédrfﬁr the polyacrylamide gels,

. getination of M0 radioagtivity in protein presipitates

Protein precipitates were taken wp in warm |
0, 1i-Na0H and plated on &iscéAoﬁ_lena paper as Qééeéiﬁé&
»ﬁysﬁarﬁaw and ﬁiﬁer (1955) to standardize selfw
,abseigtion._ Nbrmallv, samples oontaining 250«750 v
~of prote;n vexe platnd and. weve comnted to a atandard:;
“error of less than 3% with a Nusleambchicaro Qorp.

‘gas-?law caunter

S ologieal iso]atiun of ferwibmn from‘ﬂatalivar |
1(&) ?rag&ratxun of anﬁmsexum: |

Aa 1t was conﬁm&exed that the produetion in
rabbits of sufficient antisenm o xat ferritin waul&
,baé%co expensivglin numbers of.r&ts, an antiserum to
thé'méré reaﬁiiy available héwSGéapleen férritinAwas
 prepared, Such an an%ise&ﬁﬁ?ﬁa? been found effecﬁiﬁa
£b¥ the'quéhtitativa isalatién of f@rritin.froﬁAa
'f'sui%able extrécﬁ‘of rab 1iver bj Mazur, Geeen and
Carloton (1960) Horse sﬁléén ferri%in was prepared
ag.des ermbad on ?age 30. “Before use, the ferritin
séluiipnwwas chxamatagggphed on colums of Sephé@ex
§-200 (Pﬁgrmacia, ﬁépsﬁla) in an attempt to remove

foxic cadnium ions remaining after crystallization.



This proved a fortuaate choice of precaubion as it
hoag since been shown (P&ttarsam, Suszko and Pruzasnski,
1965) that non-ferri tin anbigens are present in
crystalline horse-spleen ferritin, bub cen be removed
by chromatography on Sephadex (=200,

(b) Immunigzation

Twelve male Californian rabbits, each weighing
about 1.5 ¥g. vere immunized with horse-spleen feryitin -
according to the method of Mazur snd Shorr (1948). Jefore
iLinmmunization, blood samples from cach animal vere tested
for non-specific precipitations with rat ferritin and found
to be negative. Bach rabbit received o total of 30 mg.
forritin over a period of one month, The ferritin was
given ag a suspension (1 mg./ml.) of on slum precipitate
(Kabat and Mayer, 1961) in saline on four consecutive

'days of emch week. The dose was doubled cach week
throughout the month. During the first fortnishi
injeotions were made into the marginal ear vein. Hovever,
as four of the animals died in this pmriaa(apparently

from anaphylactic 8h00k4)and.as the veing became

oceluded, all further injections were given intramuscularly
into the hind logs.

About 50 ml. blood were vithdrown each wveek
from the ear vein of each rabbilt after the fifth week,

The sera were stored separately in the refvigerator.



R

‘Xn ord@w ta maintalnzcr baast the antihody level, each

'anlmal wase given furﬁhor doses of 10 mg. f@rritln oach

nonth. Alsa, as a safleguard agmins% poasible irnﬁ deficianéy,.'”

each way given an‘intramuanular,inj@cﬁian of 200 mg..
ivon as “Inferon" (ﬁenger)

(¢) Tests of Specificity ond. autibu@g bitre
On the fourﬁh weak afber the first bleeding,

;the gera were tested for thenr apecifxeity o rwﬁ 'é
-ferrjﬁlm in the proposed test syﬂfem. Thig cousisted
©of ﬁhe supern atant fraction xemaxnlnwvafter heating

'”gan &queoua (1:5 u/v) rab-liver homogenate to BOO

'”*-fbllnwea by vemoval of the coagulated protoins by
"ffgentrafqutng. The weoagulated fraction, which
iﬁ;d;ﬁtains all ﬁha tissue ferritin, wes concentrated abont-
‘:1;10 fold by reverse dielysis against polyethylene glycol

v.?k?ﬁm.U-209QOO) nnd finally dialysed against veronsl butfor

-éﬁikpd 8 6, D 07M’bef03e immungeloctrophoregza. The

”anﬁjserum to ﬁhe harsenapleon ferrztin vag uged to d@taet :;
‘Kﬁany anﬁmgenzca}ly active proteias diatribmtedllnvthe,;;;f
-'a{gvl (PL&.?) |
Gnly one. ant¢g9n~ﬁnt1body precipitan hand wan

;g;.aenegtea, ‘ ﬁhxs stalnpa with both EOHGG%H 5 and yotaugiumfg
;f;fErrooyanlde and was naerexﬁre»eon 1dorsd 0 he. ferr;tln.
K‘é;;Thiu &omanstrates “that only ferritin will be gxecvpmt@te& e
’:ffram tho heat supernatanw fraction with the antisorum
th;hqrsg-spleen ferritiﬁ.

e
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The entibody titre of this entlserun was
eptimated using the supernstant fraction,; which wemained
after healing an agqueous (182 w/¥) homogenate of normal
rat liver to éoo,'as & gouree of ferritin antigen. The
coneentration of ferrvitin iron in this. preparetion was
 estimoted as before (page 35). Samples (1 ml.) wore
incubabed with different amounts (0.01 - 6 ml.) of
antiserum at BTD foxr one hour, followed hy a further
18 hours at 0°. fThe resulting precipltates were collected
by centrifugation, washed twice with 0.9% saline and
taken up in 0.1 ml. of 0,1 N godium hydroxide. The
solutions were diluted o 10 ml. and thelr protein and
iron content estimated. The precipitin curve thus
obtained is shown in Fig.8.

The resulits showed that 1 ml, of anbiserunm
wvould precipiitate ot least 100 pg. ferewitin iron.
Unfortunately, the irvon content of the ferwitin in this
antigen preparvation was not known and thus it was not
poseible to determine the amount of ferritin protein in
it. Howevers; later studies have shown that the iron
content of Liver ferritin from a normal rat is usually
near 10%. On this assumption, 1 ml, of the antiserum
should. have precipitated at least 1 mg, of forritin protein,

The completle pregipitaticn of antigen(as judged
hy mecoveries of‘iren) did got always result in a specific

precipitate of constant composition, At low levels of antigen
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