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‘he seruam pruteln patierns of mice of the inbred strains
Ni/Falaey 14b/B1 and HiZ/bl were ccapared by gel fiitraticn
chromatography and disec electrophoresis in polyacrylamide gele
“he gel filtration and disceelectrophoretic patterns were
correlated with each cther and with the lasunocelectrophoretic
patterns Components of the disce-electrophoretic patteran
conclusivoly fdentified were albuain, immnoglobulin Igy,
haemcglobin, the sex=dejendesnt prealbumin, three ccvaponents of
transferring ceruloplasain, emacroglycoprotein and the sexe
dependent oeglobuline Imsuncglooulin Il and hajtoglobin
were identififed less conelusively. Estimates of the molecular
welyiits of most coupanents cf the disew-electrophoretice pattera
were made by gel flltrutiovne

wuantitative comjparisons were made for eaeh gel filtratiocn
fraction and dise-electrophorctic cum;onent msasured, according
to linear models incor orating paraceters due to sex, strain,
age and interaction effects. !4 mice were fuound to bave
higher levels of icmanoglobulins than 101 and isY mice after
the age of three to four months. The appareatly high activity
of the lumsune systeam of i mice is digcussed briefly in
relation tv autolmuunity.

Sex effects cn the levels of several components were
observed and were particularly marked for an eglotmlin, for
one of the transferrin ccuponents resolved by disc electrophore-




esis and for prealbuain, ~l1 three were about 1.5 tiass
higher in males than in feumales. Stralne-withinesex effects
for the latter three components were imdicated by lower levels
in BiE males than in 101 and NZY males.

Cver all strains, while one transferrin component was
hlgher ln males than in fewmales, the most proainent transferrin
component was at slightly lower levels in males than in females,
The possibility that the different transferrin components have
different functicns 1s discussed briefly.

Sex differeaces were cbserved in the residual varlances,
after fitting sex, straln and age eflects, of i7 out of 19
disc=electrophoretic components; the variances for miles were
higher than for females for all 17 componentse.

Jfferences in the levels of several components were
observed between saaples taken from the same amlce a week apart.
'he between-week variuitions in albuamin and transferrin were
opposite to the betweene-week variations in most of the other
components.

The three inbred strains were typed for transferrin and
hasmoglobin phenotypese. 21l three strains had the slower,
Irfi, transferring 10l and N5 wmice had diffusey D, type
haemozlobin and HiY mice had single, 5, type haemoglobin.
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DIAGRAM OF IMMUNOELECTROPHORETIC

PATTERN OF MOUSE SERUM
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The noamenclature for immncelectrophor:tic (i) components
of muse serum used in Lhe .resent thesis is based on that of
ereaans, Clausen, !eresans and ilask- .lelsen (1d59) and 1s
1l1lustrated in Figure 4D.

Jise-elecirophor. tiec (L&) components of mouse serum have
been named in terms of theilr electrophoretic mcbilities in the
gel systea used ("Hethcds™). The aocbtilities are expressed
relative tov the mobility of albumin which was ta<en as 100.

The filgures :iving the relitive moullities are preilxed by ¢
for "comyonent". flgure 1A shows the dilsc-elecirophorctic
pattarae

flgures Lo anud 10 show photographs of simple slectrophoretic
and faasuncelectrophoretic patterns in agar gel far comparison
with the disc-electrophorctic ;attern ana the dlagram of the
immincelectrophoretie patterne

The main three peaks of the gel flltratiom (GF) pattcra
of mcuse serum were nased G for Lhe macroglotulin peak,
eluted first, G for the middle peak, whose chief component
was iassuncglobulin Igu, and GFa for the thi:rd peak which was
predominantly albumin (Figure 92).



In 4964 when the present work was started there was an
inereasing interest in the models of two appareutly auloe
imaune dlseases found in mice of the iaured struin (du/ole
the Lwo dlseases were systeaic lupus erythemstosus aad a
naemolytic anaeaia. at that time there was little knowa about
the roeles of autocantivodlesy but studies om Kib/-l and
Hib/idehybrid mice had provided evidence that Lhe disesses
were Lo some exteat genetieally contrellied. «1l i /il mlce
developed the haemolytic anacuia syndrome and less than half
of thea developed various lupus erythematosus signs, whereas
all J4L/84 - HY/B1 F  hybrid amice developed lupus erythemato=
sus (.ielschowsky, :elyer and Howle, 1959 and lelyer and iowle,
4961)e iiybrids between /il mice and sume other inbred
stralns showed different incldences again of both syndrowmese
These observations indicated that there were protably several
geaes involved in the control of the diseases. ilowevery the
disease signs studied up to that time proved to be of 1little
use in the elucidation of genetic aechanisms,

after two years of iavestigations with HiL/01 and (il/ile
hyorid aice at the ralamcrston Forth ledical Hesearch Foundation
it was declided in 1964 that genetic studies of the two autoe
iauwune diseases could better be furthered by defining phence
types more closelye. It was bellicved that an investigaticn
of the serum protein patterns of HibB/Bl and other intred strains
of mice might show phenctype differences and alght also




provide useful inforaation on sutclmsunity. iliowever,
information on the serum protein patterns of aice, as a backe
ground for such a study was lialted.

The object of the present study was to establish wi.ether
or not differences existed belween the serum protein patterns
of threc inbred strains of amice, 1ib/i:l, the related [iY/bi
and the unrelated 10l fadacs It was believed that sueh an
investigation would both extend the knowledge of wouse serua
proteins and contribute further to the study of aulovliammune
phencmena in 4B/bl mice.



SEVIEY
SECTICH I 3+ LLO0D rn0TuINS OF MIGE
SECTION If{ s AUTOIMWUNITY IN H4B/B1l AND AbLATED MICE
3ince 1964 when the present work began there has been a

considerable inersease in the pertinent litecature. In this
reviow sections are divided where possible into subsections
which cover publications up to and including 1964 and publica-
tions after 1964.

Une of the lirst stuiles of mcuse serum proteins was made
by Thompson and his co-workers using free-boundary electiro-
phoresis (Thompson, Foster, owen and Tauber, 1854)e They
reported that sera from some inbred acuse strains had a 8
fraction which was not evident in sera from other inbred strains.
Tney also noted tiat the levels of 6; waterial im sera from
sice with bacterial infections were higher than in sera from
healthy mice. in thelr paper they polated out that references
in puvlicatlions tv "normal” mice were meaningles: unless
furti.er Inforamation such as strain, sex and age were given,

There was an increased interest in mouse blood proteins
following the iantroduction of newy, high-resolution techniyues
for protein analysis. The first comprehensive work oa the
subject was the series of immunocelectrophoretic (IL) studies
by Heresans, Clausen and their co-workers in 1060 and i960.
The nomenclature suggested in these publications has been used
in the .resent work (see Figure iD). ITwenty cne different Is




7
components of msouse serua were described (leremans, Clausen,
sereusns and Haskeilelsen, 1959) and of these seven were
reported to ve related imsunclogically to human serum
proteins (Clausen and lleremans, 1960). In the latter study
Clausen and Hereamans used a comitination of ilmmunodifiusion
and IE techniues to study the famanological relationships
Letween components in two dilferent samplese. The pairs of
proteins they reported to be related are given in the
rollowing tablej

slbusin Albumin

Frealbualn Frealbusin

oy ot L-S 3.5 glyecprotein
X 2wl Haptoglobin

Bl Transferrin

AB3=1 B jo-élovalin

Y2 Bampzr 884 B r11 ¥-gloculin

In the sase paper (Clausen and Heremans, i960) it vas
reported that attempts Lo demonstrate haemogloblnebinding
activity for Ii couponents of mouse serus were unsuccessfiule.
Uxidase activity, indicative of cerulcplasaing was located
between the « and S regions in simple electrophoretie
patterns of mouse serum but this was not identified with any
IL are nor was an immunoclogical relationship between any

@mouse component and husan ceruloplassin suggesteds In a
later paper the mouse component, ﬁz-!' related to husan




transferrin, was shown to be transferrin using $re to
demonstrate its iron binding activity (Clausen, Raskeiiiclsen,
Christensen and Munkner, 1960).

Studies on mouse transferrin using starchegel eleectroe
phoresis were made in 1960 and 1961 (these will be discussed
under "Transferrin®”, below) but the work of Cons and Glass
(1963) was probably the first study of the whole starchegel
electrophoretic pattern of mouse serum, They reported eleven
components but did not relate these to the I pattern nor to
corresponding components of other species. Thelir work was
concerned mainly with the effect of the breeding cycle on the
serum protein pattern and will be outlined under "Developament,
bex and neproductive Cyele" below.

espinosa and his co-yorkers made a guantitative study of
the simple electrophoretic patterns in agar gel of sera froa
six inbred mouse strains. They found sex differences in the
levels of j 8lebulin for each straln and straln differences
in the levels of ¥ =glcbulin (Espinosa, Canelo, tLravo and
Gonzalez, 1964).

since 1964 a redescription of the starchegel elegtro-
phoretie pattern of mouse serua has been published by
Fantelouris and irnason (1967) who reported 23 components.
They found weak oxidase activity corresponding to cerulo-
plasain in the middle of the pattern but found mo protein
band visibly stained at the site.




Yuch of the sarlier work on mouse serum protelans was on
allotypye sllotypy occurs in a specles when some iniivid-
uals have specific materialis, iscantigens,which are satie
genically diferent {rom the corresponding materials found in
other meuwbers of that speclese Animals inocculated with iso-
antigens differe:t from their own will form antibodies
against theme ..llotypes have been found among inbred acuse~
strains for the J ~glovulins (selus and Moor-Jankowski 196l1,
uray, ileberaan and Hoflman, 1963, +#underlich and lierazenberg,
1963 and Iubiskl and Cinader, 1963) and an K =globulin
(Cinader and Dubiski, 1963, bkrickscn, Tachibana, lierzenberg
an. nosenberg, 1964 and Cinader, vublskl and wardlawy 1J64)e
Both sets of allotypes were found by tnese workers to e

genetically deterainede.

n the two 1964 publications mentioned above a consistent
correlation wus reported between the presence (Muk,) or absence
(Mz) of the o, antigen and the presence (ic,) or abseuce
(e ) of haemolytic-complement activitye In mice which
lacked un L e alternative antigen was found and it wvas
suggested thut none existed (hrickson gi al, 1964 and Cinader
et al, 1964).

In the publications cited above l.Z inbred strains and
substrains were classified as to the preseuce or absence of
Mab,; asong those found to lack the antigen (and also
hasmolytic couplement) was the strain isi/zi (Cimader, Dubiski




and wardlaw, 43647,

cesides gaalitative allotyple differences yuantitative
v.riations in acuse iusunozlovulins have beon ebserved.

The results of sspinosa gt al (1264) obtained using uantita=
tive agar gel electrophoresis showed variatioc.s im J§eglo.ulin
levels between inbred acuse stiralns over a two fola rangee
1lce of the strains A.. 4 and Aela had levels a.out twice those
of o7ul/ =iz, riy and 4Ill wice.

In the saae year a detailed study of the mouse imaounoce
glotulin systea showed that four sain issunoglobulin classes
could be distingulsied aecording to eleectrophoretic, aantigenic
and se.dluentation properties. The four were 7o Xl (lg,'sl),
7 ¥, (Lgug)y ¥y, (Ige) and 195 §,4 (1g4) (Fahey, wunderiich
amd .ilstell 1964a)e. The noacaclatuse IgG, I[ga and Igi, based
on nocmenclature for buman lamunc lolulins (Cep.ellini, Oray
and «delaang 1264) is used in the preseat thesis. Igﬁa was
further subdivided into subeclasses I;_:Gza and Lga‘.‘b on
antigenle propertles (Fahey gf al, 1964b).

The metabelism of isasuno;loculins in mice exposed to
varylng degrees of antigenic stimulation was studled by vell
and Panhey (1964). They found fasunoglowulin levels in
gerafree mice were only about 35 of the levels in conveanticnal
mlces alsoy levels in "high pathogen” mice were found to be
higher, and levels in "low pathogen” mice lower thaam in
conventional mice. In the same paper It was reported that
the fractional cataboliec rate of 341 labelled exocgenocus
mouse immuncglobulin was less in gerafree aice (half life



about 7.5 days) than in conventiomal mice (half life S.4
days)s These cbservations inuicated tuat the rate of
syntheslis of lmmmnozlotulin in gerufree uice was only about
2% of the rate in conventional mice. in the basis of these
observations Sell and Fahey suggested that the rutes of izsunce
zlotulin syathesis in aicey and hence the lmaunocgloosulin
levels, are controlled Ly the degree of antigenic stimulus.
Gince i9G4 peveral aspeets of acuse imaunoylobulins have
been studied extensivelye.
In a study of mouse immuncglotulins from birth to adulte

hoed Fahey and bath (1964) ruund low levels of IgGand LgG,
in newtorn mice. <ithin one week after birth the Iz
conecentrations had risen to adult levels, probably due to
transfer via the colostirum and subsequent absorption through
the gastrointestinal tracte Tiis rise was fecllowed by a
fall to aboutl four wecks of age which gave place to a rise
probably due to neonatal synthesise. Adult levels were
finally resched by the age of twe to three moaths. Igh
ismunoglobulin was irst detected in the serum of mice one
to three weeks after birth while Iga, though present in the
colostrum, was not detected in the serua until about five
weeks after birthe Adult levels of all four imaunoglobulin
classes were reached by two to three months of age. FMFahey
and Barth suggested that the low levels of IgG in newborn
and young mice were probably due to low rates of synthesis
rather than to high rates of catabolism. In support of this
bhyvothesls they cited earlier work (sell and Fahey, 1964)



in whiech it had been found that the eatalclic rate of
fananc;lo.ulin in four to five week ©ld alce was lower
than in adult mice.

It has been found that sewborn mice can foram antie
sheep haecamolysins (lleentel, vishun and braun, 19656, and
svang, w«illisscon and Irvine, 1968). After innoculation

at virth with sheep erythrocytes the haeaclysins were
detectable five to seven days later. It therefore seeas
likely that the hypothesis that mouse issuncglobulin
synthesis rates depend on the degree of anligenic stimu-
lation (vell and Fahey, 1964) could ap,ly to newborn mice
as well as adults, That would imply that immuncgloculin
synthesis, at least of 16, begins as soon as the newborn
aouse is exposed to envirommeantal antigonse

Jetabolic studies have indlcated different catabolie
properties for the {ive lamunoglobulin classes (Fahey and
Sell, 1968). The catabollic rate of eaech of the I v
classes was dependent on both its own concentration and on
that of the other IgG fasunoglobulins. The fractional
catabolic rates of Igd and IgA appeared to be independent
of conecentration and were three to ten times faster than
those of the Igé imsunoglobulins. Independent data on
the breakdown rates of the "fast® and "slow” isaunce
globulins (Ig6, and IgG,) are in general agreement with
those of Fahey and sSell (Tee, #Wat:ins and Wang, 1965).

Strain differences in the electrophoretic mobilities
of antibodies to certain speeific antigeans have been noted
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(Fahey, carth and Ovary, 1965). Iu Bale/e strain aice
antilodles to haesocyanin had ¥, to 4, wotility while in
C575i/6Jii mice antibodles to the sase antigen had U,
wovility. The motllities of antibodies to this antigen
produced Ly six other strsains of wice were between these twoe
antiiodies te ferritin and to the dinitrophenocl hapten
showed the saxne pattern, being fast in Bali/c alce anc slow
in C678./6J0 mices Jordan and his colleagues (Jordan,
Banovitz, Trapani and Caapbeily 1261) had shown earlier
that antivodles formed to bovine ¢ egicbulin by ALK mice
had /32 wobilitye

The work on mouse lammunoglobulin allotypes up to i0€7
as been reviewed in relation to mclecular stiructure by
Potter and iieberaan (iD67)e Of fourtesen different
allotypiec specificitlies discussed by rotter and iieberman
four were attributed te the I‘“:Gza fmaunoglotulin, two to
the I.;G% imamno;lobuling three to the IgA famunoglotulin
ami five had not been assignede All these deteralnants
are located on the "Fe"™ portions of the "heavy™ chalns of
the respective lammoglotulins.

(11) Izagafercing

fouse transferrin occurs as a single are in IE
patterns (Clause:n gt @l 1960) but in 1960 and 1961
studles on mouse transferrins using starch gel eleciro=-
phoresis showed there to be three transferrin components
(Cohen, 1960, sShreffler, 1960 and Ashton and .radeny 1961)e
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These starch-gel electrophoretic studies revealed three
phenotypic variants deteralned by two alleles at the same
locus. The two homozygotic variants had the sase pattern
of three bands but these difiered in moblility. The
heterczygotic variant behaved as a mixture of the two howmo=-
zygotlic variants and appeared as four bands. |Most inbred
mouse strains have the electrophoretically slow variant of
transferrin, the fast veriant wvas found only in CBA-strain and
related mice.

The differences in iransferrin types should be cone
sidered when comparing the li patterns of Clausen .and his
cocworkers, obtained using sera Irom CBA and CBA-DLA Ty
hybrid mice, with Ii patterns of sera frow other stralns.
In the CBA patterns the relative position of the transe
ferrin are is slightly displaced towards the ancde when
compared to patterns of other stirains.

Iron binding activity was demonstrated for both the
major transferrin componeants of both homogygotic variants
using ®Fe; no iron uptake was detected for the mimor
component probably because of its low concentration
(Cohen, 1960).

Since the imltial isclation of mouse transferrin in
1964 by a combination of ion-exchange chromatography and
gel filtration (lerman, Dinh Bao-Linh and Velea~rratt,
1964) the two sajor mouse transferrin components have
been separated by lon-exchange chrosatography (Jatkins,
Tee, Wang and Tsrlow, 1966). The two components were



not, however, separable by gel filtration indicating
that it is their fonle properties rather than t.eir
molecular weights that differ. watikins gt gl (1966)
estisated the wolecular welght at 67,000,

In 1961 #illieus and demyss (i9€1) found that mouse
trausferrin levels, as cbserved by I, were little aflect=
ed by experimental bacterial infections (i .gobacteriua
luberguloals vare Lovils and JLCrogoccul LNOLQUEA Vare
aureus). owever, several agents have since been found
to alter the serua concentrations of transferrin in mice.
A steady 1lnerease in mouse transferrin levels was noted
by I& in asscciation with spontaneous mamasary tumor
growth (rirosky and Ulsgold, 1964). &word (1966) found
that infections of [igsterla mopcyticgengg raised the
concentration of mouse transferrin as observed in IE
patterns. Hemington and Hackman (1965) found that
trangsferrin virtually disappeared frcam the I patterns
of sera from mice infected with Jozoolasaa gondil. A
suall increase was reported in the transferrin levels {a
Is patterns of sera from mice which had received lethal
doses of i-rays (sassen, hemnes and Maisin, 1966).

(111) lapteciobin
It appears that mouse haptoglobin is either abseut

in sera from most healthy mice or occurs in such low
concentrations as te be undetectable by Ik,




Clausen and Heremans (1260) found an imsunological
relationship between human hapteglobin and a mouse IE
component "whose mobility corresponded to that of
ocg_n-globann" but they were unable tc desonstrate a
change in the mobility of any IE component of mouse serum
due to the binding of added haemoglollne (These workers
used CbA, DBA/Z and GBA-DW.:FI hybrid mice.)

Williaws and Wemyss (1961) using Helson-Collins Swiss
aice located haptoglobin in IE patterss, by its peroxidase
activity, as the component 21V, ihey found that this
coaponent was elther abseat or very faint in sera from
healthy sicey but was easily detected in sera from infect-
ed mice. They alsc found that the are was developed Ly
antibodles to haemoglobin: the haemoglobin are, /’33-11'
showed immunological ldentity with tlu' are X, _ryy the
euds of the two ares being continuous.

The arc which Clausen and Heremans found to be related

to human haploglobin could well have been Ry _1v rather
than %o 118 the two ares have similar wobllity and vary
slightly in position relative to the antiserum trough
depending on concentration. Further, Heremans gt al
(1959) found enly low levels of o .. in some of thelr I&
patierns and not at all in otherse This latter cbserve
ation is compatible with the failure of Williams and
demyss to detect haptoglobim (g ) ia sera from
healthy mice.

The identification of haptoglobin by Williams and
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Womyss has been supported by work published since 1964.
The results of Sword (i966) are very similar: haptogloitin
was virtually absent from IE patterns of sera from healthy
mice and was increased in sera frum infected mice. Sassen
et al (1966) labelled haptoglovin with Ppeehaesoglobin
and ¢eltected it Ly autoradiography of Ii patterans as elther
Opory OF Xy ye The ares &, ., and &, . are difficult
to distinguish beeause they have similar aobility and are
either very faint or undetectable. In the present thesis
the haptoglobin arc will be taken as %o IV®

An fillustration of the confusing nature of this aspect
of the mouse blood protein patte:n is given by the work of
ilorman Jinh Bao-iinh and Veleg=Pratt (1964)e They found
three components in the IA patterns of mouse seruam with
peruvxidase aciivitye The most active of these (percxidase),
a /3, compoment, they tock for haptoglobine The other two,
another /3, component and an o(, coampunanty Loth of which
stained only faintly, they suggested were haswopexia and
ceruloplasain respectivelye The first of thesey the
strongly active /3, eompouent, correspoanded in position to
haemoglobin as ccvuld be seen in one of their figures which
was similar to Flgure 5D of the present worke. The o,
component corresponded in position to haptoglobine The
faintly active B, coaponent might well have been haemo-
pexin as was suggested also by Sassen gt 3l (1966) who
labelled it with PPehasumoglobine Ceruloplasmin does
not show perozidase activity under the conditions used to



deteet the peroxidase activity of the haem group.

(1v) iasmeclobin
The literatuare on haemoglobin variants of mice has

been reviewed briefly by ropp (1966)e. Two genstically
deterained types of mouse haemoglobin have besn identified
by paper electrophoresis (Gluecksohneiaelsch, zanney and
siskeny i267)e These were named "single" an! "difluse”
accopding to thelr appearance in electrophoretograas,

In starch gel electrouphoresis the "difluse™ hasmoylotin
was shown to consist of at least three coapunents whereas
the "single™ appeared to Le one componeant (Fopp, Cosgrove
and Oweny i968).

The 1-"1 cross between mice bhamozyg¢ous for "single®™
baencglobin and mice homogygous for “diffuse™ haeao:louin
appeared superflicially to have "diffuse™ haemoglobin
(Cluecksohnednelseh gt al, 196?)e Jopp and ot mand
(1960) suggested ti.at the "single" and “diffuse” alleles
were cow-dowinant, the heterosygous phenctype belng between
the phenotypes of the parestal homozygotes. In any case,
the work of Rosa anl her co-workers (Rosa, Dreyfus,
de Grouchy, Mathé, and bermard, i968) using high resolution
stareh gel electrophoresis, showed that the haesogloebin
variants of the mice comprise a more complex set than the
siaple definitions “"single" and "diffuse” imply.




rantelouris and iale (1962) reported changes in the

stareh: gel electrophoretic patterns of mouse seruam over the
age range, twelve~day fcetuses to three weeks alter Lirth.
They found that the main adult proteins, alouain and
f=glovulins (transferrin) had appeared in the twelve-day
focetuses. The lesser components appeared progressively
until all were present twelve days ailter birthe A major
post-albumin component of foetal serum decreased throughout
foetal 1ifey was still plain at birth and was very faint in
the adults oSilmilar o -foatal proteins have beean reported
in other uamasalian species (Citlin and ioessan, 1967).

cons and Glass (1963) also using starch gel electro=
phoresls coampared the serum protein patterns of male and of
female mice at various stages of cestrusy pregnaney and
lactatione They found Ltat a slow K ccaponent which they
called "6"™ was more prominent in males and cestrous feamales
than in noneocestrous fesales, it was also ralsed during
pregnancy and lactation. Another slow o coaponeat, their
component "5" (possibly ceruloplasmin) was siasllarly raiseu
at cestrus: and in pregnancy and was found at higher levels
in males. The two major transferrin components, a slow o
component and two post-albumin components were all found to
be affected Ly pregnancy and lactation.

The most proainent sex differences reported have been
for prealbualn (stareh gel electrophoresis) (alimke and Thung,
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1964) and an o globulin (agar el and starech gel electro=
phorcsis) (sspinosa gt al, 1964). both coaponents were
found at higher levels in males than in females. Espluosa
anu his co-workers also reported minor sex differences in
fB= und &~ lotulin levels.

dore recently a detailed study of the prealvuain
patterns of mouse serum by starch gel electrophoresis
(ieuter and nennes, 41966) showed that several components
were present and that the pattern varied qualitatively as
well as quantitatively between sexes and between inbred
strains.

rantelouris and anason (i1967) reported taut injections
of stilboestrel dipropionate into females changed the
intensities of tvo sex dependent bands in the starch gel
electrophoretic patterne - component in the miudle of the
pattern usually at a bigher coacentration in males than in
females (probably cowmponent "% of Cons and Glass) was
raised "above ti.at ol the typical male" and that a poste-
albuain coaponent, usually lower 1a males than in
breeding feamules, becans very faint,

(11)

beveral changes in the Ik patierns of souse plasaa
proteins have been observed during acute bacterlal
infection (#Willieas and Weamyss, 1961) (see page 15).
rrobably the most noteworthy of these changes was the
appearance of hapt.o,;loﬁin which was uadetectable in the
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sera of healthy mice. There could well be a connection
between this finding and the increased A -globulin during
pacterial infeectlon reported Ly Thouwpsvm gi gl (1954)
(see page 6). The growth of mamaary tumours has beea
reported to cause changes in mouse serua protein patterns
similar to those observed for bacterial infections (rirossy
aad Ulsgola, i984).

studies on effects of bacterial infections on mouse
plasaa proteins has been extended sluce 1964 (deaington and
igckman, 1066 and Lword, 1968). uffects of whole=body
i-irradiation cn mouse plasaa prctein patterns have also
been noted (Sassen, sennes and Maisin, 1966). These st dles
shoved similar changes in the 1& patterns of lhe plasaa
proteins. These included lncreased prealbusin levels and
increased X-globuli.n levelss in irradiated mice, however,
Jd =globulin levels fell. Liacterial infections were also
re,urted to increase the electrophorctic sobility of albuain
in (v patterns (silliams and #“eayss, 1961, sealngton and
Haesman, i366 and oword, i966). Heaington and Hackaan
(1265) found that although challenge of chronically infected
alce with more of the infective bacterisa produced a rise in
¥ =globulin, demcnstrable specifle auntibodies to the
infective bacteria were not incre@ised. Adsorption of sera
froa the challenged mice with the infectlive organisas
decreased markedly, or removed, the specific anti-
bodier bt did mot affect noticeably the levels of J=-
globulin in I patternse



(111) affects in fesvonse to sntliens
Changes in the moving free-boundary electrophoresis

patterns of mouse plasasa fcolloving iammunization with several
different antigens were reported by Jordan and his co-worzers
(Jordan, Lanovitsz, Trapanl ani Caapbell, 1l!6Z)es They found
that the o - and S-globulins were increased but they did
not detect an increase in J=globulin.

Coe (1968) showed tlLat different inbred strains of mice
vary ian their responses to antigense. He found that Cua
and Lalc/c aice injected with 5/(3 of hen egg albualn (:ixi)
in Freund's incoaplete adjuvant formed only IgGl antilodys.
dhen “reund's complete adjuvant was used (With 5 Ag of :ika)
CiA and tAlb/e mice produced beth Igs, and IgG, antibodies.
Co78L/6 ;roduced only I3G; antibodies to ikia in complete
adjuvant winile A/Jax and C3H mice produced both 1gG, and
160;3 antiltodies whether the liEA was adainistered with

Freund's coaplete or lncvaplete adjuvant.

¢ ZIschaluues ised in the study of Mouse verum rroleins

The fracticnation techniques which have been most
frequently used in the study of mouse serua proteins are,
free boundary electrophoresis, zone electrophoresis ia agar
gel, paper electrophoresis, immuncelectrophoresis and zone
electrophoresis in stareh gel. [ree boundary electrophoresis,
sluple electrophoresis in agar gel and paper electrophoresis
have limited resolving power giving only {ive or six
fractions. Immunocelectrophoresis and stareh gel electro-
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rhoreslis both enable considerably better resclution giving
up to 24 fractionse.

wuantitative studies have been carried cut uasing the
low resolution techniques of, free boundary electrophoresis
(Thoampson gt al, 1954 and Jordan gf gl, 1961 and 1962),
agar gel electrophoresis (sspinosa gf al, 1964) and paper
electrophoresis (Sword, 1966). Immuncelectrophoresis
cannct be effectively quantitated but can deteet gross
concentration differencus such as those between Lransferrin
levels in healthy and infected mice cbserved by Sword (1966).
olareh gel electrophoresis 1s a high resolution technigue
with potential for quantitation if used in conjunction with
a suitable optieal densitumeter. This sotentlal dces not
seea to have been reallized in the study of mouse serum proteins.
in this field quantitation, or rather seal-guantitatiom, of
starch gel electrophoresis has been u:it.ed to cvmparing band
intensities by eye (‘antelouris and fiale, 1962, Ruamke anu
Thung, 1964, Heuter and kennes, 1966 and Fantelouris and
Arnason, 1966). Cuch visual comparisons allow only large
concentration differences, ccncentration ratios of l.5 or
more, to be detecteds The work of Cons ana Glass (1363)
was a little more objective; they, like the above-
mentioned workers, compared the band intensities by cye, but
classified thea into four intensity grades.

It is apparent that the only gquantitative studlies on
mouse serum protein patteras up to 1967 eaployed low
resclution techniques which separate the serua into oanly five
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or six fractions. The high resolution techniques have at
best been only partially quantitated.

A condition reseabling autclimmune haemolytie anaeuia
was [irst reported to cccur spontancously in aice of the
inbred strain .i4/ul in 1959 (bielschowsky, ilelyer and lowle,
1952). The aain characteristics of the condition were,
firstly, a high reticulocyte count of up to 1l00i of the
erythrocytes and, secondly, the appearance before the age of
one year of antibodies to red cells. In 1961 evidence of a
syndrome slmilar to husan lupus erytheaatosus was reported in
the sawe strain (14b) (lelyer and liowle, 1961)e The lupus
erythematosus signs were the occurrence of characteristic
white cells ("lupus erythematosus cells" of "Li cells®™) and
a characteristic kidney lesion, a glomerulonephritis with
thickening of the basesent mewbranes of the glocmerular
caplillaries.

These were the first laboratory models of autoiamaune
disease; early work cn them was reviewed by Burnet (1963a
and 1963b). .utoliammune haemolytic anaemia developed in all
548 mice whereas lupus erythematosus signs were reported to
occur in a alnority of them. |Hib=NZIY !’1 hybrid mice all
developed lupus erythematosus by the age cf one year (lelyer
and riowle, 1963a)e.

Studles of autolmaune haemolytic anaeaia in NiBE-C3H
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hybrid amice showed that although the disease appeared to have
genetic aspects it was not transferred as a simple ‘e.lellian
character (loluies and .urnet, 1984)e The F, alce developed
the disease much later (after about 13 months) thaa idb aice
wnile the backcross mice, F, to 1is, were intersediats but
did not behave as a alxture of ¥, and 4k individuals.

This work together with the coampletely different rindings cu
the hibeidY FL hybrid aice indicated that the genetic facturs
mlght be lmportant.

ouch was the state of knowledge when the present study
was undertaken in 1964, oince then a considerable body of
literature on autoimsune phencmena in ik and 5§io hybrid
aice has been jublished. “ueh ol this work has been covered
in varyiang detall by the following reviewers: <Chanaing,
nasuga, iiorowltz, Dubois and Deacpoules (1965), ‘ellors
(1966a) and ilewie and iielyer (1968).

The incldences of lupus erythesmatosus and othe: auto=-
fasune signs in NZB and ({4b hybrid mice have been clarified.
L cells have been found in about 4» of HiE mice (Howie and
Helyer, 1965) while lupus-like glomerulcneghritls appears to
oceur in about half of thea (Yellors, l966a). lowever,
only a small proportion of Hdb wice exhibited the “elassical”
lupus erythematosus kiduney leslon (4ellors, 1966a and /lowie
and Helyer, i1968). «ntieerytarccyte antibodies were found
in about 30 tc 50p of Nibe=NiY F, hybrid mice (iowle and
llelyer, i968).

The original hypothesis that the =mailn disease of His
aice was a paemolytig amemis (clelchowsky gf al, 1259)



was supported by the finding in 1966 (barnes and Tuffrey
126Ga), that there was increased red-cell breakdown in these
uice. The saae workers have also presented evidence that
57cr-labellod red cells were broken down in the spleen and
possibly the liver in NHis mice (Larnes and Tuffrey, 1966bh)e.

fwesults of {urther work on the inheritance of the autc=
imsune haemolytic anaeamla published by burnet and lolmes
(1965) supported the view that the disease was nct transferred
as a simple dendelian character,

It has beoen demonstrated several tiwmes that both
haemolytic ansemia and lupus erythematosus can be transferred
from kb and iZ8 hybrid mice to nun-autolamune aice by tlésue
transplants, Transfer of spleen cells from old /lio mice
showing autciasunity, to young .i-E mice not yet autoimaune,
produced in the reciplents both haemclytic anaeala (uolmes,
Uo.rle and surnet, 196l1) and the glowerulonephritis
associated with lupus erythematosus (Mellors, 1966ble In
both cases the conditions appeared in the reeipleants well
in advance of the usual age for untreated .l aice.
iolumes (1965) reported that transplantation of other laaunoe
logieal tissue, thymus, lymph ncde tissue and bone marrow,
from HiZb mice with autoimsune haemolytic ansemia did not
induce this disease prematurely in young idiB amice.

Howevergy neonatal exchange grafting of thymuses between /iib
aice and CEA/T6 mice induced both autoimsune haemolytle
ansemia and glomerulonephritis in the CiA recipients and did
not preveat these diseases in the NiB mice receiving Cba
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wnymuses (Helyer and Howie, 1963b). uecently, particles
resenbling surine oncogenic virus nave been {ound 1in the
spleen and lyamph noudes of db mlce and kidneys of sutoiamne
4 mice (fellors and nuang, 1966). Glomerulonephritis
ol the autolmaune type has been reported Lo have been
transaltted to young 446 and ~4b hytrid mice and to Lwilss
mice by cell=free filtrates {rum malignant lywphoua and
spleens of Nii mice (Liellors and iuang, 4966 and 1967).
These woerkers repcrted the viruc-~like particles in Swiss
wice in which the xliney lesions had heen induced but not
in untreated owviss alcee Hieaclylic ansemia was app .reutly
nol transaitied by the cell-={ree {iltrates, ‘“ellors and
iaang did not mention having founi the virus-like particles
in the cell={reec {llirutes used for inccculations

In a compurison Letween conventional and geras-free
448 mice Last aad ner co=workers found, rirstly, that the
gera=free sib alce deveicped similar autcantlbodies to
conventional ik wice, and secondly, thit the serua
fnmanoglobulin levels as shown by Il were the sase in the
geru-Iree as 1n conventional 4l aicee In additicn
particles resewbling surine leukemic virus were found in
the germ-free as well as in the ccuventional li: alce
(Last, rrosscr, .clborow and Jaguet, i967).

in 1969 it was reported that virus-induced sclucle
antigen (uross type solutle antigen) was found ia the
plaswa of Nib mice after the age of three montihs and tiatl

iis incidence increased tc 100p by seven to nine amonths of



age (iellors, Ackl :nd Huebner, 1969). These authors
pointed out that the pattern of occurrence of the Gross
antizen was very similar to that of the anti-erythrocyte
antibody.

Iwo groups of :utcantlbodles of ZE aice have been

stuiiede These are the anti-erythrocyte antibodies and
antibodies which react with nucleoprotein ("antinuclear
fuctor”™ or "ANP") and cccur in about 40, of NZb micee.

Both were found by lorins and lolmes (i964a and 1964b) to be
mainly IgG imsunoglobulin, lowever, Mellors (1965) found
eviience that red-cell antibodies were Ig¥ immunoglobulin,
A more detailed study by Warner and Wistar (1968) indlcated
that all classes of flamuncglobulins cocated the red cells,
though most wvas Iz0 and IgM immunoglobulin, A preliminary
atteapt by them te quantitate the iammunoglobulins coating
Nii red cells showed that there were approximately 400 IgH
molecules and 5000 Igi molecules per red cell.

Serum proteins have been found in the lupus-nephritis
kidney lesion of 4B and 548 hybrid mice. Afiected gloaeru=
11 of kidneys of Hiib aice were reported to contain immuno-
globulins and only "trace amounts" of serum albuxin (Mellors,
1965). Mellors (1965) also showed that ismunoglobulins
eluted from kidney lesions reacted specifically with the
affected glomerull of diseased klduneys from NZB amice and

did not react with either red cells or muclear materialj
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anti-red-cell antibody did not react with diseased kiuneys.
Jairn ana associates (k.yra, Heulven, Ironside and Jorins,
i966), however, fuund all the major serums-protein fractions
(including the antigen f-mi:l) in the kidney lesions of
(Zbwidd F | hybrid mice. They noted that the kidney-lesion
veposlts were rich in immunoglobulins but were not sure that
the proportion of iamuncglobulin was any higher than in the
seIruille

It has been noted that [Ndb mlce do not possess functione
al coaplement while N4Y and N.id aice 4o have functional
complement (lic;) (Norins, 1965)e The incidence and severlty
of kidney leslons 1s less 1n iiu alce, which lack coapleawent,
than in Jiu=I14Y or Hibei W F.L aice which possess 1t. It 1s
thus possible that there is an involveaent of coapleaent in
the kildney leslons of hdib and related micee (There is good
evidence ti.at the antigen ‘s i is the coaplement component
necessary for ucl activity, see page 3). ihe a:intigen .'mbl
was found in the «<idney lesions of Hib-idis alce. in addition
it has been found that the severity of an artificially
P roduced ifammine-serum nephritis was less {n a line of
010.2D strain aice which lacked complemsent than in another
line of the same strain which possessed compleameat (ic))
(Lindberg and losenberg, 1968).

samm and his co-workers (hama, ‘Yiyasato and rollak,
1966) using cellulose acetate electrophoresis found that KibB
mice three and nine months old had J-globulin levels about
40}k higher than in amice of the control strains C3ii, N, Cb



and 4 at the saze ages. Tney alsc found that the cxlf'
% =y /B= and J-globulin levels 1n }iB, Hid, 2C, Wibmild
and Hdbe=:iG Fl hytrid aice were nigher at eignteen soaths
of age than at ti.ree and nine aonths. The diflere:nces
were greatest for the o= and Be=glovulins. The levels
of these two {ractions in the older amice were l.d t¢ l.8
times greater than the levels in the youngsr amice.

sast ano her co-workers (Bast, de vousa and rarrct,
1965) after studying various aspects of the patholcgy of the
imaune system of Nib mice suggested that they were hypere
sensitive tc many kinds of antigeniec stimili including some
"self"~-type antigens hence giving rise tc the observed
autolasunity. As a result cof Iu analyses of sers froa N.b
zice they observed that "large®amounts of macroglobulin are
produced by these mice”, as coumpared with C3li alce. darner
and Jistar (1968) using a specific ilmmunodiffusion assay,
also reported high levels of Igd iamunoglobulin in ik aice
and to a les.er degree in Kib ?1 hybrids, tut they did not
find peculiarly high levels of other ifiamsunoglobulins in

ddo mice.

it appears probable that there is an assoelation
between the autoiamunity of HiB and related mice and the
imaune globulins of the plasaa, especlally Ighe.
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101 strain mice (10l/FaMaec, Staats, 1964) were bred
from stock held by the Massey University Swsall Animal
iesearch Unit. This line was obtained after more than 100
generations of brother x sister inbreeding (v63 plus over
40y Cockream, personal cocmmunication).

i4p and 84Y strain mice (Blelschowsky, llolyer and liowle,
1959) were bred from stocks purchased from the University
of (tago Animal lreeding itation. #hen received the il
and .i.Y stocks were respectively at the 3lst (F3l) and S4th
(F54) genmerations of brother x sister inbresding.

All three strains were maintained by inbre:ding in the

course of the present work.

—_—

Mice were kept at 20° = 23°C under natural lighting and
husidity and fed gd libitug a pelleted zrain ameal - milk
powder based ration (Appendix 1) and tap water.

Groups of up to 6 mice were housed in wctal topped,
opague plastic cages 13 x 26 cm x 12 cm deepe For larger
groups, of up o 26 mice, metal cages I0 z 60 ca x 12 ca
decp were used. In both kinds of cages untreated, unster-
ilized wood shavings were used for bedding.

Leat and Disease Control
Un cvne occasion mice were found to be infested with
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aites (yocoptes musculinug) and all the mice were dipped
using "Tetmosul™ (l.U.ie)e iTecautlonary dippings of all
the mice were carricd oul on two subsequent occasions.

in a few occasions when evidence of infecticus disease
was noted in one or more cages (i.c. several aice sluggish,
wasted or dead) all of the mice in the colony were put on
tc a 3 to 4 day course of penieillin (appendix l)e If they
failed to respond to this iLreataent or if the condition
spread, the affecisd mice were killede The survivors were
ocbserved for the following week and at the first sign of
siailar sysptoms in any of the mice, all in the cage were
killede

Ko experimental blood sawples were takea within a month
of antibictic treataent or within two weeks of dlpping.

bBlood samples of OeZ to 1 al were taken from the talls
of anaesthctized mice (Appendix 2)e The samples were left
§ to 2 hours at roocm temperature (20° - 25°C) to clot and
thon centrifuged at 1600 g at 5°C for 20 minutes and the
sera drawn off,

Sera were analysed within 3 hours of preparation unless
otherwise stated.




Gel filtration was carried out using sephadex G200 (sharmacia,
vweden) in glass columns 2 cm x S0 cme The eluting bufie. was
barbitone = HaCly ;i 84 and M 1.05 (..ppendix 3).
lelther the contimuous nor the single bateh method of coluan
packing recomsended by :harmarcia proved satisfactory.

Consequently a multi-batch .rocess was used (ap.endix J).

racsed columns were tested with Blue Dextiran, ¥d c x 106
(+baramarcla, oweden)e A coluan was consldered satisfactorily
vacked 1f the olue Jextran band, 1 c@ wide on clearing the top
of the column was not more than 6 em wide after descenuing <O ca.

cerum saaples of 0015 al were used,

Lrogedare for serum analvsig
‘he buffer atove the pucking was remcved and the serua

sanple spread eveanly over the surface of the bede (The bed
surface was protected by a disc of 10 mesh stainless-steel
gauze.) The sample was allowed to soak into ihe bed and was
washed in by three successive 0.5 al aliquots oi buffer before
topping up the column with buffer.

Elution was effected by a tuffer flow of 2 to 4 al per
square cu per hour under a head of 0,8 metres The effluent
was collected in 1 ml fractions using an bl "Radi-Rae"”
fraction ecllector.
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The iaB 1 ml syphons, however, proved umsatislactory
for the particular buffer solution used, so Sypiions were
sade tc a slightly modified design (Ap endix 3)s The
protoin conteat of the fractions was monitored at 288 l/(
using a Unleas SP500 speectrophotometer with 20 as lightepath
aicro ecells. Ihe wavelength 288 a// was chosen lnstead of
280 m /( because 1t was more satisfactory for the barblturate
bulfer solution used.

The apparatus used was a rleuger (uelgius) “~erylophor®
which rupns eight samples at a tiae, £lectrophoresis was
carried out in 7 polymcrylaside gel with l.2h @olar cross-
1inking, in pii 8.40 "iris“-glyeine buffer (Appendix 4)e
sTp1g®=glycine bulfer pil 8¢45, at four times the conecentration
used in the gel was used in the electrode chagberse.

The proesiure followed for serum analysis was the
ngiaplified” wethod of Clarke (1964) wmoculfied as described
in .p.endlx 4e Sera for analysis were diluted 1 in 21 with
Sp sucruses O.. 3l samples of the diluted sera were taken
for analysise &lectrophoresis was carried out at 80 V. for
the first 15 sinutes then at 160 V. until the end of the rume
The curreat did mot exzceed 5 aA per gel. Lromophenol blue
dye added to the electrode~chamber buffer formed a suarp
band vhich ran ahead of the albuaine rlectrophoresis was
stopoed when the bromophenocl blue band reached Lhe bottom of
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the gel rod. after electrophoresis the gels were f{ixed
and stained overnight in 0.6+ amldo-black 10B (Gurr) in 7

acetlc acide Lxcess staln was reamoved electrophoretically
either 1in 1} hours at 150-160 volts and 8 =i per gel or
overni:cht at 20 volts and 1 A per gel. Destalned gels

were stured ifa 35 acetie acide

The intensity of staiming of the proteln bands in the
gel was measured using a rhotovolt (U.de.s.) scanning pholoe
electric densitometer (units 530, 520A and Varicord 42-i).

The gels were scanned in 0.8 x 7.5 ca scdae-glass test
tubes filled with 3- acetic acide The sodae-glass tubes were
found to have better optical properties than pyrex tubes.

The reccrder chart was calibrated in teras of optleal
density (U2) using the secale of the photometere The relae-
tive amounts of stained protein were taken as the poak
nelg ts in OD units and are given as such in this thesis.

Small corrections were made to peak helghts to allow for
slightly different lengths of the 08 patterns, The correction
for all components but ifzsunoglobulin was made by multiplye
ing the observed 0D by the square roct of the ratioc of the
actual length of the patterny L,, to a standard leagth, L.,
thus

corrected CD = 0D x ﬁ..

Lo,
9]

The square root function was used because band broadeuing
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due to diffusion proceeds proportionately to the square root
of time (Moore, 19.6). For the diffuse immuno lobulin band

the correction was

corrected 0D = .0 x a,

The linear correction was used in this case because the asln
caugse for spreading of the band was its electruphoretic
heterogenity so that tho band broadens dircetly with the
pattern length. (see "Investigatiocn of Hetho.s" and
"Jiscussion of dethods®,.)

Asauncelectrochoresis (1)

The aicro=-neithod of scheldegger (12.5) was usede The
ap,aratus was modelled on the shandon (inglan.) electro=
phoresis equipment but the plates for holding the agar (oa
elght 3" x 1" microsecpe slides) were fabricated from glass
rather than perspyex beca.se the Chandon persyex trays were
found to warp badlye uleciruphoresis was carried out in 1;
agar (Davisy lele), 1n pii 846 Larbitone buffer, 4 Qe0ibe
The same buffer was used in the electirode cicabers, IThe
pattern of sauple wells and antiserum troughs is shown to scale
in Figure 1D, The leangth of the antigerum trough was 6.6 cu.

The sample wells shown are for 5 /(lmounplu. le2Z =m
diaseter wells were used for 1 4«1 and 2 41 serum sasples.

Blectrophoresis was carried out at 6 volts per ca for &
hours. Imgunodiffusion for 24 hours was allowed for develope
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ment of the precipitin arcse The patterns we:e washed
for 38 hours in three changes of 0.9% saline to remove
unreacted protein and the agar drjed by overlaying it with a
sheet of Llotting pajer anu leaving overni:ht. The dried
pattern was stained by 10 to 30 aimates immersion in O.4s
amido black (Gurr) in acetate buffer (Crowie, 1961) (Appendix
5)e mxcess staln was remsoved by washing in 2» acetic aeld.

antlsera

Various rabbil antisera to whole mouse serum we:re used.
These were prepared in few Jealand-dhite rabbits as follows.
0s5 ml doses of wouse serum wore esulsified with the saue
volune of Freund's complete adjuvant and injected sub-
cutaneously at two or three sites at 14 day lntervalse 1he
rabbits were bled by cardisc puncture Z wveeks after the urd
dose and again a week after the 5th and final dose. oera
were collected as described previocusly.

Antisera were prepared against the rollowing flour

pocled sera,
(1) serum pooled from 6 mico of each strain (18 amice)
(1%) " " " 6 101 mice
(111) “ " " @ Naus "

(1') ] L} L] Gm L §
These sera were pooled from three males and threoe females
of each straine
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lio report on the LUE pattern of mouse serum was known to
the prosent author. Some DE components vere identified or
tentatively identified by comparison with the DE patterns of
husan sera (Clarke, 1964). ublished data on starch gel
electrophoretic patterns of mouse sera were also consldered
(sshton and Lraden, 1961, Rimke and Thung, 1964 and iantelouris
and Arnason, 1967). Comparison between polyacrylaaide gel
and stareh gel electrophoretic patterns is possible because
both ccabine molecular sieving with electrophoresis in a
siatlar vay (.rastein, 1964 ani © ultze and leremans, 1966).

Ioamgolectraulioresia
The patterns published by Heremans and his co-workers

(1960) were used to help identify serum components. Albumin
and meMhmw.mmrmm
the aummmnwummum
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2 Transferrin, laptoglobin and Haemoglobin by

their leroxidase Activity (Clarke, 1364)

VL gels and Ik slides were steined at room temperature
by soskimg in 10 nl of a 0U.2% solution of beuzidine in 0.5
acetic acid, to which 0.02 ml of 304 hydrogen peroxide had
been added Jjust before use. UE gels were stained for 10 to
30 minutes 2nd I8 slides were stained for omne hour, prior to
adrying.

Oried 1k slides were also stained in this maaner but

the staining wes less inteuse.

3 Ceruloplesmin by its Oxidase Activity (Uriel, 1958)

DE sels were stained by incubation at 379C for 2 hours
with 10 ml of 0,005 ! p-phenylenedismine in scetate buffer
PH 5.7, 4 0.l.

Some difficulty wes experienced in showing oxidase
metivity in IE patterns by this method. The concentration
of p-phenylenediamine was increased to 0.01 1! and the
incubation time was increased to 4 hours. The staining of
the 1E patieras wes carried out immediately after immuno-
diffusion omitting the wash in saline. Oxidase sctivity was
not detected when the patterns were saline washed prior to
staining.

After incubation the DE gels aud the IE slides were washed

in two changes of acetate buffer, pH 4.7, for 24 to 36 hours.



This work was carried out to obtain conclusive iceuiti-
fiecation of transferrin after having obtained aabiguous
results (see olscussion) from peroxidase staining experiments.

The radicactive iron used was “°Fe, ferric citrate for
injection, 100 McCuries per wl (Radiochealecal centre,
/mersham, England)

Ln=vitro gxperiment
verum pocled {rom four mice was usede Equal vcluaes

were taken from an Hib sale and a feaale of each of the
strains 10J, iiB and §Z¥s The pooled serum was stored at
5%C for 8 hours before use.

Each of five 0.l al aliguots of the pooled serum was
alzed with 12 A1 of ®pe solution dlluted to 10 4C per al.
Four of these saaples were incubated at 37°C for 8, 4, 2 and
i hours, the rifth was not incubatede The experiment was
designed so that all the incubation periods finished at the
sang time. The samples were analysed by D& and by Ia
imaediately after incubation. saaples for DE analysis were
prepared as described on page 35, Doth L Ml and 5 M1
samples were used for IE analysis.

The IE patterns were developed, washed and dried as
described earlier, but were not stained. The radiocactivity

was detected by autoradiocgraphy by pressing a plece of i-ray
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fila (Ilford 1lfex™) directly agalnst the .ry agar. The
exposure time was 10 dayse Ib patierns were stained with
sailucebiack arter the autoradograpgh had been ta-ene

dadloactive V. components were located by selntillation
counting and autcradiographye I8 gels were stalned as
describved srevicuislye The gel was then sllced transversely
8C as to 1s.late the aajor stuinod bands and the activity of
the slices ueasured uy lamersin; thea in seiatillation fluid
(sray, 4260) in a scintlillation counter (appeadix 6)e st
least 1200 counts (includin: the 30 to 40 per minute backe
grounu) were tazen for each samaple. ~fter cvunting, the gel
slices were .ried, glued on to a plece of paper and a plece
of A=ray film layed on them for autoradiographye. Exposure

was for 1= gayse

Jo=vive ex.erlsent

ale and fenale mice of each of the three st ains were
usedes These cuae from two age groups, old (9 tc 18 mouths)
and young (3 to 5 months) and were divided into three groups:

sumbers of aice:

otralin Old You.nf
male fenale male ezale

Group 1 1041 2 & p
Group 2 4B 1 i i 1
Ny 1 d 1 1

upoup 3 As for Group 2




o

bsch mouse was injected intraperitoneally with & 4C cf
“9re in 0.i2 ul of 0.9 saline. Group L was ireated on day
1y grodp 2 on day £ and group J on day Je

t=3 hours after injection bLlood saaples were taken amd
thie sera analysed by Db and Ly ibe It was carried out as
for the ip~viirg experisente iwlice the usual sample concen=
tration was used for .J& (i.e. the sera were diluted 1 in 44
with 5. suervse and O.l =l saamples takean). Five 4«1 saiples
cialy were used for lie ocubsequently saaples were tuken and

analysed weexly for seven weekSe

.utoradlograshy was used to locate the > Fe in both s
and lo patterns. For lE the method was the saze as for the
ig=-vitro experiment. For autoradiograshy of Uk patterns a
2 mm t ick longitwiinal slice was taken from each gel, dJdrled
onto a sheet of blotting paper (appendix 7) and pressed against
a sheet of Xe-pray filme. The exposure time was four to six
weeks for both Io and Db patternse There was little advaat-
age in longer exposures because after 6 weeks halfl of the
Dre (half 11fe 45 days) had already decayed.

S Ltalalne for Glveoproteins using the Ferdedlc
Acld schifl (PAS) Nethod

Lerum samples from each strain (each pcoled froam a aale
and a female of that strain), were analysed by JE and Ik.
Mmsmhsﬁ%ﬂ&tns.lnlof&tmcm were used {or &,



Js was run longer than usual to produce patterns about
double the usual lengthe 5 A1 serua sauples were used for
Lia Jis gels were trasated with rau ulter electrophoresis
and the I: patterns after washing in saline.

lethod (ras)

25 gels and I slides were immersed in 5» periocdic acid
overni;ht then washed for 4 hours in two changes of distilled
water. Jutaining was then effected by scaking for 4 hour in
0«5, reduced, acidlified basie fuchsin (wet.4ff's reagent).

6 Lialning for Liodd (llocorctelns).

The saaples analysed and the procedures used for UZ and
[ were the same as those described for rAs5 stalning.

Ix slldes (after washing in saline) were imamersed in 37
acetic acid overnight and then for 24 hours in the following
stain sclutiocng 60. aqueous ethanol, l.6: in sodiuas hjydroxide
and saturated with Sudan sed IV.

The above method was unsatisfactory for UE gelse These
wore stalned with budan black b using the method of lfratt
and Dangerfield (1289).




.era were {racticnated by gel-filtration as doscribed
previously and the fractions were analysed by Db ana Ib after
conceuntration by pressure dialysis (.ppendix 8). The relative
concenitrations of individual Js and Io eouponents in the fracte
fons were estimated (see belew) so that thelr iadividual
elution curves cculd be deterulned.

Three groups of experiwents of this type, (1) to (111)
below, were carried oute Iin all cases Oe.ll wul seruam saasples
were used for uF., Saaples for Uu and Ik were Jel ml and
5 p1 of conceatrated fractions respectively (see bLelow)e.

1) (a) rooled sera from each straln were exaained separatelye.
(b) Adjaceant . ul froctions were pooled in fours and
cancentrated to O.< wly le.0. 20 times concentration.
(c) The relative cuncentrations of both D& and Ii coie
ponents were estimated by visual coaparison.
(11) (a) as for (1) (a)
(b) idjacent 1 ml fractions were pocled in twos and
concentrated to 0,15 ml, L.e. 13 times cuancentration.
(e) as for (1) (e)e
(d) The GF column was culibrated for molecular welight
estimation using substances of known molecular wei: nt,
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as described under "fYolecular Weignt cstimaticn”,
below.

(1i1) (a) sera exaained were pooled from aice of all t .ree
strains,

(¢) as for (11) (b).

(¢) The relative conceatrations of I cumponents were
estinated visually as for (1) and (ii) vut toe
relative conceantratl ns of L& components were
estisated by photoelectric densitouelry.

(d) as for (ii) (d).

dnesults from one of the (iii) ex erisenis are 1llustrated
in Figure 9 in “iesults”.

In (1) and (ii) the [inal sodium chleride coacentration
in the conecentrated fractions was C.l Lo GeUbiy 1In experiaeut
(1i1) 1t was atout Je.2de i{his difference oceurr:éd because
tne water in the ;ressure dlalysis apparstus (appendix 8) was
changed once durin: concentration in (1) and (ii), but wvas
not enanged in (11i). The highor salt concentration in the
saaple in (11i1) caused the D& zones to be siightly blurred
compared with results cbtained in (i) and (il)e.

The concentration and 04 and IH analysis of the {ractions
froa a <F elution pattern took 4 days so that it was

necessary to store scme fractions (unconcentrated, at 5°C)

for 3 dayse
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[ ‘s ton of ik and Ik Comcomants C \F Fractions itk
those of the DE and Ib ratierns of wWhole .erug.

vk components in GF fractions were luentified with respect
to the patiern for whole seruam by running them adjacent tO
wiole serum samples in the same LUn gel after the method of
Clarke (1964). This was accomplisned by partitioning the
sample space at the top of the gel tuve with a plece of waxed
card, adding one sanple to each slde and tnem carryilng wut
elecctrophoresis in the usual way. nesults obtained by tinis
method are lllustrated in Figure 10 in "idesults".

[£ components in uF fractions were identified cy runaing
thea adjacent to whole sera, on the opposite side of the anti-
serum trough. liowever, beecause the shapes ol ares varied
somew!:at with concentration anu scme components had v.ry
similar mobiifities, identification ol Is compounents was not

always certaln.

nxperiments were carried out to investigats the follcwing:
(1) The immunological relaticnships ameng various Di coapoe
nents, including transferrin, and haemeglobin in serum
and from washed erythrocytes,
(11) The relationship between J-globulin as defined by agar-
g9l electrophoresis and the Di coaponent thought to be

immanogloculin,
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(111) The relationshi s of major L& components to the
corresponding 14 coaponents (albusim, transferrin
and imsuncglobulin).

For (1) and (i1) the double radlal diffusicn techaigque
of Luehterlony (1968) was usede » combination of the radial
difrfusion method and IE was used in (1il).

DE components were prepared from 15 /88 samples of serua
(three times the normal amount for D& analysis). The compo-
nents were isolated by slicing theam froa the fresihly rum,
unstained gel. ’heir positions were determined by refereace
to stained patterns, using the haemcgloblin band, showing red,
an: the albumin band, stalned by the broaophencl-blue, as
markerse The higher saaple conceuntrations used in DE did not
alter the positions of the coamponents.

for (11) ¥ =glotulin samples were prepared by electroe-
phoresis in agar gely S /1 samples of serum were used and
electrophoresis was carried out as deseribed for IL. laacde
lately after electrophoresis S5 mm discs were cut from the agar
in the ¥, and §, regions.

For (1) and (11) patterans of 5 am diameter wells (as shown
in "hesults", Figure 1l) were cut in a 4 mm layer of agar (ip
Davis agar in 0.9. saline contajning 0.0l1) Merthiolate).
camples were applied in the gel dises (agar, or slices of o8
gels) by inserting them into the wells. am@u wells were
filled with 0,075 to Oel al of antiserum tc whole mouse serum
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(as used for Ii).

In (111) the first _art of the I& procedure was as usual.
However, after electrophoresis a bridged antiserum trough was
cut and sample wells of Sam diameler were cut opposite the
bridges as shown below.

+

:

—_—

O\_ [ ———  iridged antiserum trough

slectrophoresis-sample well

.

lagunodiffusion sauple wells
L (1D wells)

Illustrating the well pattern used in the coabination
limimmunodiffusion exper iments.

The antiserua-trough bridges and 1D wells were placed
opposite the positions of the IE components which were tc be
compared with D& componeats. Pises of polyaerylaaide gel
containing JE components were inserted intc the ID wells.
Transferrins, albumin and J=-globulin were eross cheecked
between IE and DE by this methode
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3  Electrophoretie Mobility of )Y -Globulin

The bk mobility of a cumponent which was thought to be
¥ —~zlobulin was compared with that of bovine J¥-globulin
(BGG) (Cohn fraction II, B grade, CalBiochem). The mobility
of BCG was compared with the mobility of mouse J-globulin
in agar gel electrophoresis.

DE was carried out as described previously. Agar gel
electrophoresis was carried out in the same way as for 1IE but
the patterns were fixed and stained alter electrophoresis
using the fixative-stain solution used for DE (0.6 anido-
black in 74 acetic acid).

In egaer gel electrophoresis 2 /al and 5 Ml mouse serum
samples were used. Samples of BGG were 1 41 of 1%, l.)
and 2% BGG in barbiturate buffer, pH 4.6. Semples of BLG used

for JE were 10, 15 and 20 /g of BGG in 0.1 ml of 5% gucrose.



The molocular weights of DE and I&n components were estimated
by gel-filtration in the manner described by Andrews (1964).

The position of the various D& and Is c.mponents in the
GF elution pattern were determined as deseribed eurlier (page
“B)e rom this data the mocleeular weights were estimated
after calibrating the column as deseribed belowe

The elution volumes for substaices of known molecular
welzshts (Hx sarkers) were .(eteramined by rumning samples of
thiese materials on the GF eoluan in the usual waye.

The samplu used comtained 3 to 10 ag of the '§ markers
in 0.16 toc 0.5 ml of eluting wuliere In cases where the
molecular welghts of the markers were sulfflelently differeat
for thea to be well separated by GF, twu or three were run at
the same time, llowev.r, substances known to be proteclytie
were not run with other proteius.

The materisls used for column calibration asre listed

in appendix 9.




cXxperisental Mice amd Thelr Uroupling,

coaparison of sera frca Young Hice of All Three
otrains by el Flltration.

Cosparlson of vera froa ilce uver (me Year uld
of the Three ~trains by uel ~iltration.
vosparison of vera from Individual 34k Mice of

iWo Age uroupgs oy uel Filtration.

compurison of Sera from Mice of the Ihree utrains
at Jifferent Ages by Disc sloctrophoresis
and el Jillirstion.

vomparisun of sera froa “‘dece of the [hree otrains
ia [wo Juccessive Weeis uy Dise wslectrophoresis.

Comparison of Haesatocrit Values of Mice of the
Three Strains at Differeant Ages.
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In axperizents Bl, b2, i3, :4 and 26 no females which had
at any time been used for breedin. were useds The adopticn
of the usual practice of selection for large litters in the
Lreeding programse was unlikely to have tiased the results of
the blood protein studles. ocelection for longevity aaong the
experimental aice was, however, inevitable.

¥“ice used in Experiaments ol an. o2 were set aslue at
weaning after mice to be used [or brecding had been selected.
These mice were kept ceaged together in groups according to age
an. sexy with up to z6 mice per group. Mice within each
group case from all three strains and were born withim 2 to 3
weeks of one anciher.

The mice were later regrouped because the natural death
rute had cepleted the original groups. In regrouping, all
available mice in the colony, except breeder and ex-breeder
fesales, were includeds arcups were formed from mlce born
in the sa.e wonth where possible and, for mlce over 8 amonths
old, from those btorn in the same two month period 1f nusbers
were sasall. dSxperiments b4 and B6 were carried out concurrent-
ly on the regrouped micee.

In Experiment 05 alce were taken coapletely at randca
froa the whole colony, Lreeder feaales included.
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™he asopayate streins within a group were bled on consecutd

ve
e 5

days, except for experiment July 1565 where all were bilad the
saae days
Bmmuamﬂemm

et Date of perticular swries of conparisong.

gnd hach 8387 letter corresponds to o different group

of : mice.
zg mmcmut“um

5th Numbers of mice used, ¥ denotes nales and I femules,

Gth~0th Indicetes the time im daye for which the serun
wvas ctored frosen bvefore 8« O indicates
that it wne analyeed fresh, {(ansl. = analyeis)

(Apeec are nedians for ranges over one veeck.)




Lerums ssuples, each poocled froa young mics of one strain,
were ccapared Ly uFe The pooled samples were analysed both
fresh and after being frozen at =6 to -=10°C. several groups
of mlce were examined over a period of 15 months. kach
group comprised amice born within a period of one weeke.

The siralnegroup serum pools were prepared as followse.
{ale and female pouls were pre.ared from equal volumes from
individual male and female alce respectively. iqual volumes
of the male anu the female pools were mixed to give the strain
poole

GF eolumn packings resalned steady in thelr perforsance
for up to six months. The extended duration of this series
of experiments meant that three column packings were usede.

‘he different packings had dilferent separation characteristics
(see "Investigation of dethods") so that results were not
directly comparable between packingse.

Detalls of the comparisons made are presented in full in
Table 1.

Data obtalned from the GF analyses were heights of the
thrupuklmtbpatternmmluotﬁbatmn/( with a
2 cm light path.

ihe fcllowing comparisons were made for each of the three
GF peaks (see page 111 and Figure 9):
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le Fresh sera froa mice of the three strains at 7 to 8
weeks of age in two replicates, groups b and C, at
different tisese.

Hodels oy = /‘ METIR TR Y

where D, J is the observation on the ith strain and
~he Jjth group,
/(13 the overall nmean,
5y 1s the effeet of ith strain (fixed),
"“J is the effect of the jth group (randca),
Ty the residual is assumed noramally distrib-
uted and iﬁ = Q.
<e sera freshy and frozen for two different times, from the
tiree strains within one group; group e
dodels Iy ™ Mot SRESY
w.ere
;)“ is the obse vation on the ith strain
and the Jth storage treatasent,
M 1is the overall mean,
8, 1s the effeet of the ith strala (rixed),
Fj is the effect of the jth storage treataent
(fized),
ryy 1s the residual (as for 1)
The strains could not be compared in this experiment because
only one sample from each strain wags included. The 5,8 are
best regarded as block effeets in the investigation of the
storage=-treatsent effects.
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3e Fresh sera from the three¢ stralns at three agesy uroup c.

where D” is the cbservation on the ith strain at
the Jth age,
M is the overall mean,
5y 1s the effect of the ith strain (fixed),
“y is the effect of the jth age (randca),
ry; 1s the residual (as for 1).
4e Lomparison of sera from J4B alce at two ages with

rei.licationg two groups of mlcey, and sera fresh and frozen.

dcdels g M A T F G ey

where Dljk is the observation on the ith age,the jth
storage treatment and the kth group,
M is the overall mean,
ay 1s the effect of the ith age group (randoam),
FJ is the eff-el of the Jth storage lreataent
(fized),

G, 1s the effeet of the kth group (random),
ik is the residual (as for 1).
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TADLE 2 The Cooposition of the fge~troups in Experiment B2.

group | Age Atrain | lioc. of Hice
nonths asle female
: | 18; 101 5 (3
bis e 3 2
nzy 2 5
2 16 101 8 8
Hz 1 6
HEY 7 &
. | 15 101 G G
1HED 3 2
L Fa 5 5

Groups 1 and 2 contalined mlce fvom groups & and I Pegpectively
of Bxperinont ., 2 U175 nlice and 1 12Y nouse in grous 1 wvore
not in group A and § 101, 3 2" and § IZY nmleec in group 2 wore
ot in group B.




vera from three groups of wice all over i year old were
examined by gel filtration. The saae UFf coluan was used through=-
oute [he separate sirains, within age groups, were sampled on
consecutive days so that analyses for one group were coapleled
in a three day perlcd. The analyses for all three groups were
carried out within a period of one month.

sera analysed were podled for each strain within an age
group in the same way as descrived {or :xperiment .l.

Detalils of the mice used in this expsriment are given in
i‘able 2.

Data measured rom the LF analyses were heights (UD)
of the three peaks in the eluticn pattera as for bLxperiment EBl.

TZhe three stirains and age groups were compared according

where D“ is the observation on the ith strain
and the jth age group,
M is the overall mean,
84 1s the effect of the ith strain (fixed),
‘4 is the effect of the jth age group (random),
Fiy the residual assumed noramally distributed
with ‘i’ﬁ = O,



+he sers of 18 individual .4 alce,of btoth sexes and froam
age groups 1i to AS weeks and <5 to Z7 weeks, were coapared
by :Fe

vlood samples of O.> ml were taken in order to get the
0elS wl of serum required for analysis. (ne mouse was sazpled
each day and the serum analysed fresh, so that the saumples wvere
taken over a 4 week period. 1.2 same GF column packing was
used throughout.

The nuabers of mice in the age - sex subeclasses are Jlven
belowe

Hale v 3
Fenale 3 S

The first peak in the eluticn pattern (macroglobulin peak)
was measured for all 18 amices The middle peak (ismuncglobulin
peak) was weasured for all wut four of the 14 to 16 week old males.

Comparisons were made between the macroglobulin peak-
heights and between the ilmmunoglobulin peak<heights according to
the model;

”u'/”"!*'s*"u”u

Where I)’_.1 1s the cbservation on the ith age groun



and the jth sex,
Il/ 1s the overall mean,
Ay is the effect of the ith age group
(randoa),
r“J 1s the effect of the jth sex (fixed),
Ai"u 15 the effoct of the intecaction
velwoen the ith age group and the jth
sex,
r,_'1 the residual 1s assumed norwually
distributed and i'_i-:l = 0.
Analysis of variance for unequal subelass numbers was
carried out as described by vnedecor and Coehwran (1967).
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TABLE 3. Sex - Strain - Age Sub-Group Numbers for Experiment B4

Group Age in months Strain No. of mice
Males Females
1 28 101 0 3
2 17 101 3 0
NZY 2 5
3 12-13 101 L p)
NZB 2 0
NZY 3(0) 3(0)
L 11 NZB L L
5 S 101 L L
NZB L L
NZY L L
6 7-8 101 L : L
NZB L L
NZY' 1 1
7 7 101 4(3) 4(3)
NZB 2 1
NZY 3 5
8 L=5 101 L(3) L
NZB 2 0
NZY 2 3
) 9 101 6 2
NZB L L
NZY 3 )

Ruling indicates pooling of DE data from the age groups
for statistical analysis.

(The figures in brackets refer to Experiment B6, see page 69) .



Jdiee of all three stralns were caged togetuer in age-
2ro ps for two months prior to this experiment.

sach serum saample for GF analysis was pooled fresh froa
a strain-age subgroups This meant that a2ice of one straln-
age subgroup were sampled on the sawme day. The sirain sube
groups within each agee-group were sampled in random order on
consecutive days. Age-groups over eleven msonths old were
saapled in the order oligst (irst because these groups
contained saall nusbers and nad a higzh mortality rate. The
younger age- ro.ips were sampled 1in random order.

Details of the compositions of the age-groups are glvea
in Table 3.

in this experiment sera for .7 analysis were pcoled taking
equal volumes from all individual mice rather than equal
volumes from the sex pools as in kxperiments ol and LZ. This
was done because the results of Experiment i3 had shown that
for NiB amlce variations in the GF patterns were greater Letween
individuals than between sexes. It was therefore apparent
that with the small rumbers avallable the results were more
likely to be biased by taking unequal volumes from individuals
than by taking unequal volumes froa the sexes.
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vne cclumn packing was used Lnroughout the experisent.
reak-=nelghts were azeasured as previcusly described.
sera froa the strains and age groups were ccampared according
to the models

s)lja//-rdlfaji-rn

wiiere by j is the observatlion on the ith straln and the
JUli age group,
/a is the overall mean,
S, is the elffect of the ith straln (fixed),
a9 is the effect of the jth age group (randoa) and
Py the residusl is assumed noramally distributed
and ;l‘u = Oe
The groups included in the statistical analysis were
Gy 4y Dy Gy 7y 8y and 9 of Table 3. uF analysis of Hib serua
from Group S alsecarrled and wroup « LdB results were substituted
so that the L.ib mice of thls group were il months old rather

than 9 aonths olde

ik 1ya8
Serua sauples from individual aniaals were taken for LB

before peoling for GF and analysed by Oc as described previouslye.
The straineage groups shown in Table 3 were coupared

within sexes according to the model:

Dygy ® Ay o+ Sy4F; o A 3Fy ¥ BAL R vy

where Dijk is the cbservation on the ith sex, the jth




strain aid the xth age group,
/71 is the amecan for the ith sex,
..)le"i 1s the effect of the jth stralo within
the 1th sex (fixed),
"’k”’i is the effecl of the kth age groeupy within
the {th sex (randoca),
uAJKSFI is the effeet of the interation of the
Jth strain anc the kth age group within
the 1th sex, and
ek the resldial 1s assused noraally distributed

and m“o.

. @xes were coapared overall and alsc within stralns, Ly
wtudent's ¢ test using wean-difference variasasces calculated
from the residual variaaces for each sex after fittinz strain
and age, as described by .rownlee (1985).

~nalysis of variance was carrled out by the least squares
method for unequal subclass muabers aceording to —arvey (1960).
Caleculations were done using a digltal ccaputer.
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Jera taken {rom mice of the three sirains in two consecu=-
tive weeks were comparaed Ly Ube At the saase time the compo=
sitions of sera taken frum ansestietised and from consclious

aice were coaparede

48 mice, sixcteen frow each strain, wvere useds The sane
&3 mice were sampled both weeks. The 16 mice were fuur of
each sex in each of two age groups. The two age groups were
uice between 2 and 6 months old and aice over 9 months old.
The four mice of a kind were allotted randealy tc four treate
ment Llocks to test the effeet of anaesthesia,

~ithin the restrictions stated mice were taken coapletely
at random from the whole evlony, breeder an: breeding fesales
included.

The four treatacats are uescribed under "affeets of
snaesthesla™ in "luvestigation of ethods™ page 75e

Hice used for this experiment included aice used in
Zxperiments bly 2 and 53 and eight 10l aicey eleven [Hib aice
and six 1Y mice which had not been used in any previous
experinents.

dice were sampled in six groups of eightes EZach group
contalned two mice on each anaesthetic treatment, but aice were
othervise allotted randoaly to the six groups. In each week
the six groups were sampled over {ive days, one group on each




of four days and two groups on the [ifth daye The groups were
saaspled ithe second time 7 days after the first.
ui&lylls by Db was ecarried out as deseribed .revicusly.
~tatistieal analysis ol the results was carried out

acccrding to the molel:
Dy 1c*® PRI Ay v g v HTg v T edy regy
1S
w‘émc D4 Ik is the observation on the ith mouse

type (sex-age-strain type), in the jth

| week and the kth treataent group,

M is the everall sean,

541 -13 the ef . ect of the 1th mouse type

(random),

4 is the effect of the Jth week (fixed),

g J is the eliect of the inte.ation between
tihe ith mouse: Lype and jth weelk,

NIy 13 the effect of the inte.action belween
the 1th mouse type and kth treatuent
Eroupy

T’k“J is the Jerfoot. of the kth treataent
within the Jth week (fixed),

'l!k the residual 1s assumed norsally
distributed and ¥y, = 0.

discing data were repiaced according to the procedure
described by Snodecor and Coechras (1967).




inis study was made concurrently with dxperiaent o4 using
tlood saaples taken at the sase tlme as those used far the
serua samples.

Table 3, page 63 gives the cowposition of the straln and
age groupings of the amice used in thils studye. -aesatocerit
values were not obtained for all the mice of ixperiment o4e

nere the mgabers for this experiment :nd :xperiment bé differ
those applyin; tc this experiment, .6, are given in brackets

in Table 3. sxee, ting that Group o was pucled with Groups 3
and 4 the data were grouped for statistical analysis in the saae
way as the Do data In Lxperigsent bée.

The haeaatocerit data were analysed according to the model:

Dljk = // M aJ + Fk' ::‘Au * “',lk + a?m * uu'uk + rijk

whiere Di.)k 1s the observation om the ith strain, the Jjth

age group ami the kth sex,

M is the overall mean,

5, 1s the effeet of the ith strain (fixed),

ay is the effect of the jJth age group (random),

rkum.rmzormkmux(nud).

fu\u is the effeet of the interaction between the
itk strain and the jth age group,

AF’J' is the effeet of the interaction between the
jth age group and the kth sex,




)

wFy, 1s the effect of the Interaction between the
ith straln ani the kth sex,
a&FUk is the effect of the Interaction b.tween
the ith strain, the jth age group and the
kth sex and
Teik the residual is assumed norsally distributed
and Ti.J_k = 0.
The analysis of varliance was carried out by ths least
squares method for unequal subelas: nuabers according to
llarvey (1J60)s Caleculations were done using a digital

computere.

» . 0 i

This test was carrled out on the red cells used ior rCV
gseasuresents in rxperizent 6. The red cells were five times
saline washed and tested for coatings of mouse fmmuno;lobulin
by a direet aggzlutination procedure using diluted rabbit

antiserum tc mouse lmaunoglobulin IgCe.

(The rabbit antiserum to mouse immunoglobulin was kindly
supplied by lr. heGe Couchman of the FeleM.ieFe)
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The wouse sirains used were typed fur the genetic variunts
of transferrin detectable by eleetrophoresis. Typing was
done by dise

104 strain aice have been regcrted tc have the "slow™ (B)
(ashton and Lraden, 1961) type transferrin and CLA strain alce
have been reported as having the "fast” (A) type transferrin
(Cchen, 1960, shreffler, i960).

adequuate information on the strains 104, il and HAY was
gathered from other experisental work in which O& 'm usede
era from CuA strain amice (2 of each sex) obtained from stocks
held by Ce.aeilele (utaats, 19€4) were used tc obtain the DB
pattern of the "A" variaant of transf{errin.

The mobilities of the transferrins of the three strains
104, &b and HiY were also ecapared more directly by b€ of
each possible strain palr side by side in the same gel using
the method deseribed earlier and illustrated in Figure i0.
in addition sera frum one mouse of each sex of each oL Lhe 71
hybrids, 1014 xxzs? , (284 x101? and n2¥d xuiE? , were typed
for transferrin variants.




I LABMOGLOS

Haemoglobin from each of the three strains was classifled
dnto “"diffuse”™ and "single” electrophoretic variants by Ji.

llaemoglouin from 101 mice has been reported tc be "diffuse"
and haemogloiin from COL7 aice to be "single" type (ropp gt al,
19868)e The haeacyglotins of four sale and four fesale 44l and
#2Y ulce and one male and one female of each of the Fl hybirids
iad 21019 , 1014 xia? , ia¥d xv.b9  were compared with those
of four male and four fesale 10l mice and two male and two
feaale C57 alcee.

CS7 aice were cbtalned from stocks held at Sedeidele
(Utaats, 19€4).

Lleod sasples were ccllected in heparinized eapillary
tubese The red cells were washed {ive times with
physlological saline. 1Ihe ecells were thea lysed in 2 to 3
tises thedir own volume of distilled water. 5 4«1 saaples
of the resulting sclutions were amalysed by J& in the same way

45 seruile
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cerum and plasan were coapared Ly Jb.e rvlasaa was
obtained using both clirate an. heparin as anticoagulauts.

vanples were taken from four mice of each stralng a unle
ai: a female from each of tw age groups. I1he aice from one
age group were & monti:s clde The other group coaprised 2
wonth old A04 and LY mice and © month old §ib uice.

:lood samples were collected from the tall in ecapillary
tubese olcou for serus was ooliﬁcteu in plain tubes and bloed
for heparineplasma i{n heparinized tubes (Clay daws, lieYe)
cleod for citrate-plasma was collected in tubes which had Leen
filled vith 1x sodlum eitrate and dried in an oven at 9G°C.
after coullection 30 minutes at rooam temperature we:re allowed
for the clottin: of the saaple {for serua, oerum ana plasma
saaples were prepared by ceatriiuging the blood saaples for
s aimutes 1n a alcrohaematuerit centrifuge (internutional, Leiens)

tiouse serum was analysed by D& fresh and after storage for
two weeks both frozen at =5° to =10°C and 1iquid at 5°C.

The effects of storage of serum f{rogen, on the GF
patterns were ilnvestigated as part of bLxperisent Lle




The object was to investigate possible differences in the
composition of sera colleected from ccascious ana from
anaesthetized mice.

The basic experiment was deseribed earlier under sxperiasent

The four anaesthetic treatments referred Lo on page ©7
were as ‘ollows:
Ireatament group 1st week treatmeant &nd week treatment

1 anaesthetized anaesthetized
2 conselious anaesthetized
3 anaesthetized conscicus
“ consclous conscious

There were 12 mice in each treataent group, 1 mouse of each
sex of each of two age groups and of each of the 3 strains.
The age groups were 5 weesxs tc € months, and over 9 months.

vaaples were taken from anaesthetized mice as descrlbed
in appendix 2. The method used for tle consclous mice wvas
essentially the saue,y but a little packing was added to the
holder to restrain the mouse more effectivelye.

DE was carried out as previocusly described. The results
were analysed according to tholod-lglvnoupa@.‘&.




iairs of samples tLaken {rom the saze mice at different
times and at one time were coampared by Ji.

=2auies tasen at dilferent (lses

bata on differences between saamples taken from the sane
alce at an interval of a week we:e oLtalned from kxperisent e
(nly ireatment 1 (see previous section on effects of anaes-
thesia) was strictly ap. licable beecause the others departed
from the usual sampling procedure (mice anaesthetized) for at
least ome of the saaples.

In the course of nxperiment .4 ei ht 10l amice were bled
on two occasions 6 days aparte

g les ta : time
Suplicate samples were tuken at one time from a 10l male

an: from an 4 female.




vold velume and peak .rofile
“wo cclumns were tosted using the Uollowing:
de 1 @y of "blue _extran" in 0,45 ml ol wuffer
Lo doag " " " * 03 wi ™ "
3¢ 2ug " n " ® 0el5 ml " o
“he vold volumes were :lven by the peak positicns in the
efflient. she peak hel; ts and the widths at nall peake

heigiit were measured as indices of _eak profiles.

sdutdon patlerns of sera
Iwo samples {rum a pooled mouse serum were fracticnated

on the same column, Une sanple was used {resh and the other

after overni ht storage at 5°C,




The amounts of the various D components were not

measured direetly in concentration or weight units. Instead
the amount of amido black stain taken up by each component
was measured in terms of its peak optical density (peak-height).
The relationship between amount of protein and peak height
was investigated using bovine serum albumin (BSA) (amorphous,
Mann) and bovine §-globulin (BEGG) (Cohn Fraction II, CalBiochem).
The amounts of ESA and BGG used per sample covered the range
0e5 to 20 flge The BSA preparation also contained two other
components which were probably albumin dimer and albumin trimerj
GF showed that their molecular weights were of the right ofder
and they were found to be immnologically related to albumin.

The method of correcting the peak heights for differences
in Dii pattern length was checked by running samples of the
same sera different distances in the same D& run and applying
the correection. Lboth forms of the correction, the linear
and the square root (see page 36) were applied to the major

components.
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(vesults are summarized in Table 4.)

The three treatments, serum, ciir:te-plassa and heparine
plassa affected only three components. Sach of the three
compounents was assoclated predominantly but not exclusively
with one of the treatments as Iollows:

Citrate=plasma Comil
Jeparineplasaa LleSmi

ihe intensitles of these bands were in most cases, slullar to
the intensity of C50 or else as faint as C54 in rigure 1A
(+ and t in Table 4 respsctively).

Citruteespluswa gave the wost coasistent pattern and
heparineplassa the least cunsiste .t. llowevery a large aamcunt
of eitrate was required te inhibit clotting (isx scdiua clirate
in the blocd) and neither this nor the heparin treatuent always
coapletely prevented clotting. It was therefore concluded
that the wost reliable results would be obtained by working
with serum, adding nothing to the Llood.




»
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Plgure 2 DE rutterns of Serun Fregh and stored "rosen



Coaparison of the V& patterns of fresh and stored sera
showed ocbvious diiferencese. The following table lists the

differences observed.

TROATHAAT Faesi BTW 2 WikAS
LISUID (47C) FROZES
COMFORLNT
Ca5 absent occurred faintly | cften occurred
in some saaples as a major
ccmponent
CED=2E very faint | a little more greater inten-
prouounced than sity than either
in fresh rsash or stored
&°C
Cil faint and | faint and greater inten-
diffuse diffuse sity and
sharper

C65 was not found in fresh sera but in some {rozen sauples
reached the intensity of the major component of transferrine
C20=25 was a pattern of about 4 faint and very variable bands
superimposed on the lmmunoglobulin region.

The patterns obtained with fresh and stored sera are shown
in Figure 2.

These changes in the pattern on storage were not consistenty
in scme samples changes were obvious while in others changes
were not deteecteds It was, therefore, considered that sera
should be analysed fresh 1f valld comparisons were tc be made
between mice.




Two sampling treatmsnts, anasesthetlized (A) and conscious
(C), were compared within weeks according to t.he model on
page €8. For complete experimental design see hxperiment LS.
inly the components C46, the main component of transferrin,
and (81, a post albumin cocaponent, were affected by the treatamcuts.
:liese coamponents showed highly significant (p <.005) but small
differences in concentration between the two sampling methods.
ustimates for effeets on all components are given in
Table 5. analysis of variance tables are glven in Appendix 12.
The estimates of these effects (as deviations froam the
means) are ¢given in the following table. Flgures are OD units
sultiplied by 1i00.

Component C46 (mean = 106.8) C81 (mean = 24.3)

Group of mice i 2 3 b 1 a2 3 G

Week 1 Treatment| A c A (] A c A c
LStimate |w2e7 =3e8 wéel 10ed [=2.7 247 =lod 1lb

Week 2 Treatment A A C C o A C C
EStimate |wfe0 =68,0 746 363 |=lel «0.3 1.0 0.6
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The eflects in the first week zave the ove.all estimates

shown s

womponent C46 w84
ireatsent A =3ed 2ol
G 363 2ed

Components C46 und C81 were about 7% and 20X :igher res;ective-
ly in samples from consecious amice than in sasmples {roa
anaesthctized amice.

ihe effects in the second week were siwmilar to the first

week effects for C46, tut were much reduced for C8l, as shown:

Ccaponent C46 w8l
Treataent A -led -Je?
“ Hede Je?

The overall means for treatment effeets in Loth weeks were

as follows:

Coaponent 48 w81l
ireatasnt i =bedy elek
C S led

There apgeared tc be little effeet of the treatacnts in
the first week carried over to the second week, as can be

seen below.




Goaponent Cab c8l
Ireatment (7irst 4seeix) i ie8 -0, 1
C -lef 0.1

inese resulls show that apart from the poste-alpumin
compornent OBl the Ui patiterns of sera {rom conscicus amice
differed very littile froa thouse of sera from anaesthetized
clcee




87

TABLE 5.
EFFECTS DF ANAESTHETIC
ESTIMATES OF PARAMETERS
ANAESTHETIC WITHIN WEEKS
1 1ST WEEK 2MD WEEK
BAND MEAT A G A gl A A ha o
B10r\3 07T —eb6 =2.2 Z6 P ~-.8 Zab =27 ‘5332
o) 745 Q2 ) E—By O 7o 2 -2 Rd et NG al -7 V4 5!
<5 11873f -5.3 el e R T TR RS . 3.9 . =l
C3 Rime %o & n =l R o S .6 0.4
(oF:] gD ali] ~1.8 . =250 345 Pt VTN S0 Wl —
Bl BT 50,1 Sedindmeo v, B34l - sy let e 7
C15-30 30.7{ -3.0 «3 0.0 . 20 1. W[ -2 .8 2.6
C30 Gbe Ll 4.4 4.6.5-%.8 (58T« -a22, sl Wb 2.9
C38 66 9fs=1.4 286 ==INT Bl —ug «3 740~ 2.3
C46 106.8} =247 ~=3.8 —-4.0 1Q0.4| =4.0_ -6.9 7.6 3,3
C50 58.2| =449 2.6 —B¥8 . b.0}I-441 LA -2 .5 Bs 2
C54 A8 206-23.4 238 w6 3a 2] =~ 3 0 2 33 2%
C60 a¥MF=—6c.3 2.7 «-1.8 Sl = TU5 jem it '4.2 443
C70 o 2.6 —.9 te 5 -l 0.8 =1,4 V&2 22
cs8l 283) =2, T ' 280 aRG Yok | =1 hmianei3 10 5
C100 ZOBRERE W 4 2.4 Boi—2MmE L, F SITT o b
C118 TVarlcrs 1o N8 BgRs 4ok JB =T AN -3.0
(BAND = COMPONENT) ESTIMATES SIGNIFICAMT AT THE
A ANAESTHETIZED .PROBABILITY LEVEL 0.005
C CPNCIOUS “ UNDERLINED THUS

(EFFECTS ON OTHER COMPONENTS NOT SIGNIFICANT AT THE
PROBABILITY LEVEL ©0.1.)
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TABLE G Optical Deonsities of DB Components for “epeat
damplos from the Soamo Hice.
B TED BOUSS, WFLICALR HEEANE OF 12 W LA
CAILED OO R CASREE THATLS oo BR A,
fot ZFEE @nd WEED

CoeH 107 o0 1406 1,07
Cted 112 1419 Se93 et
0265 0u53 Oty o 4407
G3 023 Qo iy Qo2 025
o8 0st9 020 De23 Oe23
o 0.2 0425 0435 038
Ci5=30 Cehs 0u26 0.29 Oe28
CRY 0429 s incomplete data
c30 0436 Oel30 Oulily Oelily
€35 038 Ouli0 incomplete data
S 050 DSl 0.68 Oully
6 1406 1.0% 1406
¢50 DB Qe37 049 e 50
o Oully Oetd Ce2d Ge25
c6o Out6 010 Dei2 Oe2ly
c70 Cet2 0a13 0u15 D11
o el Gedly Qe Ceidly
Ce00 Zo1% P 130 2e22
G110 be32 033 Oelip Geb?
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 Taped FROG TH. oM HICE (Ug)

for serum saaples taken at Lhe same tlwe {rom one mouse
(duplicates) the cotical densitlies obtained for amocst Us
components did not differ greatly. (icwever, some of the
ainor cuaponents scmetimes differed by as much as 50,.)
Aflercnces eiween sanples taken lrom the same mice a week
apart were rather greator, see "nesults?, uxperlment ide

Eahie 6 shows the optlecal densities for coaponents of Lwo
saaples tacen at the same time {rua one iib lfemale on the leflt,
and cn the right the mseans over 12 aice (four from each strain)
for samples ta:en one week aparte The lutter set of data was
tasen from oxperiment LS5y Treatuent uroup 4y ansesthetized
toth weckse

For duplicate samples taken from two mlce, & 104d and an
habg the intra-class correlatlon tetween duplicates, within
wicey, witnin coaponents gave a correlation coefficient

EE
asc = 0.83

2 2
Guc * SDiusc

<

Mie
6;‘”:“". is the variance due to duplicates within

where is the variance due to aice within coaponents and
mice within ccamponents
This indlecates that for these two alce at least the .b
patterns of the sera had a reascnably bhigh repeatability.



The following table glves data on the shapes and positions

of peaxs obtained using different amcunts of clue Uexiran

(mclecular weight :3:106) in dif erent sample volumes on two

different coluans.

clue Jextran is excluded from Jep .adex

G200 30 that the peak position in the elution pattern glves

the wvoild volune.

amount of bample |Peak heighty CU | Peak width |reak posltion
blue Dextran|/oluse |at 620w/ (Zea) | at & height|(veid volasme)
Coluan "A® |

1 ag Oed5 ml Qe d34 Se3 ial 4led ul

2 ag Uedb ml Oe 406 Seb ml bced ul

2 mg 0.3 ml Ce &0 Se3d ml 4ced ml
Goluan "B"

d ag Oedb ml Oe 452 6 aml 4808 uml

2 ag Oedb ml 0300 Se8 ml WBe5 ml

2 mg Oe3 al 06308 6e3 al 49e5 al
sstimated reading limits of the weasurcuents: peak height

0D, * 0,005, pesk position = 0.7 ml, peak width = 0.5 ale

These results showed high reproducliivility in the pperation

of Sephadex columns. The widths ol the peaks at half the helght,

did not change measurably with the saagple volusme up Lo 0.3 =l
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nor with the amount of Hlue Dextran in the sample. The peak
position (vold volume 1n this case) was also reproducible.
for saaples of the saue size the peak hei hts were constant
and for different sized sasples appeared Lo be a _ocod measure
of the sausple slze, as would be expected from the consta:icy of
the half-neigzht peak widthe

iowevery the agreec.usnt belween the paraseters seasured
on the different columns was puore. {he two cclumns, A and i,
were as close in properties as any two used in the ,resent
WOrie iecause of these large btetween-coulumn aillerences
direet coampariscns were not wmade between samples analysed on
different coluans.

The peak positions were also found to reaain constant
over a longer series of runs. The vold-velume and half=-
height peak width measurements (using iblue Lextran) taken befcre
and after a serles of eight eallbration runs were;
Peak position {ml) 4 height width
vefore 3863 S mi
After 37 4eS ml




ihe peak heights and positions for two [ractionations
¢Z the saae @ouse serum on the same coluan are glven belowe
The first (ractionation was made on the resh seruam, the second

after the scrum had been stored for 25 hours at 5°C.

Peak position (al)| Peak helght 00 at 285 a/, (cem)
7 “racticnation Ffracticnation
 Peak ist  =2nd st  2nd
st (G™) 305 &0 Ou 46 04455
end (GFG) 59 60 Dedd 04d8
3rd (GFA) 755 80 De38 Qe 32

These results show close agreeuent velween runs.
The difference of 2,5 ml in the position of the 3rd pesk could
be explained by a mean fraction-volume difference of 0,03 anl
and 1s within the expectation for the method used.
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Figure 3. Photograph of DE Pattern Compared to Densitometer
Tracing of the Same Pattern. (These Correspond to
the Same Pooled Serum Sample as Figures 1A and 9.)



~ilgure 3 shows & photograph of ths sase i jattern of
PO led wouse serum as shown in Figure 1A, together with the
corres onding: ieasitocmeter tracin: of the patterse.

.he relationships vetween protein concentraticns and
cpticaledensity (CD) maxima in stained D€ patterns are shown
In #lgure 4o [h:@ components al, A2 and A were ccntained
in a comasrcial preparation of bovine serum albumin and were
probably albumin monomer, dimer and trimer respectively
(see Methods). The conceuntration units in “igure 4 ars tutal
percent concentraution of the comamerelal albuusin and perceat
concentration of BGG (ocovine ¥ =globulin) in the S /1 sauples
used in D& analysese

Tne reiastionships were nearly linear (the lines drawn are
the regression lines, 0J on conceatration). It was evideat
that the .eak heights fer staining intensity in OD units were
adequate lor comparison of different concentrations within
each component. The concentrations of different componeats
could not, however, e compared between components using the
stain OD beecause the different staining properties of the
differeant components were not known.

Investigation of the effeet of pattern leagth on peak
height showed a 158 range in peak height variation due to
variations in pattern length between 3.6 ca and 48 cu,

(This was the pattern length range in ixperiments L4 and BS).
It was found that for three of the four major compoacntls
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investigated, the exception belng ilamuno;lobtuling a eorrection
factor proportiocnal to the square root of pattern length
greatly reduced the peak height variations; for imaunoglobulin
the peak neight variations were uinimized by a correetion
factor proportional tc patteran leangth (see page 36).
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Al [dentification in Teras of Gtaandard .Jjcmenclature

1 ieroxidase active components

"

Ceruloplasasin (by oxidase activity)
3 Coumponents containing iron
4 ulycoproteins and Lipoproteins

AZ Investigation of Identities between Ii and D&
Components and their Occurrance in GF Practions

1 Loecation of e aud Ii ccmponents in the
GF pattern

2 Issunological relationships

3 Investigation of the mobllity of fasunoglobulin
I1g6é in D&

A3 Estimation of Molecular Welights by CF
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Pive L. and two I cumponents were found 0 have
peroxidase activitye
The peroxidase-active Ju components were;
Cé3 1in some samples; this couponent was nol always
detectable in the amido-blackestained pattern
46 1in all saaples
¢50 1in all samples
54 very falntly, only detuectable in some sazples.
This component was very faint in amldoebllacie
stained patternse
C60=C30 haewoglobing where this was present as a result
of haewmolysis. [iaexnogzlovin wnen in sufficlent
ecuoncentration was observed in this region of
unstained gels as a red zone. Its presence
coincided with high peroxidase activily.

Flgure 5A shows the amido black stalned Do pattern
together with the same pattern ata}md for peroxidase activitye.
The haemoglobulin showed cnly falntly in the amldo black
stained patlerne

in 1k patterns the peroxidase-active preclpitin ares
were . _., and B, ;. The position of the are B
corresponded to that of haemoglobulin added tc Uhe serum

LIBRARY
MASSEY UNIVERSITY.
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(Mgure S8). The positions of both the ares, o(._;, 2and B, ;1
corresponded to the positions of haptozlobin and haemoglobin
resgectively as reported by Willlaaus and Jeayss (i061).

fMgure 51:(1) shows IE patterns stained for peroxidase.
The sample on one side had haemoglobln adied to the seruamg
peroxidase staln due to residual unpreeipit:ted haemoglobin
shows clearly. Fligure 4i5(11) shows the same [E pattern
wiile the precipitin ares were developing. The dark pateh
above the trough is the added haemcglobin Wwhich showed red.

‘era from both sexes and all three inbred strains,
101, HZ5 and NZY, showed the same patterns of peroxidase
activity.
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B Component C60 was the ocnly one for whieh oxidase aclivity
was detected. Flpare 6A gshows oxidase stalned patterns
compared with amido black stained patterns of the saune sers.

stainings aaldo oxlidase auldo oxidase do

black black b ack
origin i
| |
Cc60 ' Cc60
|
albumin
+
stralns Y AT LS HZX e FA' 4 401

“Lgure GA. PE patteras of mouse sorum showling the position
of oxidase activity (ceruloplasain)e

Lecause the CO0 position was occupied also by haemcglobin
this protein prepared from washed rede-cell lysale was checked
for oxzldase activity in Lhe same waye Hone was detected even
whien double the pepheuylene diamine concentration and double




i0e
the incubation time were used together with an excessive

amount of hasmoglobin of both phenotypes.

15 The only arc for which oxidase activity was detected was
/g lel® Figure 60 shows an oxidase stained pattern ccapared
to the amido black stained pattern of the saue serua,

stain

~aido black

A 11
Figure 68 Comparison of I& patterns of mouse serum
stained for protein with anldo black and for
oxidase activity to show ceruloplasaine.

Sera from mice of all three strains gave the same
patteras of oxidase activity.

Oxidase activity as detected by p-phenylemediamine at
pil 5.7 15 sald to be speelfic for ceruloplasmin (Sass-hortsek,
1965) so that these results provide reasonable evidence that the
DE component CS0 and IE component ﬁhlmemlopm



in Yitxo
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iutoradlography sho.ed radicactivity in ome arc, S,_re
‘here were no detectabls differences between the sausples
incubated at 37°C with “%re for different times. The sample
alxed with °’fe immediately before analysis gave the same

results as that incubated for 8 hours.

Autoradiography showed very faint racloactivity in the
gel slices curresponding to the origin and in the C46 slices of
four of the gels. .ctivity was sc faint that its detection iy
this procedure was marginal,

Seintillation cuunting showed most gel-slices to be
weakly radicactive. iiowever, the only slices consistently
labelled in any strength were those corresponding to the origin,
Cé3y C4By CH0 and C8l. C8l1 was not labelled in the sample
which had not been incubated, b .t becume increasingly labelled
with increasing time of incubation. Components Cl5=-30 and
Ci00 (immunoglobulin and albuain respectively) were not
labelled.

Figares 7A and 7& show the densitoawstirie tracings from
the Di gels with superimposed histograms showing the radioce
activity of the gel sections. Flgure 7A shows the patteran for
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the none-incubated sample. Figure 7C shows the patiern for
the sasple incubated for 1 hour and is typilcal of the ineubated
saapless The densitometer tracings are cutl off at 0D 0,85,
The vertiecal scale of the histogram is in units of relative
counts per ainute.

The results of IE analysis showed elearly that 4. _. was
transferrin as reported by Clausen gt al (i®960)e. The results
of Db analysis provide evidence additional tc that obtained by
poroxidase studies, {or C46 being transferrine.

in iive
AL
all classes of mice (see "sxperimental A") showed the
same patiera of labelling.
The first samples, taken Z to 3 hours after injectiocn of
nge, showed the are /5'2_1 to be strongly labelled, see Figure
Bhe %o radiocactivity was detected for any other component,

ﬂZ'I .ﬁz - “a-ﬁ

Qs r
L 14
e
O

Figare 8A Mgure 8B
Autoradiograph of IE pattern of Diagram of autoradiograph of IS
saaple taken within three hours pattern of sample taken 7 days
of injection with “Cre. after injection with e,
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TABL: 7 Incidence of Hallionctive Label on ¥ Components.

Conponent el o850 Cily - C60=70
Heek 01234 0133& C1ee3L O"‘E}h
Hice
101 6( - & & « . * ¢
+ - g e | & - - | - - 4 W= . =
X # 4 a 4 “ +
? ¢ & + & +
ol—qna-i-q:* % - - .
‘> @ v ¥ | * & A
2 $ 5+ % 5 |@ ”
? & & » * & > »
Hab o/ A * & & &
¥ ¢ » B + - - b -4
? $ v 4 = 45 |9 3 4 e A - > 5 - 4
J * b - *> &
$ ¢ ¥+ |# . ¥ s ®
Q9 b ¥ A + ¥ +
ey J SR » + = £
- » & » C I
¥ le 4 28 | L
9 + @ 4 ? + S T
J 2 & w L& o | W - - - - s &
e + ¢ & « | » w PR
f
? 3 > =4 | o - # - b -

éh mice: 3 strains x & sexs & 2 ages & 2 replicates
et 2-3 houre (C)y ¥ weel (1), 2 wocks (2), 3 weeks (3),
and 4 veexs (i after injeetiocn of ““Pe citrate.
¥ young ulce, nndcy 35 nonths old
@ old nlce, over 1 year old
o indlcates {iret muse of palir, lakelled; + socond mouse
- indliecates lost saum)le
and blenk indicotes no cotivitye
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In samples taken 7 days after injeetion three components
were labelled, of, .y, B, ; and B, _; , but not strongly.
"{gure 8i. shows a dlagraa of one of the autoradiographs of a
7 day sample; the autoradlograpghs themselves were tco falnt
to reproduce. In successive samples the same three bands were
labelled. The inteusity of labelling decreased with time
until 1t was t.ob faint for detectiom & wesks after injection.
7he relative intensities of labellin’ of the thre; ares
changed with time: there was sowme variation but the overall
orders of relative intensities were as glven below:

«2aele Zxgatest Jntenslly = Lo = Jowest lotensity
2 to 3 hours Bo1 no others

1 week £ a1 a1 X gm iV

2 weeks B satr Bt X m 1V
Sy P sul Bomi1 Xml

4 " Boa Boeis X1y

P

Cver the whole experiment five bands were observed to be
lsbelled, C43, C48, C50, C64 and C60-70, though radiocactive G4u
was delected in only one sample. After four weeks the
activity was so weak as to be barely detectable.

Iable 7 shows the incldences of the labelled components
in the different samples.
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The very fast uptase of >°re by S5, ;, C46, C50 and Coé
confiraed the identification of these cumponents as transferrine
Haemoglobin (C60-70, B, ;) was not lsbelled two hours after
injection of “Fe, but was by the second sampling a week later.

It 1s scmewhat puzzling that though another compenent,
O(E-IV' was labelled in the IE patterns of most samples afte. a
week, & further labelled DU component, C43, was observed only in
the DE pattern of one sample. X eIy YO8 probably haptoglobin
as reported by Williams anc Wemyss (1261)e It is poscsible
that C43 was haptoglobin but it is difficult tw find an
explanation for its not being detected more readily in LS
patterns.

Several DE couponents stained with ras. In all three
inbred strains a ccmponent very near the origin, probably CleS
and components Cled and C2.5 stalned distinetly. Components
CBiy C60 and C1i0 stalned faintly. Serum from NZB mice showed
faint stalning for ClSe30.

Staining in IS patterns was more difficult to see because
of the background staining of the agar. ilowever, the ares
Hpurrr Samgr and I stained distinctly and another slow S are,
probably either 4, ;i; or (B, ; stained falntly.
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in UE patterns it appeared that CLS tock up the lipid
staine OUn close exauination of the amido-blackestalined
patterns produced using four times the usual amount of serua
and twice the usual pattern length (see page 44) Cles was seen
to be two bands, one intense band and a slower falnter band.
After careful comparison of the lipldestained and FaS-stained
patterns with the amidoeblack stained pattorns il was concluded
that the lipld stain correspondied tc the slower, falnter band
and the PAL staln to the faster more inteuse band.

come 1ipld staln was taken up by CO.O5 and possiltly by
CZ2e50 Haterial in the C40 Lo CO4 reglon also stalned as lipid
but 1t is not known 1f this was asscciated with the protein
component in the regicn (transferrin) or was merely coincident
with 1t.

in I& patterns lipid positive material was only cbserved
in the position of “2—111"
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The DE patterns obtulned from the GF fractions are

shown against their positions in the GF pattern in Figure 9,
‘hese patterns represent Lhe save serum as Flgures li and Je
The three 37 peaks in the elution pattern (see “izure 9) have
fer econvenience been ecallied ™ (umaero), Gfu (Lusuncglobuline
1:G) and GFA (albuain).

The positions in the GF pattern (elution volumes),
estimsated molecular weights and identities of DE and I&
coaponents are jiven in Table 8. The molecular wei:ht raages
¢iven were (eterained by the seatter inm ealibratlon data
(see page icl).

The estimated mclecular weights of albualn und imaunce
zlovulins IgH and IgG lie in the ranges expected froa cumparie
son with the equivalent proteins of other speeies (uchultze
and leremans, 1966). The occurrence of transferring mclecular
welght 67,000 (Watkins et al, 1966) in the same reasonably
narrow {raction range as albuaing ceruloplasain and several
other components indicates that these coaponents can be taken
to have molecular weights rather closer to 70,000 than the
estimated range given in Table 8 indicates.

The relatively high saddle between the peaks UFM and GIG
was appareatly due to the presence between them cof the
components C3 and Cil (08) and the positioning of C38 at the
front of the GIC eake The position of {38 alsc explains,
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in part, the comparatively broaud nature of the GFG peak. It
was apparent that the peak of GFG was almost entirely dominated
by imsunoglobulin 1:G,

lam!

[p]

g
Fractiocn §0-60 of GF pattera
shown with corresponding
whole serum.

cae
G4l

Figure 10 Illlustrating wethod of identifying componeats
(DE) of GF fraction with those of whole patterne
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‘he immuncdlffusion patterus shown in Figures l1li, 1iB
and 11C show rel:tiocnships auong the transferrin components
C46 and G&O, component (38«40 which was thought to contain
haptoglobingy C60 (haemoglobin and ¢ ruloplasain) and haemoglobin
prepared froam erythrocyte lysate. C8l1 was included as part of
an atteapt to find out somethin. of its nature. antiseruam to
whole Y serum was used to develop the patternse

The haemoglobin bands cut from the DE gels were readily
located by their red colour. The other samples for the
patterns shown in Figure liA were located by coamparison with
stained patterns usinyg the haemoglobin at C60 = C70 as a
Gurker. ior the patterns shown in figures 1lB and C the
components were located in the UL gels by densitometry with
light of wavelength 365 a /.

"ige 1dA shows that (38, C46y CS0 and C60 all contained a
common antigen. This cculd be the iamunoglobulin Igé which
was a very broad and diffuse baade Also C38, C46 and C50 all
contained a comson antigen different from the first. C38 also
had a different antigen from either of the former two.

“ige 11E shows an antigen common Lo C60, C46, CH0 and
possibly C38., A different antigen was common to C46 and C&0.
CG0 contained an antigen which the others did not and C38
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contalned two other antigense The haemoglobin preparation
gave very little, or nu, reacticn with the antiserum usede.

1ge 110 shows two faint circles arcund the antiserua
well which might indiecate two weak antigens comaon to all
fractions. However, these were unlikely tov be at siallar
concentrations in the different samples (which would be &
requireament for preeipitin lines to foram a clircle) and were
aore likely to be nonspecific precigitate. Ctihe. vise the
naemoglotin fruction gave no reactlion while the seruam fraction
CS0 showed two different antigens as in 7ige 114 and lit.




The ifammcgiffusion pattern in Figure iZ2 shows that there

was & comson antigen in all fractions.

i CO=H

z 3 i

3 Cizw()
& b

5 g o
6 Sl

flgure 1o

XL and 52 were taken from the reglon of the agare-gel
eleetropheretic pattern of mouse serum indicuted by thelr
NANGS. The 52 saaple was taken at a point clear of
cosponents other than imauno lobulim (IgG).

The line comucn to all frauetions and continucus with the
slangle 53 antigen line indlcates that all fractiocns contained

this antigen.
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Tigures 134, B and ¢ Insunediffusion Patterns chowing
immnological Relationohips Hetweon bE anl IR Componcents
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o overlap
WELL (1.E) with GiG)
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fhe pattorns shown dlagramatlically in Flgures 134, 13
and Ml3C are basieally 1o patitcerns but with the antiserum
trough interrupted and sasples ol Do ccaponents inserted near
L ends and breaks in the trou. he The patterns are shown
diasgrasatically because they were tLuo complex and some of the
lines Lcoo faint to be shown clearly in a pholographe. dinor
arcs have been cuitted.

Figure 1A shows lamunclogical fdentity beteeen componeuts
of D C5=12 and §=-globulin while Figure 13C does so for D&
Cl5=20 and J glowulin. Iigures i34 and 130 confira the
relationship between Di C46 and C60 and Ix f,_,, each of
whieh were ldentified as transferrin.

“lgure 134 shows the lamuwunclogical ideatity of oi C100
and Iz albumine In Figure i3C the are shown on the ancde side
of the UL sample < was probably transferring 1L is possible
that it was the antigen 0411_&,_ but it did not appear tc Join
with the 0(11-2 IL arce
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ihe electrophorctic mobility ol bovine H-globulln
(Cohn fraction II) in agar el was less than that of mouse
3 wzlotulin, The major portion of the LGL was centered
in the sase region as Lhe extreme cathodic end of the mouse
X-globulln. In O& patterns the LuG centre ap.eared to be
right on the origin with the anodic side of the peak spreading
to about the C20 regione

faking the LGS as a marker then, the diffuse us coaponent
of mouse serum in the Cl5-30 repgion was in the position expected
for mouse 3-globulln. This cbservatiocn together with the
diffuse nature of the cocaponent and the lamunclogical evidence
presented avove indleates that the mouse DE coamponent Cl5-30
wos Lasaunoglobuline
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sata frem the ealibratl .m of a cephadex LZ00 coluan

< em x 47 em are ;iven below.

substance “olecular GF fractica
Weight (al from start)

Blue Dextran leos S7=38.5
thyroglobulin (pig) 67x10% 37.5
human 3-;10&;!.111:1 .'LB:J.O" a0
aldolase (rabbit muscle) 1471302105 62
glyceraldehyde=3rP=iehydrogenase .3

(rabbit suscle) d37x10 7
bovine serum albuain 69=70x10° 83
trypsin (bovine panereas) 23800 il4
chyaotrypsin (btovine panecreas) 2:500 i1l
cytoehrome C (horse heart) 2400 liz
transferrin (mouse serua) 66700 850

(see .ppendix 9)

‘he fcllowlin table tased on Lhe abtcove data glves the mole-

cular welght estisates ecrrespomniing to various elution vclumese.

slution voelume “Yolecular delght sstiuate
37«40 al over 500,000
45=48 wml 180, 000=G630, 000
67=58 ml 1309 000=280, 000
6i=62 ml 110, 00=200,000
77-82 wl 504 000=110,000

The moleculur welght estimates ottained !or various Db
and [. components are g ivea in Tatle 8.
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Fage
vomparison of Sera from Young “ice of the
Three otrains by GF. ddy
Coaparison of vera from !dce (ver One Year
Uld of the Three Strains by GF. ic7?
Comparison of Sera from Individual #ib 'iice
of Two Age Groups by uF. 430
comparisoa of sera froam ice of the Three
otrains at Different _ges by Db and ufF. i31
Coaparison of sera froam #dlice of the Inree
Jirains in Two cuccessive «eeks by DE. 140

Comparison of liaesmatoerit Values of .ilce of
the Ihree Strains at Differeant Ages. 143
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TABLE 9. Results of GF Analysis of Sera from Young Mice

(Experiment B1): Peak Heights, OD at 288 m /.

Peak (fraction) GFM GFG GFA
Strain 101 NZB NZY 101 NZB NZY 101 NZB NZY
Fresh
Group Age days T
B 50 .25 .20 .23 .18 .21 .26 54 .56 .59
C L5 12 12 12 JA4 18 A7 SOl LT B8
C 53 19 .22 .16 «16 18 .18 L3 .40 .40
C 60 @il 528 19 A7 A% 8 0 w3 «Le
A 105 .24 .28 63
D 45 S = =
D 53 .16 .19 95
E L5 alp 2l = Bl
E 53 .20 .18 3L
Frozen :
Gp. Age time
days frozen
) days
B 50 15 .28 .20 .26 5 S5 22 Wbl W52 el
_ 21 223 .2 pnee A6 17 .23 Bh 50 350
D L5 19 .18 o 17 .36
53 14 .16 o .36
E L5 14 .16 A7 9D
53 14 .22 .18 40
A 56 135347 19 25 .23 27 25 .24 63 .63 .71
1251 5 24 .25 31 .20 .80 .59
105 5 «29 .28. .58
14 « 31 .28 .56

(Ages are medians, .ranges were one week.)




Table 9 1lists the uF peak heights for sera pooled {roam
the various strain - age groups shoun in Table l. The results
of a preliminary experiment (mcuse=grcoup A in Tables 1 amd 9)
sugrested different effects of freezing on sera from the three
mouse strains. this hypothesis was not, however, suppurted by
the results of subsequent wurk (mouse-group L), but an overall
effect of freezing sera was observed and is described Lelow.

U4 mice in the two groups (L and Cle
Ho statistiecally signirieant (p>0.l) struin eflocts
were cbserved.

de

Caly the mlddle peak, GFG was signiricantly (p<0.01)
afiected by the freezing of the serum. The aean UFG peak helght
for fresh sera was Q.22 OV units and for frozem sera Q.18 CJ
units; a reduction om freezing of 16i.




There were nc overall signilicant (p>0.l1) effects of age
or strain for any of the three G fractions. There appeared to
be a strain by age interaction for the GFM fraction with the
8-9 week c©ld B group having a higher level of the fraction
than any other groupe The interaction could not be tested
in the analysis of variance. However, the probability that
this value belonged to the population to which the other eight
values belonged was only 0.02.

The following table gives the GiM levels for the subgroups.

Strain 01l nAB X
nge

G=7 weeks A2 LJiZ2 Wd2
-8 " «d8 JE2 W16
8«9 " odh 28 L1219

{he mean and standard deviation for all values except
8~9 week old Hil amice were U.l1575 and 0,032 respectively,
glving a Student's t value of Z2.94 with 7 degrees of freedoam
for the difference between this mean ani the valus for 89
week old liiE mice.




Ho signillcant effects of age, group or storage treataueut
were observed for the fractions GFA and GIG, nor WOuSe=group
nor serua-treatuent effects cbserved for G (p>0.2 in all
case@s)e The appareant increase in G with age from Ce.iS2 at
Ce7 weeks L0 00155 at 7=8 weeks might bave been a real effect
tut wvas not signlficant al the 0.l probabllity level.

Cverall the results of this work on the GF analysis of sera
frcm mlco under 3 months of age sho ed that differences between
strains were saall and that there were no overall age effects.
However, it appeared that the levels of the fraction GFH in Hib
aice increased over the age range 6 to D weekse

ostudies on the effects of freeczing sera showed that this
treataent could produce changes in the GF patteras but under the
conditions c¢f the experiment the effects were not counsistente.



iz?

The peak heights in OD units at =83 a/ for the three

peaxs in the elutioca pattern 5™, GFG and GFa are civea in ihe

table belowe

ihe sazme coluan packing was used In all {ractlonations.

Gy GFG GFA
acroglobtulin | lanuncglcbulin JAtaain
zﬁgg{gg 01 HaE LAY | 101 n4B GAY | A0 LAb il
5 ed8 28 0d7 | «1D 20 ed7? | e2Z? &30 ezt
16 el o282 o105 | dlB o2h ol6 |67 2B o8
18§ 0l o4 o186 | olB e24 15 | 42D WP W29
nalysis of variance tables
GFi GG GFA
source df] “8 F s 3 P MS F
Zotal 8
sge 2 p000744 2085 o5 [s000IZ8 Zehl o285 (000153 <o oS
-y L —-e d
SErain @ 0004544 1741 04 [006540 13042 o001 |e000433 £e0 O
neslde 4 [«000261 « 000063 « 0000665




Figure 14.
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2cm LIGHTPATH

0.D. AT 288 muU

GEL FILTRATION PATTERNS OF MoOUSE SERA

SHOWING THE DIFFERENCES BETWEEN THE STRAINS 101, NZB anp NZY
SERA POOLED FROM Os + Qs 18% MONTHS oLD (EXPERIMENT B2)
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40 50 60 70 80 90 100
VoLuME FELuTED, ml.

gcl



a9

“gans for the usin effects for each penk are cuntained
in the table below.

peak .ge nonths Stralin
1o is i3 104 H&B  HZY |overgll S

G0 ol edT7 o207 |«1B7 o837 .16 435 « 06
GFG eE33 o el od83 &85 e 46 el UG

GFA 03  S#2TT &2 0277 &2 0 i3 PRLeN « U082

iLffects of ageegro.p were not siznificant (p>0.1).

Thore was a sirain effect on the GFY fraction (p =Ue01)
due to higher levels in sera from 540 mice than in sera f{row
101 and H4Y mices There was a more marked siraln effect on
the GFG fraction (p®0.001) again due to higher lovels in [io
mice than in 10l and iY mice.

Ho effects of strain were observed for the GFA fraction
(p>0e2)e

“he GF patterns froa Lhe 1o-l19 month old groupy, in Figure
ey 1lilustrate the straln effects.



vnly the GFY and Gf'u peaks of the paltern were aeasured.
ihe following tables ;lve the mean peak heights in units of

0D at 288 a/l for the age by sex subclasses.

Aze in weoks i4 to i =9 to 27
Gl peak wexX 2Ge OF mice lJigan | 0. Of wmice liean
jale 7 DS B¢ Uew?
female 3 Vo7 5 Qe 74

uia peak dale 3 Cecc 3 De&8
fenale 3 Oe 452 S D256

analysis of variance did not show eficcts of agey sex or
age by sex interaction for the ufd peak to be sijnificant (p>.:).
or the UG peuk the effects of sex and sex by age interaction
werc not significant (p>.1) but tne effeet of age was hi;hly
signirieant (p<.004).

she analysis of variance tables are glven Lelow:

source df | wmean square F P

F  age i O 1043 1. 05 > Oec
sex 4 0.0000 14 =i Z Qe
{8x X age i 000042 <i > Qe
Residual | 14 00044

GFG  age i 0.0 id 45452 < 0e00L

sex b | 0e 0062 S.28 > Ued
UeX X Age : 000008 “ed7 Z0ed
desidua 10 0000454

(Corrections were made to mean squares f{or bias due to unequal
subeclass nuabers using the wethod given by snedecor and
coehiran (1967).)



‘he results of GF analyses of pooled sera froa wlce of tne
three stralns aged from 3 to Z8 wmonths are given in the
followin: table. The figures are peak helghts of the three

GF pesks in units of 00 at 288 a/d.

A8 e (P8 2L
aonths | (Macroglobulin |(maunoglovulin) (albuain)
101 B HaY 01 HLD X 0} LB NJY
S edf ez 48 030 28D @ChS | «BD JD &7
Ly edB o2 o158 | 2058 425 22 0275 o35 o 27
7 edB SZcD odBO| L4 28 22 el7 wlh o8
Tl «dB S2d5 <18 023 o205 » 195 o8 o8B
9 o 45 - e PR - .di ANy - % 5
i1 - o3l - - - - - oS4 -
e ¥y 4 «d? - PN o0 L o « 26 - 30
o TS) « 125 PREP

‘he regression of each .esk on age froum 3 to 17 months
was tested {or each straln. There was founxi to be a significant
(p <0.025) inecrcase with age in the level of the G fraction
of il serume. The estimated regression ccefficieat was
00436 0L unlits of peak helght per wonthy corresponding to an
increase from 0,2 at 3 months to Oe.3< al i3 weonths. lione of
the other regressions were significant (p>0e.1).

analysis of variance for overall sirailn ani age effecects

shuwed highly signilicant strain dirferences (p< .04) for the
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TABLE 10. Strain Means and Age Meéns for GF Fractions.
(Experiment BlL)
GROUP MEANS
Means GFM GFG GFA
101 0.180 0.231 0.28
NZB 0.250 0.265 0.281
NZY 0.188 0.218 0.256
3 0.187 0.277 0.282
L=5 @12 0.225 0.28
7 0.197 0.247 0.248
7-8 0.192 0.23 0.255
9-11 0.223 0.23 0.275
12-13 0.267 0.22 0.295
ANALYSES OF VARIANCE
GFM GFG GFA
Source |[df MS F P MS F o) MS F P
Age Gp| 5(.00349 6.13 .01-[.00131 3.30 .1-1.000962 2.98 .1-
.005 .05 .05
Strain| 2(.00877 15.38 .005(.00350 8.80 .01-].00121 3.75 .05
.005
Resid. [10 |.000570 .000398 .000323
' SD 024 0199 .018
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GFH and GFG peaks with the mean levels of both these [ractions
bigher in 74D mice than in the other two strulns. The wean
level of UFA in i4Y amlce was significantly (p=e0G) less than
in the other tw straius. Uverall age effects were alsco
oveervads The age elffect on G was aost significant (p <e01)
with the levels for amlce over 9 months old being higher than
those of younger nicee

The age ei'feet oo Fay, significant only at the provabllity
level p<QOely appeared to le due Yo a fall Trom 3 months to a
minima at 7 months Jollowed by a rise. The age dlflerences
for GFS (p< Del) did mot fit any obvious pattern. Hegressions
o age of the MM wean over all three sirains did not prove

Biéﬂificwt (p > wddw

The analysis of variance tsbles and standard deviaticus
for the three peaks are ygiven ln Table 10 together with the

group means.
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Data obtained by L& for 19 serum protein components was
analysed according toc the model given in “Lxperimental 0%,

Tables il and 12 zive the overall means and estimates of
paraseters due to effects of siraln, age and strain by age inter-
action for males and for feuales respectively. The paramecter
estimates glven are deviatlions from the mean due to the
partienlar effects, as given in the model in “ixperimental o".
‘he units are peak heights for stained bands in optical density
units x 100 Listimates for effects statistieally significant
at varlicus probabllity levels are underlined as indlcated.
sotes at the right haad side of the table suasarize the
significant effects. snalysis of variance tables for this data
are given in ippendices 10 and ile

Jex differences, overall and within strains, significant
at the probability O.1 are given in Table 13 together with the
corresyonding values of Student's "t™ (for 97 degress of freedon).
The figures glven are the overall means and deviations of the
sale mean from the overall or straln means as the cuse way Lee
The deviations for females were the negative of the amale {igures
and the sex difference was therefore double the deviation for
malese The units are the sawe as in Tables 1l and I12.

The resalts of this experiment showed uajor effects for
several componentse
CleS levels in HAL sera were double those in 101 sera and




de5 times those in 14X sera. An inercase in .l.0 with age for
fesales and for 940 and LY aalesy aboul i.25 fola from 4 to 2
wonths, was also obsorveds

Cioe30 levels im N4L sera we.o double those in 104 sera
and led times those in LAY serae

G35 levels in males were about le5 times thcese in fewales,
and were higher in H4Y males than in 101 and 40 males. The
amcunt of this coamponent in the sara of aales lncreased froam
4 to 1z montns of age by a factor of atout leibe

C50 was present in seora {roa aales al about l.4 tises its
level in feaxale sera. The eifect was less proncunced in 4o
alce because the levels in 720 sales were lower than in 101 and
nZY males, Lut thore were no sirain differences in the females.

€100, altumin, levels were atout l.05 times higher in
fesales than in males and for Loth sexes were a little lower
in aice © months ©ld ani over than in younger mice.

€110y prealbuain, levels in sera from males were sbout d.7
times its levels in sera {rom females. Yor both sexes levels
in N3 mice were about 1l.25 those for 101 alce. The sex effect
was rather less for HiD ulce bLecause of lower levels in the
males of this strain than in the males of lhe other two sirains.
An increase with age in males was also noted.

A further sex diflerence observed frum this experiment
was in the residual variances after fitting age, straln and
age by strain interactiocn effects (sce Appendices 10 and 1i)e
For 17 of the 19 components the residual variacces for wales were
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about double tlose for females. The exceytions were CO.5 for
which the residual variauces were equal and €338 for which the
feasale figure exceeded the male. An analysis of varliance
was earried out on these residuals accordin: to the model:

Bij;/ﬂ*‘:’i*cj"u

where .')“ is the residual variance for the ith sex and
Jih component,
M 1s the overall mean
5y is the effect of the ith sex,
CJ is the effect of the jth component and
'U is the residual assuwmed normally distributed
with Ty = Qe
As a result the sex di ference in the residuul variances was
found to be highly significant cverall, p <.005.




The t tests listed in this table were made assuming
that the residual variacces for males and feamales
were equal, For many of the components this was
probably not 80 (p 161) so that the valiues
calculated do not follow the t distribution.
However, an approximate test made as described

by Snedecor £ Cochran (1968) gives the sase

probability ranges as listed inm this table.



TABLE 11.
ESTIMATES OF PARAMETERS FOR 101, WIS | M7Y AT & AGES HALE
STRAIN AGE (MONT4S) 1 STREAIN X AGE

J _ . NIn _ : 1 ney :
ARAND MEAN 101 NZB NZY] 3-S5 -8 9, 11~13] 2-5 - 8 11-12 3=5 7-R 9 11-13 -5  7-4 i 'I"':'l.
CC.5 122.3] 2.2 6.9 -9.1| z3.2.-12.9 9,2 o) -8B g5 7.4 1.?5 =2,58 17,3 =6.0 -h.T; P T s TN
Cl.5 97.3|=23.9 35,5 ~11.6| 1.5 -l.& 12,4 -12,5| 18,9 -10.7 3.0 -9,2i-18,3 18.0 Q@ -3.5) ~3.4 7,3 -1.3 12.7|NZB HIGH.
c2.5 122.8|] -2.6 7.2 =4.6 o 25 ¥ Ge3 -lgli 8.5 -7 [ -l?.ﬂi-l?.ﬁ 3.3 7 9.0 gD =2.6 =5.0 3. 5
c3 26.8) 23 Ll M42] M1 12 -2 il 4.7 & -tes =27} e300 a8 LAl -7 -n2 L0 L
c8 26,7 3.8 5.6 ~1.0| =a3 2.6 E.A 4.l B2 -pp- sy o gl akig B lah 5,98 —Duf _ Bod .7 1 Al
c11 46.0| =74 S.7 1.7]| Z3.5 =3.0 6.0 sl 10,5 -1,2 1.7 -ii.0! -3.9 8 kot okl 5ok Wi 2.8 3.4
C15-30 | 369 =8uD - Nlab =2xf] 1.2 -1.0 ¥.d -2.0] 5.3 3.3 9 2.8 -a.6 2.8 - 2.0] - o5 =5  .8]n2s
c25 232.6| 29,8 12,5 =2.8| -7 1.1 -.9 S| 48 -2.7 2.0 -4-15 el -6  FF Af -35 4.3 2.7 3.9 N2e
€30 o] i b -3 1.¢ 2 L2 wal BS5.=1D.3 - 7.0 -.ai ~Te? 249 —6,8 9,88 2.6 T4 -3a7 -8.81ace
c35 29.9] =6.0 10,7 -4.8| .» -2.9 2.8 -.6] 5.3 -1.& -1.6 -2.55 olls ol 4| .2 2.2 zoo 2.1 Nze
c3e 16,00 2:D <1322 1.2l —a.d cxa-v &.a gl A .5 F.g -w.ai .2 _&uq —ig o 7.3{-11Ln =hal Ta8 TZadl nzv
C46 104.3] _320 =827 HaZ| -2.6 -5.3 6.6 1.3 5.0 1.2 =5 -5.74 2.0 2.8 -4 3.4§ 3.0 ~4.0 4.7 2.3|wzs
cso 67.5 -5 gl .5 -4 37 L2| s 2.3 2.8 1.2 -7 -6 2ee —.qi 1.9 2.8 =& -.3]n28
CS4 ool e -1 2ol -8 @ L3 ~e3) 17 ~ha -®2 4.95 s L -4.s§ ~2 3.9 A =N
C60 M —HT 652 “2.5] -8 22 =zl 1.F] 82 <=if .5 -3.1} —5.6 =4.T 3.4 6.9§ ~2.6 8.4 1.1 -3.
c70 12.2] 1.7 -ks  =.3| 7 -3 6 -.1| 2.3 -1.2 -1e3 -.8f 109 .5 .S BRCY 0 TR, T St 1 (PP
c8l 2. 70 =58 150  ded] 20 4 B =Tl L <207 2.3 -1.3§ <8 B0 -8 .eé -3l ue L2 .5
C1o0 241.0] “Red -.B 3.1 Bal 5.3 =9.8 =47 1-10s86 _ G2 —2:9 '41?,5 =G6.6 =8,]1 12.6 -,3E 16,7 la9 _=9,7 —Ha41 (Ow
cilo | 71,0 _ba3 =21.4 18,9] 6.7 =5.7 8.6 3.8f 26,7 4,7 4.0 —zﬁg: a sgae 2okl 1A ogeg - 3.8 gal yay

{BAND = COMPONENT) PARAMETER ESTIMATES SIGNIFICANT AT THE 9PROBABILITY LEVEL 0.1, 0.05., 0.0, 0.001

UNDERL IMEDQ THOS

— | —

101 AND NZY HiGH AT 9 MONTHS AND OVER.

INCREASE FROM &

'MHIGH AT 9 MONTHS.
|

COMMENTS ON SIGNIFICANT

HIGH, 101 LOW.

HIGH: 101 10OW.

NZ8 ANQ NZy INCREASE &

TO 9 MONTHS LOWER AT

EFFECTS .

TO 9 MONTHS.

12 MONTHS.

EFFECTS TRREGULAR AND DIFFERENI FOR ALL STRAINS.

HIGH.
HIGH, NZ8 LOW.
LOW.

LOwW.

HIGH AT 4 MONTHS.

9 MONTHS AND OVERYy

HiGH, N28 LOW.

INCREASE WITH AGE,

EFFECT GREATEST FOR NZY.
101 AND NZY INCREASED WITH AGE,

NZB LITTLE AGE FFFECT.

101 HIGH AT 4 MONTHS AND LOw AT 12 MONTHS.

MORE FOR NZY AND DELAYED FOR NZ8.

NZB LID NOTY.
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TARLE tZ2.
ESTIMATES OF PARAMEYERS FOR 101, NZR ANN NIY AT & AGES FEMALE
STRAIN ' AGE [MONTHS] STRAIN X AGE *
INAR: MZA NZY
BAND MEAN 101 NZB NZY 3=5 7=8 9 11-13 3=5 T=5 9 11-13 3=5 =8 2 131=13 =5 7=8 2 11-13
1
€o0.5 116.6 2+4 Te8 -10.3] =40 <~1.7 5.1 iy =3 8 1.8 =~9.8 11.5} 1.0 9.2 ~4.7 =5.,5! 2.5 -11.0 4.5 ~4.0
' !
)
C1-5 99.6 qag:a q‘ﬂ:& -lala "'M {f_.i LI‘E‘ -'u ?-5 7.? 2-7 -12¢3f _9.7 3'3 2!8 3.51 7.2 ‘11-0 “‘3.5 gol"
4 |
2.5 119.6) 2.7 9.3 -12.0| zBa9 622 12,1 -948| ~2,5 1429 103 -13.7{ 201 10,0 2.8 14,91 6.6 4,8 lo5 =la2
!
c3 %.0] -1.3 1.5 -.2f-2.6 1.3 .9 4| =4 5.6 2.7 7.8 1.4 =1,2 =%5 3,31 =1,0 -~4,4 9 Al
i 1
cs 27.8( 2.3 3.0 -5.3] 2S5 2.0 6.6 )| a3 1.0 5,3 -Aebf 2,2 -3.3 -2, ?,75 1:9 243 -3:0 =1.2
[}
ci1 2.0 1 e -7.5|=9a8 1.2 B 2| =g 6.9 397 —1s.3) o200 -84 -2.6 11,01 2.4 1.8 -B.7 &3
! i
C15-30 32!5 M? :m _4Il__ __é____ 5.2 -'d -.? 9.1 1.2 _3.1i -2|7 -404 1-3 5-8: 2.8 2-4 _205 _Z.T‘
l l
c25 32.9| 1.4 11.1 =3,8| -1.3 -9 1.5 b e 2+3 pid =l O __du3 =358 =35 S5eb! =la.b le2 3.2
| |
C30 "5.7 -5 -3-'0 2.5 ‘Z.I‘ _3.9 é.? Ii Lﬂ -%l‘J :}-E _T.S: -3.1 L._'E _511 IME EIQ qu' -l_#
v 1 i
I 1
C35 30.7 -4-6 ?_._1 -m Hg """:l"_ﬁ M "m '3"1! I Tt’? -E'Ti If'Illﬂ "='f'l' =t 3;85 "LI—“ + & 3
C38 ‘0‘908 b4.4 -4.9 05 1010 -6.3 5.1 -2 -401 -6ol 5.2 Qag: Ge & 1-0 -1i05 iozi _603 9.1 5«3
) i
C46 109.1| -.4 =6.7 7.2| -.9 -3.8 1.2 3.4| =7a8 5.3 —.4 z,ﬂ'l 10:5 =38 ~7.8 _1.2! - - g
| )
CSO 50.2 -3.1 3-5 -y 217 -BQI --S 1.‘ -2.-3 5.6 taé _‘tq: é-s —6o5 -2'8 la: "4-2 -lll 1-2
I ] )
cse | 2601|253 a9 2] zla0 c2.6 203 Jad| el la2 et 3051 308 claf o6 2020 odg5 ab 2.
]
C6° 3065 :ﬁ.g "2..? g_d 2-9 -7'2 5-1 _-T 102 4.6 "1.9 “3.91 H1ea3 .9 _9-6 ‘,.l‘i -515 -505 11-6 "-5
[ i {
C70 I 13.0 _iq -Iq m ‘303 01 01 1-0 ¢3 --1 _-2 GOOE 000 "‘100 «8 IZ! -03 101 -6 . _'?-
Cel 23-7 _ICO 1.1 —Il IZ _-8 -.8 }.." "-2 07 13 -'HE -3 —2Q0 0.0 1'81 ‘-1 10‘0 —'3 -1-0
: ]
€100 222.5| 2.6 -4.2 1.5| 8s7 5.4 -7.3 -a.g|l -7.6 s.8 -9.3 1.1 8.0 -11,5 17,0 -.5! }2.6 5.8 -T7.7 -10.5
. < :
c1io | 40.8] =2.9 -5.5 g.4] -2.1 = S, % ol ~4.46 1,7 5.2 220 _dal Lol 6.9 LBl .2 oI _Jal c2a1f
J i
IBANO = COMPONENT) PARAMETER ESTIMATES SICNIFICANT AT THE PRDRABILITY LEVEL @€.1, 0.05; 0.0]1, 9.001

UNOERLINED THUS
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COMMENTS ON SIGNIFICANT EFFECTS

NZB HIGH. 101 LOW. INCREASE 4 TO 9 MONTHS, LOWER AT 12 MONTHS.

INCREASE FROM 4 TD 9 MONTHS, LOWER AT 12 MONTHS.

AGE EFFECTS IRREGULAR AND OIFFERENT FOR EACH STRAIN.

}iNCREASE WITH AGE 4 TO 9 MONTHS, GREATER INCREASE FOR 10l. LOw FOR 12 MONTH 101.

NZ8 HIGHs 101 LOW. IrMCREASE FROM 4 TO 9 MONTHS.

NZ8 HIGH, 101 LOw. NZB LEVEL SLIGHTLY HIGHER AT 12 MONTHS.

HIGHER AT 9 MONTHS. AT 12 MONTHS 101 tOW AND NIZIB HIGH.

NZ8 HIGH. AT 9 MONTHS 101 H1GH., NI8 LOW.

AGE EFFECTS IRREGULAR AND DIFFERENT FOR EACH STRAIN.

101 LOW AND NZY HIGH. AGE EFFECTS IRREGULAR AND DIFFERENT FOR EACH STRAIN.

NZY RIGH.

SMALL STRAIN EFFECT,

NZv LCOW 9 MONTHS AND OVER. HIGH IN 101 AT 7 MONTHS ANO NZB8 AT 9 MONTHS.

HIGH IN NZY. AGE EFFECTS JRREGULAR AND DIFFERENT FOR EACH STRAIN,
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TABLE 13. Significant Sex Effects (Experiment B4).

Comp- |Overall Overall 101 NZB NZY
onent Mean [|dev.o* t |[dev.o® t |dev.Oo" t dev.ov t
C0.5 120.5 | 3.7 2.26| - - - - - -
C2.5 121.4 = = s - = S 5.2 1.78
c8 27.3 - = {=3.6 3.55] = - = -
c11 Ui.0o | 2.0 2.28| - - - - 6.6 3.99
C15=-30| 34.3 | 1.8 2.53| - - = — 3.2 22
C30 43,3 |-2.4 2.96(-3.0 2.33| - - |-5.2  3.31
Cc38 6360 {132 10.59]{12:0 5.941 9.0 4.06|18.5 Swild
cL6 106.7 |-2.4 2.23 S = =3.4 gixelil - =
C50 589 | @57 BroZiides - 65591 Lnly  PrZ2id0ks  [lino3
' C5L 279 | 1.8 _ PBeshi] a3 - 369351 = - = -
JC6O 3.2 - - - - 4.9 1.78 - -
c81 23.7 = = - S —i. 0 1.85 - -
c100 | 216.8 |-5.8  4.97|-8.3  4.50[-3.9 1.93|-5.0 2.24
C110 55.8 |15.2 17.24]18.9 13,51| 7.3 L 701 A0S I35

Effects significant at

Student's t values are

Deviations of the male

probability level
underlined thus

the

0.1, 0.05, 0.01, 0.001

for 97 degrees of freedom.

means (dev. o) from the overall and

strain means are given only for effects significant at

the 0.1 probability level.

(Deviations of female means are the negative of the male

deviations.)




This experiment wus a split-plot design (the model 1is
2lven 1in ".xperlsental 5") inccrporating the coapurison
vetween sera taken from anaesthetized amd from conscious amice

(see results in sectiova on investigation of llethods).

Table 14 gives the overall means and deviations from the
geans due to the effects of mouse type and 'weeks' for 17 b
coaponents. The classification mouse - type (headed “ulce"
in Table 14) was not subdlvided in the analysis of varlances
the major sources of varlation within the class can be seen
bty coaparison of the parameter estimates.

fhe units used in tho tablc are OU units x 100 as for
Tables 11, 12 ami 13, see page like

.stimutes of parasetoers corresgonding to stutistically
significant (p<0.l) effects are underlined as indicated and
prominent effects within the class "mice" are susmarized on

the right hand side of the table.

As can be seen in Table 14 the levels of 12 of the 17
components were significantly (p<0.d) differeat between weeks.
The levels of albuamin, the three transferrin componentes and O3
were higher in the second week while the levels of the other
7 components were higher in the first week, for most of the
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iz coamponents the week difforences we:re about 1OF but were
about 205 for C2.5 and Cll.

ajor effects of mcuse - type were much the same as
observed in the ,revious experiment (E4).

CleS levels were high in Hib mice, low in 10l mice and
higher in old Hi. and J4iY mlee than in younger N4 and HiY alce.
¢15=30 levels were twice as high in il aice as in 101

mice, with levels in HJIY mice bLetween the twu.

Components (38, C50 and Cll0 were all at much higher levels
in males than in females with the differences rather less for
ldl: mice than for the other two str:ins.

There was no significant (p>.l) effect of mouse type on
albumin but the estimated parameters show lower levels for
males than for females especlally for NiB mice, Just as was

found in the previous experiment.
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EFFECTS OF STRAIMN, AGE AND SEX, ANN MEEX
ESTIMATES DF PARAMETERS (DEVIATIONS FROM DVERALL MEAN) CO4MENTS ON SEGNIFICANT EFFECTS.
MICE WEEKS 1
10 '] N78 > 'l' MZY
gLn 1 YOUNG oLpD 1 YOUNG l‘ri' I YOUNG
B AND MEAN T S A F LN E -y N I F M_1_F [ M i E 187 2 D)
€o.5 107.1 ol 15.6 -40) -12,1: 18.4 11,6 2.4 =8,0: 1.4 =3.4 =19,2 ~14;§] ~--4 *“| N28 HIGH, N2Y LOA. OLD HIGHMER THAN YOUNG EXCEPT 101 AND N2ZB MALES.
: '
- - -7 —ihatst 41, 63, 2 21,0{ =2.4 Pafs =~10,71 —18 5.4 =5.4 : ,
€1.5 92.41-2243 =294% -29,6 -36,0, 51,0 63,1 22, Le E L ] NZ8 HIGHs 1Ol LOW. NZR AND N2Y, OLD MIGHER THAN YOUNG.
Ce.5 11831 20 220 2.7 ‘°°3§ 2.0 19,8 _l.7 —T.fL .7 1.8 0.1 —lfaZ) 10.2 10a2] NZB HMIGH. NZ8 ANO N2ZY. DLD HIGHER THAN YOUNG.
] i
-3 24.2| chal —lad 2.5 3,94 5.0 2.6 .7 —l.8) 2.7 Te2 1.8 a2 Zle3 123 | NZB AND NZY, OLD HIGHER THAN YOUNG.
ca 23.1|-10.5 6.5 -5.1 -8.8f 11,8 16,3 5,0 _=.8! 8.8 2.2 a5 -a7| 1.2 -1,3
= 3 . _ [l NZ3 HIGH. WNZ8 ANO NZY, OLD HIGHER THAN YOUNG.
Cll 37.7 -Lu —h-"i L-a -Iﬂaﬂl Eﬂ-{} 1_5-—5 11"5 -bllL 1?-" ""]'H -5.3 —Q‘d k) -3 i
| i
€15-30 30.7}=12s) =120 ~4,5 '11.'?;r 20.6 23, 10.8 1.'-'.; =:3v =3.1 5.4 =5 0 lel =—1:11 nN28 HIGH, tOl LDW.
- 2 : .
630 611102 o6 2,3 =5.31 11.86 11.2 5.7 -S.A4 -6.7 4.6 2103 1.2] 2.3 =Z.3| gip N23 MICE HIGH. NZY AND OLD 10l FEMALES HIGHER THAN DTHER FEMALES.
(38 66.9] LSs6 =10,0 19.3_;;?.1J —1.9 —24,3 22,1 —R.OL 31,7 —f.05 1%.7 "16.8) Ze8 _—Z.%| MALES MIGM, FEMALES LOW. OLD NZ8 MALES LOW AND COLO NZY MALES HIGH.
]
C4b 106.8] 2l =3.8 3.5 -.5}-10.6 7.2 =8,7 3.0, . Ja.4 2f a3 Z2-0 222 ]| NIB FEMALES HIGHSR THAN MALES.
! :
€50 S8.2| ba8 6.0 5.4 =2.7) 11.7 =5.3 4,8 2.4% V4.1 11,9 1.2 -8.1] =4.1 4.1| maLES HIGHER THAN FEMALES EXCEPT YOUNG NZB MICE.
L ]
E5% 262 mat 2.3 el =5,7% 6.3 -5,7 =2,9 -.6i 5.3 3,8 =2.4 G.4) 1.6 1.5| mALES HIGHER THAN FEMALES EXCEPT YUUNG NZB AND re2Y MICE.
] ]
cén 30.3| =Te3 =4.,9 -3.8 ~6.§_: 28,5 =3,2 =6,2 5431 11,3 =3,3 =10,0 le 7] -1.6 le5] HIGH IN OLO N2B AND N2Y MALES.
] I
c70 11.7] -.6 -3.5 -.5 -8l =3.0 =l.2 t.1 0.0} B.3 Q@ =2,0 .4 B -5
(]
(] (4
(o:3] 24.3)| =2,.1 0.0 1,2 .GE -1.1 2.3 1.5 '-’."'!E o5 =elh =28 =]1,0 - +“| 0LD N23 FEMALLES HIGHER THAN MALES.
EIGO 20':'05 . 3 "'30":' 3-4 4.1E—{‘0-§ 6-5 Io‘ﬁ" 10“i "4- o —:I 5.5 =11 ® 1 ] OLD Nza FE”A’.ES HlG%R THA“ ”ALES-
. (] - ’| ...... r = ¥ Bl - : il - L ¥ - i = I - Iy
ci1o 57.7] 15:3 -11. 17,0 1,..?; 10,7 -1s,9 10, 77.'5£ 33, s s al 1. 190 LALES HIGHER THAN FEMALES., NZY WIGH. N2Y, OLD HIGHER THAM YOUNG.
oLD GVER 9MONTHS PARAMETER ESTTIMATES SIGNTFICAMT AT THF
YOUNG (INDER 6MONTHS PROHABILITY LEVEL 0.1, 0405, 0.0%, 0.001
M  MALE INDERL TNED  THUS
F FEMALE (BAMD = COHPONENT)
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The blood samples for this investigation were taken
coneurrently with the samples used in rxperiment bée

The analysis of variance of the packed cell volume (:CV)
data, carrled out according to the model given in "uxperimental B,
showed that the only inte.action significant at the 0.06
probability level was utrain x Agee. The mean sguares due to
the other interactions, sex x Strainy sge x lex and sex x itrain
x Agey were not significantly different froam the residual aean
squarey each giving respectively F ratios of les7 (2 df),
Zelé (3 df) and 199 (6 df). iecause of this these latter
interaction terus were deleted from the model so that thsir amean
squares were pooled with the residual mean square.

The overall mean rCV was 44.082/ . The following table
glves the estimates of deviatiocms from the mean due to sex,
strain, age and strain by age interaction effects.

ige in months  3=5 7-8 9 1i=1?
“train 0e78  0e87 wled2  le32
101 489 @le36 0,76  0.01 211
HAB =558 0ed3 320 «=l.76 =2.87
BZY 0,68 0:93 w2kl L7 0,76
Sex: male =0,55 female 0,56




Analysis of varlance

source defe | Yl@an Lguare F

HeX i 38e 5 2eB4 Qel>p>0,05
ige 3 4702 3.72 0406 >p>0s01
Strain & dicl.81 5,76 0.001>p

Age x Strain 6 5682 hed® 0.001>p
Reslidual 109 12,63

The most important effects were those of strain and
strzin by age interaction. The mean value for A4b aice was
3BeLp OV coampared to 49.0% for 10.i mice and 44.8% for [i4Y aice.
The PCV for Nib mlce was higher for the 7 to 8 sonth age=-group,
4le 7k and deeclined to 36.7% for the 1l to 17 month age=group.
The highest value for an X423 group, the 7 to 8 month age=group,
was less than for any 101 or HiY age=groupe



All three strains 101, 342 and 14iY had the same transferrin
phenotype with respeet to electrophor tic mobility. The i01
strain has been shown tc have the transferrin type B (ashton
and Braden, 196l1). Comparison with the patterns for sera froa
Cba uicey which have the A type transferrin, of faster mobllity
than the B type, (Shreffler, 1960, Cochen, 1960 and Aston aad
sraden, 1961) confirmed that ¥4B and 3.Y strain mice had B type
transferrin in comwon with 101 strain mices The F; hybrids
between NJIY and HiE mice had the same, B type, tramsferrin.

- ki

The haemoglouin of IOl strain mice has been shown to be
di‘fuse (D) type and that of C57 straln mice to be single (3)
type (ropp et al,i958), see "Heview".

Compariscn of the Dii patterns showed HiE strain mice to
have a diffuse hacaoglobin pattern similar to that of 101 mice,
the D type, while haemoglobin from HZY mice gave a sharp
single zone the same as C67 strain mice, the 5 type.

rlhybrm betwveen 10l and NZ5 amice gave the D type
haemoglobin pattern. B2Y - NZB P, hybrids gave a patteran
which though basically diffuse appesred to be a cross between
the two parental patterns.

#1ithin each strain or cross all the alce tested, see
"gxperimental™, gave the saue patterne




DE anki Ik components present in the J o fractions are
glven in Table 8.

cxperiments bl, L3 and bé showed that the lavels of UF4
in .ib mice increased with age froem about 6 weeks to 12 months.
In mice aged 6 weaks nu between strain difrerenees in uf
levels were observed, but at two montias the levels in . . al-e
were double the 6 week levels a:d neurly diuble those of o wonth
ol 101 and H4Y alce (uxperiment id)e Fruas 3 to A2 moutns of
age the rate of lancrease in the UPFM levels of ML mlce was muen
less, the totil increase over the usriod being about l.O tiues
(regression significan’, ;<0.0u:5). There was nu ccrres vnde
ing significant increase in the MY levels of 101 and .Y aice
over the age range 3 to 12 munths (g for regression >>0..5 for
t:oth stroins) (cxperimeat :4)e In axperiment 2 no age -
group diflerences were observed over the range 1S to 15 wmonths.

~fter 2 months of age the GFM levels in Hib alce were 0%
tc 30 higher than those of 101 and [/4Y amlce. 28 expected froa
the above the stralnm differences increused fr.m 3 to I wmoaths
of age, Lut the relative levels for the strains appeared to be
the saune for alce aged froam 15 to I8 aunths as for 12 month old
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mice.
sxperisent b3 showed that among individual (45 mice there
was a large variation in GFM levels, ean 026, 5D 00064e
These results are sumaarized diagrasatieally io Figure 1S5.

In Experiments 52 and L4 the GFG levels in sera from alce
over 3 months of age were 20i to 30s higher for the iib strain
than for the 10l and H4Y strains. Experiment il showed no
strain differences for aice between 6 weeks and 2 months old.
In Experiment i3 the GfG lsvels in sera {rom © wonth old Ndib
mice were found to be 304 higher than in sera from 3 to 4 month
old mice. apart (rum this no consistent age eflects were
observed for any of the threec strains. (iee Figure lo).

SfA Fragtion

This fraction,consisting mainly of albumin and transferrin,
varied very little with age or between stralns. The total
range of its variations between strains and age groups was only
10 of the mean. licwever, a ssall ainimum at 7 tc 8 acaths
of age was ocbserved f{or all three¢ strains with the level at
this age being about 1) below the levels at 3 and at i2 months
of age (sxperiment 54)e
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The vertical scale of levels of the {ractions is not given
becanioe it was diflerent (or the dAifferent coluaons used in the
foupr oxperiaents. Leovels vere not, therefore direstly,
compareble botucen expeorincnta.



$0e5 stalmed bLoth with rAS and less intensely, with tudan
black suggesting both earbohydrate (glycoprotein) and lipid
(lipoprotein). It oceurred in the U¥¥ fraction inaicating
1 molecular welght in the range over 500,000.

In both zxperiments L4 and BS age-group effects were
observed. The levels of CU.5 observed in 101 and #ZY mice over
2 months old were about le2 iimes the levels in mice under
8 amonths old. Little variation with age was ouserved for
dd: micee

Ldes This btand was seen tc be two cumponents woen the amount
of serum used was increased (frcam 5 M1 to 20 A1) and the
algration distance doubled (Us). 1he slower band, which was
by far less intense as proteln, stained with & .dan black u and
was possibly the lipoprotein found in IE, 0(2__{“. The promin-
ent band was rAd positive and was, therefore, probably glycoprotein.

In D& patterns of the usual length the two cumponents at
this site were not resclved. In amido bLlack stalned patterns
only the rAS positive component need be considered because it
was so ameh more intense than the lipoprotein that contributions
of the latter to the total peak height would have been
negligible,

CleS was present in the GF fraction GFM indicaling a
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molecular weight over 500,000.
variocus observations were coapativle with the ldeatity of
CleS belng ifumunc-maeroglobulin, 1M (16 A, . ;)e These were
(1) wcleeular weight (human g l;)6, tchultze and i.e.emans,
4066).

(11) PrAS positive (human IgM contains 10. carbohydrate,
.eimultze and Heresans, 1966).

(111) 1Igd (f,_; ;) was found, by I&, to occur in the uFi
fraction with CleSe

(lv) a component from the region of the origia in DE patteras
had lmsunological identity with mouse {eglotulin.

In both wxperiments 54 and LS large strain differeances iu
the levels of Cled were observed. The levels in sera froam il
alce were about twice these in sera {rca 10l mice und iS5 times
those in sera froa NiY alice.

Y#riatium in Cle5 levels between age groups were also
notede In both experiments the levels in H.l and .Y aice
apyeared to increase with age by a factor of about l.c5 over
the period 4 toc 9 months of agee. The increases were less
pronounced in 101 mice. The 101 females fcllowed a similar
pattern of age effects tc those of Hib and i.Y mice, but in
Experiment 4, the 10l males in the 4 month age group had
relatively high levels of Cl.5 whereas in the other age groups
they showed much the sane levels as the females.

In Experiment B4 all strain - sex groups showed a drop in
CleS levels from the 9 month to the 12 month agee-group.
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CZe5 was found to be Xemacro-glycoprotein, Ii component

o, prv ©0 the following evidence:

(1) both &, ,, and CZe5 were prominent components and
occurred in the same UF fractions, in the CFM peak,
indicating a molecular weight over 500,000,

(11) both .11 @nd C3.5 stained with rAS as glycoprotein;
X, 1 Was the only xeglycoprotein found in I: patterns.
Experiments b4 nd bSO showed small effects of age-group

on CZeH levels, at least in Hib and RZY mice. In sxperiaent

ii4 there was an increase by a factor of about l.li to l.Z over
all 3 strains from 4 to © months with a fall of about the same
amount from 9 to 12 months. In dxperiment 55 the levels in
4P and RAY mice over 9 months cold were l.l to l.2 times the
levels in under 6 months old mice of Lhe same strains.

& was a minor band barely resolved from C2.5. It was found
in the GF pattern belween GFM and GFG, which position corresp-
onded to a wolecular weight in the range 180,000 to 630,000.

It wvas not ideuatirfled.

The band was so0 close to C2.5 that densitometric measure-
sents on it probably reflected variations in CZ.5 as much as
they did variations in C3 itself., In any case no variations
in C3 intelligible in terms of sex, age or strain effects
were observed.
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$8 and Cll were in fairly close association. One of them,
probably Clli the more proalnent of the two, occurred im the
same GF fractions as C3 indicating a molecular weight in the
same range, 180,000 to 630,000.

In DB patterns of plasma from citrated blood the concen=
tration of protein in this reglon (C8ell) was higher than in
Serudie +n increase was also noted on storage of s-rum either
at 4°C or frozen at -10°C,

ieither ccaponent was identified nor its cocunterpart
located in the Ia pattern, The results of Experiments L4 and
B5 suggest a sex difference in Cl. for iiY mice over 7 moanths
old; the levels in males were about le4 times the levels in
females.

It appeared that the levels of both components increase
with age by a factor of about le3 from 4 to 9 months, with
strain-age interactlions largely due to lowered levels in I2
month old 10l mice and high levels in the 101 males of the
4 month age=-group (Sxperiment B4). These observations were
supported by the resulis of sxperiment 85 as far as would be
expected from the different structures of the age-groups in
the two experimentse

Cig=30 was a very diffuse band identified as immunoglobulin

IgGy and probably some of the lower molecular weight Igi, by

the fellowing propertiesj

(1) its general appearance resesbled that of Lamunoglobulin
in the DE patterns of human sera, (Clarke, 1964),
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beth in position and diffuse nature.

(1) 1t occurred in the same LF fractions as the § are of
Iey in the GFG peak, corresponding Lo a molecular
welght between 110,000 and 200,000,

(111) 1its =mobility in DE was rather faste:r than that of a
comsercial preparation of bovine J-globulin (Cohn
fraction II), The same relationship was cbserved
between the mobilities of the commercial bovine J -globue
1lin and mouse J-globulin in agare-gel electrophoresise

(iv) it stained with raS as glycoprctein as did the ) are
in Ik, lieither gave a strong reaction with PaAS.

(v) material from this reglon of the DE pattern had iLamunoe
logiecal identity with mouse Jeglobulin prepared by
agare-gel electrophoresis,

ioth Experiments 54 and B5 showed there to be a strong
effect of strain om Cl5-30 (IgG)e In both experiments the
levels in N.ib mice were about 2 tises those in 101 mice and the
levels in RZY umice were about l.J times those in 101 mice.

Age=group effects were also observed in both experimeats
but differed in both degree and direction botween the two

experiments. One consistent point that emerged was that I[.C

levels in Nib females increased by 105 or more between the ages

of 3 and O months, A swall effect of sex was also observedj;
the levels in males were 10} higher than in femalese.
Igs was the most promineat component of the GF fraction

GFGe The observed variations in the latter could be explained

almost entirely in terms of variations observed in Igé (Cl5=30).
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££8 was the most proainent ef the sharp bands superiamposed
on the ClbH=30 reglione. It was noted that this band was less
intense in D patterns of plasma from both citrated and
hepariniged blood, Ihis observation suggests association of
the component with the blood clotting mechanisa, but it was
not otherwise i1dentified.

secause of 1ts superpusition in the Igi reglon the larger
variations in IgG showed also for C26: the measurcaent taken
for C25 was the total OD at that point. Thus, the sase eflects

of strain were observed as for IgG.

30 was not identified. in the sirains 101 and H4Y its levels
in males were about 0.8 of the levels in females (Experimeat

b4 and bS)e wirain x age-zroup interaction effects were also
observed (ixperiment b4) but were complex and did not suggest

anythiag of particular biologleal significance.

£33 was not identifled. Strain and age-group effects noted
were not seen to it any obvicus blclogical pattern.

C38 was ldentified as the I& component %, OB the following

evidence:

(1) both €38 and o,_; were located in the same fractions of
the GF pattern, at the high molecular weight end of the
GFG peak indlecating a molecular weight in the range
130,000 to 280,000.
X,.p and O, ;; were close Lo each other in the I8
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pattern, 80 that when either was present alone it was
difficult to tell which it wase This diificully was
resolved when it was found that “a-li was tAS positive.
o,y did not stain with ra3, nor did C38, showing that
(38 was o _, rather than X, _, e

(11) sex differences for (338 outlined below were also
observed (visually) for o__. in L& patteras.

+ striking sex diflerence was cbserved for C38 (Experimeants
b4 and B5)e The levels in males were about 1.5 times the
levels in females. It appeared that the sex difference was
greater in the H4Y strain (males 1.7 times females) than in the
104 and 4B strains (males l.4 times females).

There was a general increase in the levels in aales of all
strains, with age: the levels at 9 and 12 wsonths were about
l.25 times those at 4 and 7 months. The age increase wus
greatest in N4Y males and appeared delayed to after 9 months
in 4B sales (axperiment i4)e The levels in NiB males,
including all ages, were about 0.8 of the levels in .10l wmales,
and the levels in 5iY males were about l.l1 tises the levels in
101 males, but these differences were due almcst entirely to
greater strain differences in males over the age cf 9 months
(ixperiments 4 and BS5). Also, the greater sex difference in
the NZY strain was due to higher levels in males of that strain.

£43 was tentatively ldentified as haptoglobin on the following
evidencet

(L) it was found to have percxidase activity.
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(11) 1t was seldom observed in high enough concentration to
be measured. Williaus and Weayss (i961), reported
{inding only very low levels of haptoglobin in healthy
sice (see weview).

(111) 1ts moleccular weight was estimated to be betwesn 110,000
and 2004000 lluman haptogloiin has a molecular welight
of 100,000 (.chultze and deresans, 4i96G)e

fhe 16 are “z-xv was found Lo have peroxidase activitye.

This was also reported by #illiass and «euyss (i96l1) who

supplied evidence tihwt this component bound haescglobin and was

therefore haptogloblin.
in the jnp-yivo exper .ment with radio-active iron the label

(595'0) was deltected on o__., at the saze time as on haemoglobin

(/82-11)' within a week of injecticn. iowever, 95e label was

detected on C43 only in one sauple, from an old 04D male 1 week

after injectione

S40s 00 and £046 2 were all ldentified as components of transe
ferrin by their binding of 595 and their peroxidase activitye.

The I& component ’62.-1 was identified as transferrin by Clausen
gt al (1960); in the present work it was shown to bind iron,
both in yitre and in vivo, but it was nol found to have pere
oxidase activitye Iasuncdiffusion studies showed material from
the C46 - C54 region of the D8 pattern to be antigenically
related to S _re

All fractions, C46, C50 and C54y and F,_r, occurred in the
GFA fraction in GF patternse The molecular weight of mouse
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transferrin was estimated by #atkins gt gl (1966) as 664700
Ihis data was used in calibration of Sephadex cclumns,
The eflects of strain, sex and age differed for the three
Dis components of transferrin and are cutlined for each bLelow.

£48 The levels of this component in males were a little lower
than in females (by a factor of about 0.96)e ‘The difference
appeared to be more proncunced in the HiB straln Lecause the
levels in HiB males were rather lower than in 10l and N4Y males.
(Lxperiments 54 and BS).

an effect of the method of blood sampling was also noted
for C48, 1Its ccancenirations in the sera of blood taken {roam
conscious mice were about 1.07 times its concentrations in
samples obtained from mice anaesthetized with ether.

£50 was marked by a large sex effect, copposite tc that

observed for C46. The levels in males were aboul l.4 tises

the levels in femalese The difference was less for the Nib
strain than for the 101 and HZY strains, partly because there

was little sex difference in the young mice (under about 6 months)
of this strain and partly beeause the levels in i males were
lower than those in 101 and NZY males (Experiments B4 and L5).

£o4 The levels of this component also appeared to have been
a little higher in males than in females (by a lfactor of about
lelS5)e This, however, could have been due to swamping of this
ssall peak by the closely adjacent Co0. A strain difference
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was also observed, with the levels in HiY mice about 1.3
times those in 101 mice.

€60 This position was found to .be ceccupied by ceruloplasain,
and when present haemoglovin. Ilmmunodiifusion studies showed
there to be at least two antigens at the site besides haemoglo-
bine Une of these two antigens was ceruloplasaln the second
was also found in the transferrin regione.

igemoglobin was recoguized by its red colour and by its
peroxidase activity. In Ii, haemoglocln, the 4, ., arc, was
recognized as such only by its peroxidase activity and the
correspondence of its nob:l.i:l.ty to that of free haemcglobine
wWilllams and Jeayss (1961) reported this component as haewoe
globin on similar evidence.

Ceruloplasain was identified by its oxidase activity
(p=phenylenediamine (ypd), a reaction sald to be specific for
ceruloplasmin (Cass-fortsak, 1965)) and by stalning with Fas
(husan ceruloplasmin has 8) carbohydrate (Schultze and Heresans,
1966) e  The ppi-oxldase aetivity was shown for the are f,_;
in I ideantitfying this also as ceruloplasaine The ppde-cxidase
method gave no reaction with DE patterns of haemoglobin
prepared from erythrocyte lysate. ;

Most of the cbserved variations in the C60 measurements
were due to haemoglotiny the result of haemolysis during
preparation of sera. Lecause of this the: weasurcments are
of little value except perhaps as a rough gulde to erythrocyte
fragility. «ith this in aind it was noted that the C60 levels
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in mice over 9 months old were higher for 4B and J2Y amice
than for 104 aice and high r for iib males than for Nib females
(kxperiments ié4 and £ES5)e

£70 and Csl  possibly currespond to the posteslbuain coaponents
found in starch gel electrophcresis patterns by Cons and Glass
(i963) and :antelouris and Arnason (1967). Leyond this neither
was {dentifieds (81 levels were found to be lafluenced by the
sethod of blood samplinge. Its concentratlons in samples taken
from consclous mlce were about l.z times those in samples taken
from mice anamesthetized with ether. The dif lerence appeared to
be greater with no pretreatuent than when mice had been bled

(by either method) the previocus weeke

€100 was ifdentified as albuain by its high concentration and
its woblilitye Its f{munclogical ideantity with the albumin are
of IE was demonstrated by iamuncdiffusion. It was the dcalnant
companent of the GF fraetion G/A; which shows 1ts molecular
weight was in the range 50,00 to 110,000,

In both Lxperiments i4 and BS females had 1.00 times the
albumin levels of males, though in Experiment U5 the effect
was not found to be statistically significant.

Age-group effects within strains were observed in Lzperiment
L4e HMales and females within each strain showed the same
patterns. lHowever, data from Experiment BS did not confira
the age-group effects observed in dxperiment 4.
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110 prealbusin, was almost certainly the sex dependeat
preaibumin found in starchegel electrophoresis jatterns (Rilmke
and Thung, 1984 and Heuter and nennes, 19668). It was found
in the same G7 fractions as albumin (GFA) indicating that its
molecular weight was in the range 50,000 to 110,000.

The levels of Cl.i0 in males were, overall, l.7 times those
in females. In both males ami females the levels in 1iY mice
were about 1.25 times the levels in 101 mices The sex differ-
ence was less in the [ib stralm mainly because the levels in
Hib males were lower than in 101 and NIY males; levels in Hib
#ales were about 0.65 of those in 101 malese The levels in
Rib females were the same as in 10.L females. 4Also the levels
in 101 and 'iY males increased with age Ly a faetor of about 1.2
over the pericd 4 months to 9 and 12 months, Ho age changes
were observed for females or for Nib males (Experiments B4 and
B5)e The pattern for HiIB aales was thus the same as for NZY
females, higher than 101 and NIl females, lower than 101 and
HZY wales and with no age changes.
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In kxperlaent 5 seven components were ouserved to be
about 10s lower in the second week than in the first. Four
other components, C3, two transferrin components (C46 and C50)
and albuzsing were about 10i higher In the second week than in
the first. The results obtained for eight 3 month ¢ld 10l aice
in Lxperiment L4 showed variations of similar degree. Iowever,
five of the seven components which were lower the second week in
bxpcriment D5 were higher the second week in the latter group of
mice. Againg transferrin (C50 and C54) and albumin changed in
the op.osite direction to the other ccamponents being lower the
second week than in the first ian the ocxperiment L4 101 mice.

The observed sex differcnces in the residual variances in
sxperiment 4 were overall highly significant (p<0.,005). For
most components the variances for sales were about double, or
@orey those for females. There were two exceptions, C0.S5 where
the variances were the same and C38 for wilch the fewmale
variance was nearly twice that for malese.




v assatology

racked cell volumes were measured mainly as a check on
tne haemolytlic anaemia in 3k mice. Oirect antiglobin,or
Coaab's, tests on erytlhrocytaes were carried cut for the samne
reason.  soth sets of measurements were msde in the course of
Lxperiment r4e The results were in general agreement with
those of the many workers who have studied the Y4b haemolytic
anaeuia in detail (me "deview').

£CY  ho sex differences were detected. Values four H.B and 1Y
mice were about 0.8 and 0.9 respectively those for 10l aice.

At 2 to 12 months of age the values for liiB mice fell a 1litile
furthier telow those for 10l and NZY amice. The lowest rCV
values observed, 10, to 30., were for iil mice.

Rirect .utizlobin (Coomb's) [ests Uf 128 alce tested 36 were
4L strain and of these ten were positive and two dcubtfule
The remainder were 10l and N4Y mice and of these one NiY acuse
was positive and a second (ii.Y) doubtful,
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The three methods ¢f serum analysis used, gel flltraticn,
disc electrophoresis and iamunocelectrophoresis, were choseu
for several reasons:

(1) they separated proteins under relatively mild chemlcal
conditions,

(11) the three methods were complementary im thut, GF separated
cumponents according to molecular size, DE according to soth
molecular size and electrophoretic mcbility and Ik according
to electrophor«tic wobllity and fmamunological pruperties,

(111) DE and GF gave quantitative results with respect to the
amounts of coapornents present, and o and 1L gave high resolu-
ticn with respect to the nuabers of components separated.

il FLLZ GaT IO

This techmnique was highly reproducible for any one coluan.
packinge. ‘eak heights, indicating the relative amounts of
the protein fracticns, were reproducible within the accuracy
with which samples were applied (=2%) and peak positions were
reproducible within the accuracy with which fractions were
collected (1 ml = 0,03 aml).

Attempts made to pack columns having ideatical character-
istics fallede The G200 grade of Sephadex was difficult to
pack satisfactorily and proved virtually impossible to pack
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reproducibly. 48 a result different columns gave different
resclution so that results obtalned were not directly coamparable
between columnse

The three peaks of GF patterns were measured in terus of
thelr heights, in units of optical absorbtisn at a wavelength
of 88 m e There was no streong argument for measuring the
areas under the .eaks because, as a result of the GF patiern
being formed from a spectrum of components, the peaks were not
clearly separuted.

nesults have been Jresented in optical density units
because there was little advantage in arbltary convessicn to
equivalent protein concentrations for aixtures of components
with differeant extinetion coefficlients.

This technique has a much higher resclution than GFj
twenty bands were obtained for mouse serum by DE compared with
the three peaks obtained by GF.

Ihe reproducibility of UE was not as good as that of GF
(being within = 107 of band intensities for most components
(fesults "lnvestigation of Methods")) but this disadvantage
was more than offsel by the facility of DE which allowed the
analysis of up to sixteen samples a day.

DE componeats vere measured in teras of peak heights froa
densitometric scanning of the stalned patterns. Thus, the
quantity measured was the optical densily maximum for the amido
black dye bound by the particular component. Freak heights




wvere used because these cculd be measured more accurately
than areas. This was due tc two factors, (1) some of the
peaks overlapped so that thelr boundaries were not clear and
(1i) the widths of the peaks could not be measured with
sufficient accuracy on the densitometer tracings (figured.
ihe relationsiiiys belween peak heights and amounts of protein
were ciuecked for several protelns ("Investigation of Methods")
and these were not found to deviate sufficleatly from lineare
ity to cause concera. liowevery, it 1s probable that for some of
the sharper bands, near the origin, the peak height versus
concentration relationship was not linear. This would have
been due to the relatively slow-resyonse detector being unable
to keep pace with the rapid change in signzl resulting from the
relatively high scananing speed of the instrument, with the
result that differences in peak helghts recorded for these
coaponents were less than their conceatration diflerences.

ihe correctiocns made to peak heights tec allow for
differences in DE pattern lengths were nct perfect, but appeared
to be adequate. The variatiocns for whieh corrections were made
amounted to a range im peak heights of about 15. of the ameans,
80 that even a relatively large error in the ccrrection would
not have amcunted to a very large error in the corrected values.
An additional factor was that the differeunt pattern lengths
were randoaly assoclated with the varicus classes of mice being
compared. In Experiment 55 the pattern length effects were
completely randoaized in that mice of different classes were
allotted randoaly to D& runs. In bzperiment D4, although sera



167

from each strain - age subgroup were analysed in one DE run,
giving one pattern-length group, the effects of any pattera
length differences remaining after correction were largely
balanced after the pooling of differeat age-group data for
statistical analysis.

Iy although it has high semsitivity and resclution, is not
a quantitative technique; however, it does allow gross varia=-
tions in concentrations of components to be noted.

In the present work Ii was used for sereening for qualit-
ative differences in patterns and in conjunction with GF and
Ui in ldentifieation and characterization of componentse.



Two components only were found toc be affected by the
method of blood sampling, C4G, the main transferrin couponeat,
and C81, a post albumin component.

The effect cn C46 was relatively straightforvarde In
both weeks its levels were about 10 higher in sera from
conscious mice than in sera from anaesthetized mice. The effect
on C8l, however, appeared only to have occurred to any extent
in the first week; again the levels in sera froa conscious
mice were higher, by about l.2 fold, than in sera from
anaesthetized alce.

The actual cause of the effects was not clear, It is
pussible that the differences were due Lo the eflects of greater
shock in consclous mices It is also possible that anasesthesia
wvas responsible either as a pharmsacologic effect of ether or as
a physiological couse uence of amesthesia.

The faet that these effects were cbserved indicates the
need for caution in coaparing results of analyses of sera
collected in different wayse In the present work all were
eollected under ether anaestiesia.



Il SEATIGRICAL ANALYSIS

It wvas not knowun how closely error distributions for data
collected in the present work approximated to normal. rlots
of raw data froa :xperisent LS showed symmelriecal distributions
for most components, The two major transferrin coamponents
were exce;tiomal in that their distributions were skewed, but
wvere symmetrical after logarithmic transformation. Analyses of
variance carried out on botih the transformed and untransiorsed
data showed little difference in F tests. ochefié (1959) has
shoyn that non-normulity has little effect on infereaces about
meansy so that interpretaticns of the results of the preseat
work are unlikely tc have been biased by the assuamption of
norsalitye.

Seheff{é has also shown that inferences about means are
1little affected by imequality of variances if subelass nuabers
are equal, tut are affected if subclass mumbers are not equal,
Inequalities in residual variances between males and fomales
(sales greater than femules) were observed in sxperiment L4 and
probably hold for the rest of the data. Experiment o4 had
unequal subeclass nuabers but the gaalyses of variance were
performed separately for males and females and in sSxperiment £S5
vhere the data for males and females we. e analysed together the
subelass nuabers were equale Thus, inegqualities in variances
are unlikely to have caused auisinterpretation of results.

In this study a nusber of statistical tests were made
80 that there was a possibility of incurring some errors of
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both the "first" and "second” kinds. The aaln inte:est of
the work was in the larger and wmcre consistent variations
which were indlecated by high F ratios (correspomiing to p
values of less than about 0.005). The saaller and less
conslstent varlaticns were not iguored unless the correspondlng
p vulues were greater than Oede

In some cases it was difficult to arrive it sensible
vioclozical interpretations for varlations whieh gave relatively
low p values. [t wouls have been unrealistic to try to
interpret such variaticans withcut fmther work espyecially as in
some cases they might have been due to the chances of sanpling
rather than Lo real effeects. UOf the varlations which were
srobably (p szall) due to real effects only those which fitied
reasonably elear blclogleal patterns have been given much
consideration 1n the discussiocne This kini of approach has
beea advoeated by vkellam (1969).
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DLCUSSION OF Rksulls

I Gel FLLATION AALISIS

The three major peaks of the gel filtration pattern are
each made up of several different components that can be
resclved by DE (Figure 9) and by Ii, wantitative variations
in the GF peaks could have been due tc variations im any or in
all of their components. The resolution of DE is much greater
than that of GF glving more than 19 bands. For this reason
interpretations of strain and age effects on the fractions GFY
and GFG have been left for the discussion on individual (D&)

ecomponentse.

In .xperiment Bl it was observed that freezlng of serus
samples produced a 165 drup in the GFG peak. It is possible
that this drop was due to aggregation of lmmunoglobuling to
forwu high molecular welght cosmplexes which were eluted ahead
of the GFG peak. I(luman I immunoglobulin is known to
aggregate on freezing and thawing (llansson, 1963). lowever,
scluble aggregates bigger than diamer or trimer would have been
eluted in the GMM fraction and thus increased the GFiM peak
heighte Such an increase though noted for the oceasional
sanple wvas not observed consistently. There appear to be two
likely explanations for this; firstly, the aggregatiom could
have proceeded to form precipitates and, secondly, if
aggregation produced predoalnantly dimers and trimers these



i7e

would have been eluted between the GFM and FU peaks and
a0t contributed significantly to the height of either,
The first explanation is more likely because there did not
appear Lo be any raising of the UFM to GFG "saddle" when the
wfu peak was reduced.

It wust alsc be noted trhal the olfect was not observed
in 3ll cases when sera were frozen. The effect was significant
(p<0s01) in Part £ of :xperiment Z1 but was not significant in
sart 4e

Strain and age effects cbserved for the GF and GFG peaks
arc dlscussed under components Cl.o and Clo=30 respectively
in the next section.

The significance of the samall ainimum in the GFA peak
height at the age seven to eight months cannot be interprcted
siaply in teras of one component. lesults of J& analyses
(Ifacles 14 and i2) shoved that variations in neither albuain,
which 1s by far the dominant component of GFfa, nor transferrin,
the next most proainent component, could have been the direct
cause of this aulniaum, The effeet was probably the sum of
variations in the levels of several components in the fraction.
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Findings on the components are discussed in the order
in vhich they occur in D&, starting from the corigine

£0.0 was a macroglobullin but wus not further identifled;

nor was its counterpurt in the IL pattern located. Stalning
with both rAs and CJudan black suggested the presence of both
glycoprotein and lipoprotein in this positicn, but it was not
certain whether these represented one ccaponent or more than onee.

The apparent increase in this ccmponeat with age for the
strains 101 and 14Y was probably a true age effeet rather than
a "mouse-group” effect; it was observed im both the independent
Experiments B4 and U6, It is of possible significance that
the effect was not cbserved asong Hib mice; however, the overall
biological significance of these observations is cbscure.

If future work were t¢ show both the raAS pesitive material
and lipid (Sudan black positive) to be contained in the one
protein ccaponent it might prove worthwhile investigating the
relutionshipy  of this material to the human high deasity lipo-
protein (iiDiw); the latter has a molecular weight of 500,000
and contalns l.5s carbohydrate (Schultze and Heresans, 1966).

Clefi The lipoprotein found in this positicn of the DE pattera
was a ainor component compared to the glycoproteln and would
not have cuntributed significantly to the cbserved variations
in the inteasity of protein staining at Cl.5.
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The evidence given in the “Summary of Hesults" for
fdentifying Cl.5 as Izd was not conelusive. It eculd Just as
readily ve applied to the other macro=glycoprotein Ci.d if the
relative intensities of PAG staining and the relative amobilities
of Cl.& and €2,5 were nol considerede <CZ.5, the faster
component stained more intensely with FPAS than did CleSe The
only component in the IE pattern to stain strongly with rfiS was
the o =macro=glycoprotelin, “a-z 19 of considerably greater
mubllity than Igd ( B,_;,,); #AS staining vas observed also in
the S, region of the I& pattera but was very faint. The overall
evidence, then, leads to the conclusion that Cie5 is «, ., amd
therefore that Ci.5 is Igd (,33_“1).

The identity of ClS as IgH is further confirmed by the
similarity between the strain and age effects observed in the
present work for Cl.S and thoge observed for Igf Ly <arner and
dlstar (1968). In WZB mice the Ci.5 ievels as measured by peak
heights in densitoameter tracings were twice as high as in 0L
micees These differences were probabiy less than the concentrae-
tion differences they represent because of the noan-linear
response of the densitometer to these very sharp bands
("Discussion of ‘fethods™). warner and <istar found the IzH
concentrations in sera from 5.0 aice to be 5 to 8 times those
in sera froa seven other strains of alces Unfortunutely a
direct comparison cannot be made with the present work because
the seven strains exaained by wWurner und Jistar did not include
401 or HZX¥. In addition Warner and Wistar found a 5 to-8
fold increase in the IgHt levels of .ib amice over the age range
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d month to 9 months. The finding in Sxperiment B4 of an
increase in the CleS levels of il mice over the age range
3 to O months 1s in agreezmeut with this observation. Consistent
age increases were not ouserved for 10l and 5HIY micee. LExperiment
L4 also indicated lower Cl.S levels in year old 1ZP mice than
in 9 month old H4b wmices Warner and Wi.star did not give data
on Ig4 levels in mice at different ages, other than ({5, nor
doas their data include IgH levels for mice over 2 months of age.

From the above it would a.pear that the Igi (Cle5) levels
of HiL mice are higher than those of other intred strains.
This wi ht be attriiutable to the autoizune conditicns cbserved
in 4D micey butl when it is considered that the .1is antie
eryturccyte antibodles (#arser and <istar 1968) and the antie
auclear factor (orins and liolmes 1964) have both been found to
be predominantly Igs lamuncglobuling the comneetion is not
obviouse It seems more rational to attribute both the auto=
imsunity and the elevated Igi levels to a comaon underlying

CalS0e

The increase 1n Cl.5 in 548 amice over the age range 3 to
9 months parallelled the rise over this same age range (the
same samples) in the levels of the GF fraction GFM. The other
sacroglovulin ccaponents, Cl.S and CZe5 did not show a similar
rises The parallel does noty however, hold to older groups
of NiL uicey the GFY levels continued to increase while the
Cles levels felle This was due to two factors: firstly, the
Ulel levels increased from the 9 month age group to the year
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old group (NiL aice); secondly, the GF measuresents did not
include the 2 month old NiB groupe

o8 The lcentification of thils component as the X—macro=
¢lyeoprotein «__., of i patterns has been considered in the
previcus sectlion,"Cle5%.

Ihe small effect of age-group on the levels of this
coaponent, an increase over the age range 4 tc 9 months, was.
probably due to age rathe:r than to "group" considering that
the effects cbserved in both nxperiments 4 and BS were similar,
in the absence of further data, however, the blologigal
significance of these age effects is cbscure,

&3 +«s mentioned previocusly this minor band was barely
resclved from Cie.b and no strain, sex or age effects were
observed for 1ite It was not identified furt:er than as belng
a macroglobuline

£8 and Cl)l were close together in the v pattern and showed
slallar variaticns with sex, strain and age. It appears

likely that these two components are closely related. It is
even possible that they are different forms of the same aaterial
in slov equilibrium. aMMm;Mndmstn
rise to the splitting of bands in zone separation experimeunts
(lehenzie, 1967). The appearance of the two bands favours

this argusent. Cll appeared relatively sharp while C8 was
diffuse, merging into Cil., &uch a pattcrn would be expected
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if C8 were a form of Cll relatively unstable under the
conditions of DE and slowly converted to Cll as separation
proceedede

Clowmi) was found to be Igu immsunoglobuline. some lower
molecular weight Ig: famnoglobulin was probably present in
the same reglon of the D& patterne Igié (Cl5-30) was the chief
component of the GFU {raction and the larger variations in I;G
would therefore be expected tc be reflected in variations in
GFGe There is support for this hypcthesis in the parallel
straln difflerences observed in Cl5-30 and GFG; higher lsvels
in 548 mice than In 101 and H.Y mice. It seans then,
reascnable to suggest that the inecrease in GFU levels in HiB
mice between the ages of 3 and 6 asonths was due mainly to a
corresponding increase in Ig0. Guch an increase in Igé was
ovserved by wWarner and Wistar (1968). They found the levels
of IgG imsunoglobulins to be 1.6 times higher in 4 month old
NZ5 mice than in 2 month old 4D mice.

The data of “arner and #lstar (1)68) show the levels of
IgG in §Z5 mice 4 to 9 months old to be about double those of
HiCy Niddy BALB/e and RIIL/J mice, similar to or slightly
higher than those of Ci/J and DBA/2 mice and about half those
of C3l.8u/MZ micey all in the 4 tc © months age range. The
results of the present work appear to agree with these findings
80 far as comparisons can be made. Varner and Wistar indicated
that the C3ii.5W aice were a highepathogen line and were theree-
fore expected to have elevated levels of ifimmuncglobulins.
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Their data do not suggest that the IygG levels ouserved in
adult HiB mice were abnormally highe iowever, the observe
ation by iast gt al (1967) of "normal” levels of I;u and Ig*
in germ free (4B mice suggests abnormal activily ian their
fiamune systess. This suggestion is supported by high levels
of Ig¥ in mice of this strain.

The cause of hizh activity of the imusune systea im 4D
mice is a matter for speculation. Two reasonable explanations
are apparente [irstly, a disorder «f lamune tissue could be
responsible for the production of high levels of a range of
ismmsuncglobulins in the absence of antigenic stimulation, in a
sanner similar to the way ayelowmas produce high levels of cne
ty.e of lLamuncglobuline. Secondly, there could be present in
iui. mice some form of antigenle stimulatlon, such as might bLe
caused by the observed virus (.jellors and Luang, 1966 and 1967,
zast gt al, 1967, and Yellors et al, 1969) which 1s appareantly
transferred via the gera cells or placenta (dast gt gl, 1967).
there is some Su port for the former hygothesis in the relative-
ly high incidence (Howle and Helyer, 1968) of lyaphoprolilerative
discrders observed in il mice. This indicates apparent
predisposition of the strain to the type of disorder suggested.
The second hypothesis is supported by the (inding of aatigea
of wviral origin in 448 mice over theage of about 3 monthis,
followed at a later age, about 10 months, by the appearance
of free circulating antibodies to this antigen (“ellors, acki
and 'mebner, 1969). A third, and, in the light of the availe
able evidence, more probable, alternative is a ccabination of
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the above two hypotheses, A discorder or peculiarity of the
fiznmne system coculd be the cause of hypersensitivity to any
antigens prese:t, as su. gested by East gt gl (1965), ineluding
those of internal, e.ge viral, origin, or else the virus could
be the cause of the postulated immuncloglical disorder.

shatever the cause of the high levels of fmmuno:lobtulins
in L2: alcey both the inerease in Igé levels at the age of
about three months and the steady increase 1n Igh up to the age
of at least 9 months appear to be of signilicance. The 1:G
levels of young His mice as indicated by GFG levels were not
found tc be different frcm those of 101 and HIY mice. Fahey
and iath (1964) found that in mice adult levels of IzG were
reached by the age of two toc three moanthse It is not certain
whether the rise in IgG levels in #ib mice at this age, above
those of 10l and NZY aice,was due (0 a continuation of the
Juvenile rise or was due to some other cause. It might or
might nol be only coincidental that at about 3 months of age
the first signs of antiserythrocyte antibodies anda alsc the
virus-induce, "Gross type®, antigen were found to appear in
{2 alce (“ellors gt al, 1989).

Further studies omn this problea would perhaps best be
carried cut working with gera-free NiB mice, as exemplified
by the work of East gt al (1967).

E2S This component was found to vary in prominence betwean
serum and plasma samples prepared from the same blood and is,
therefore, possibly invelved in bLlood eclottinge Its supere
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position on the Cl5«30 reglon meant that varlations in C25
were mus<ed by variations in Cl5=-30, and consejuently no sex,
strain or age effects were observed for Cz25 itself.

€30 and ¢35 elther was ijentifled and in the absence of
further information the observed sex, straln and age=group
effeets do not suggest anything of particular biologieal
significance for either ecomponent.

£38 was ldentified with the X . coaponent in IE patterns.
Cf the various effects observed for this ccaponent the wost
strikin; was that of sexe. The levels in wmales were l.+ to
l.7 times higher than in females, the difference beilng greatest
in NZY mice and least in HiB mice. «8 mentioned earller, the
strain effect appears to have been confined to the males.

An o -gomponent found at higher levels in males than in
females was observed in starch gel electrophoretic patterns of
mouse sera by three groups of workers (Uons and Glass, 1963,
Espincsa gt aly 1964 and santelouris and Arnason, A367).

This was almost certainly the same component as C38. The
apparent discrepancy between the mobility of the o weomponent

in stareh gel and the mobility of C38 im 744 polyaerylaside

gel is explained by the differeat solecular sieving properties
of the two medla. In starch gel the o =componeat preceded
transferrin ani in polyacrylamide gel which has greater molecul.r
sieving power than starch gel (Schultze and Heremans, li966)
transferrin preceded the higher molecular wveipght C38.
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The two dimensional electrophoretic patterns (staurch el
by agar gel) of wspinosa gt al (1964) showed the sex-depeandent
X =component in a position in staren gel electrophoresis
corres ondin; to the sex=dependent couaponeant "3 of Cons and
slass und to the sex-de.sndentl component "/ 14" of rantelouris
and raasobe Its position in agar el electro,norctic patierns
of wsylnosa gf al corresponded to thit of ol in I. patterase.
vons und uluss (1963) found taal althuuch the levels of
coaponeat "G" were lower in non-oestr.ous feaales than in males,
tiie levels at oestrus were ccuparable to those in mulese. In
the present work, although no note wus taken ol cestrus, it was
founi (uxperiment b4) tnat for fesales the resldual varlanece
in C38 after allowing for strain - uge ef ects was greater than
for males (2l and 146 respectively, Appenulces 40 and 44).
For all but one of the other couponents the variuances for asales
were about double those for feaiales, A reasomablc explanation
for tie higher varlance for femanles in this case could be
ef ects cf cestrus as reported by Cons and ulusse The addiite
ional vurlance could be accounted for ty «O» of the feaales
(1 day oestrus in a 4 to L day cycle (Bronson, Dagg and onell,
13966)) having levels (of C38) about equivalent to those of males.
rantelouris and srnason (i967) reported that injections of
stilboestrol diproplonate "ralsed the inteansity of [ractica
M 14 in the female to a level above that of the typlcal male”.
It would be of considerable interest to investigate this
protein coamponeant further with regard to the observed sex effect
and its cause (see under "Cl10"),
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S43 The ianfrequent detection of this componecnt in saaples
ives some support tc 1ts tentative ildentiiication as hagtce
globin (I& component 2_11,). 'ne main evidence for this
fuentification was the observed perovxidase activity of C43.
(Figure S5A). liowever, if this identificaticn 1s correct it
is @ifficult to understand why “JFe was not detected in this
pesition in more than one sample in the 59?@ tracing experlament.
wabelled haptogloblin, X, _1ye was detected In the IE patterns
of most samples in this experiment. It is possilile that the
label on C4&3 was present, but toc weak for deteection; the
labelling of mest components beyond the Lirst week after
injection of ““Fe was fainte 4 second possibility is that the
radlcaetivity of C43 was scmelimes obscursd by coverlap with the
labelled transferrin band, C4Ge.

w4 U0 and Co4 The peroxidase actlivity of these, the
transferrin components, preseated a prolblem at one stage of the
present worke although all showed peroxidase activity in D&
patterns, no peroxidase activity was detected 1n Io patterns
for the ,52_.1 arc which Clausen gt gl (1960) had dewons.rated
tc be traasferrin by 1ts iron binding activitye.

Three possibles explanations were evident;
(1) the I& arc identified in the present work as A __; for
mouse strains 101, Hib and NZY was not transferrin,
(11) mouse transferrin did not have perczidase activity, and
C46y CGO and CO4 were not transferrin,
(111) the transferrin - rabbit-antibody complex in IE patterns



did not have peroxldase actlivity,

The last suggesilon was considerod the most likely
explanations The “°Fe labelling experiments desecribed earlier
were undertaken to resolve this provlea and the results
obtalned showed (111) to be correct.

The finding that the peroxidase activity of mcuse
transferrin, but not that of mouse hajptoglobln nor haemoglobin
(¢60, below), was blocked by specific rabuit antibodles could
be taken as lndlcatin; that Lhe .ercoxidase acilvity of the
transferrin is due to a different type of site tnan tnat of
the haewouylobin and haptoglobine Gimilar sites cn different
molecules would be expected to have similar antigenicity in the
rablite in a further experiment with this systea IL patterns
of acuse serum developed with rabbit antliserum were stained for
peroxidasey as deseribed earlier, btut without first wvashing cut
the unreacted proteine reroxidase activity froa the rabiit
antiserum caused strong background staining but even so faint
activily was observed at the antligen edge of the transferrin
arce 1this wvas interpreted as showing that the peroxidase
activity of the transferrin persisted in the complex, probably
precipitated, where the antigen (transferrin) was in excess.

It was thought possible that the three transferrin bands
resclved by DE, namely C46, CS50 and C64, might have been the
sane protein with different amounts of bound ircm. Ovotrans-
ferrin has been shown t¢ give three bands in isc-electric
foeusing experiments, one with two bound ferriec founs, one with
one ferric ion and one with none (Wenn and #illiams, 1968 and
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“illiams, Phelps and Lowe, 1770). GSuch was not found to be
the case with mcuse transferrin: saturation of the transferrin
by addition of ferric chloride to the seruam did notl change the
souse transferrin 5 pattern, It was therefore coancluied that
L4Gy CH0 and <06 were diflerent protein eoaponents. it 18
possitle that the transferrin was ircnegsaturated in all the Ji
experiaents due to absorttion of irom from the ferricyanide in

the polyacrylanide gel.

‘he difrerent effects of sex on the levels of C46 and CO0
are cf considerable intereste C46 was about 5 lower in males
than in females while CS50 was 407 higher in males thaa in
fesalese The sex effect on CO4 was less definite but appeared
tc be similar tc the ef‘eet on C50. The observed sex effects
amounted to a lesser difference in the intensities of C46 and
¢H0 in males than in females. T!e unusual transferrin
patterns observed in mice of the strain Afias by ‘shton and
vraden (i961) sight have been extreme cases of a siailar effect.
“he transflerrin patterns in starch gel electroghoresls of a few
of these mice (sex unspecified) showed the two slow bands
(corresponding toc C46 and C50) at approximately equal ifutensite
ies, in coatrast to the usual pattern wvhere the slowest
component is by far the wmost intense.

The different effects of sex on the different couwponents
suggest different physlological controls on them and perhaps
different physiological roles. Jtudies on the control of these
components in the light of the observed sex efi'ects could be
particularly informative (see under "C110").
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It 1s tempting to speculate that the diflerent sex eflects
on the different transferrin cuoamponents mi ht be related to the
placental transier of ircn. The traansfer of iron ac:oss the
placenta appears to be an active and specific processe The
binding of iron to human transferrin at physiological pii is
very strong (the stability constant ol the complex is about
10%6 11 (rasa, ‘lalustrda, Saltaan and vdnngfrd, 1963)) yet the
transfer of iron across the placenta is very rapld and efiiclent
(Fletcher and nuehns, 1963)., Graber, :lurley, ieyssel and
ielntyre (4270) showed that in rats SO0ix of transferrin~bound
ngo injected into pregnant females reached the foetuses within
two hourse sraber gt a) also found that transferrinebound |
indium was deposited 1in the placenta and not transferred to the
foetus. Transferrin 1tselfl was not Craansferred to the rat
foetuses in any appreclable quantity (Graber gt al, 1270). %
would be interesting to deteraine whether the difiereat
transferrin coauonents of the mouse all have the same éapablllty
for trausferrin: iron across the placenta.

another sex effect on mouse transferrin was suggested by
the observations of #atkins, Tee, - inn and Johnson (1958).
Data from thelr study cf the catabollisa of transferrin in ten
palrs of segtraln alce showed a between-animal variaace of the
transferrin half-life in females about Z5 times greater than in
anles. In the present work on 101, NZY and Nib nmice it was
found that the variance: of the transferrin levels in fexales
wasc about one third of that: for males. If the effects are
not peculiar to the particular strains involved, then these
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observations would suggest that elther there is a much greater
variation in transferrin synthesis rates in male amice than in
female mice, or, that in feaales high or low aynthetic rates
are cffset by res, eetively high or low catabolic ratese.
Considering that the data of Jatkins gt gl showed a narrow range
of eatabolic rates the second of the above hypothesis seeas
more likely.

€80 The large variations observed in this band were due
almost entirely to haewoglobin froa lysis of erythroeytes during
blood collectione LDecause of this no varlations which could

be ascribed tc ceruloplasain, also at this site, were detecled.

€70 and C81 were uinor components though C8l1 was yuite distinct.
Neither showed much variation. The only effects of particular
interest noted were due to the method of blood sampling (aice
consclous or anaesthetized) on C8l1; these have been considered

in "Oiscusslon of Msthods”.

£100 albuamin, The effect of sex on albualn levels observed
in the present work, levels in females about 5% higher than ia
males, is in agreement with the observations of ispinosa gi al
(1964). A similar effect of sex on albumin levels has been
noted for the rat (Heim, 1959).

ione of the observed effects on albumin levels was® very
large. Effects cof age-group were observed in ixperiasent B4
but these were not coafirued by Lxperiment 55. It 1s
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therefure probable that the effects were due te "group" rather
than to age and cculd have been asscciated with the same
unknown cause as the "week" effects discussed below.

in the course of JE analyses, at pilReS, 1L was cbserved
that the ability cf the wmouse albumin band to Lind Lromophenol
btlue, used as a mwarker, was conslderably less than that of
human, ovine, rabblit and ruat albuains. ‘he effect was too
large to be attribatable to specles differences in the levels
of albumine 7The Jifference Letween the mouse and rat albumins
with respect to dye bLinding 1s of purticuluar interest whean the
close relationshlp belween these two s ecles 1s considered.
‘he dye binding properties of mouse albuain cumpared with

albumins of cther species could well warrant further investigatione.

£ll0 This component corresponued to the sex and sirain
dependent pre=albumin observed in starch gel electroghoretic
patterns, Loth straln and sex eflects were olservede The
sex effect was particulurly marked§ the levels in males were,
overally l.7 times higher than in fewalese The strain by scx
and strain by sex by age interaction effccts were of interest.
These are cutlined in "Sumsary of hesults". The point of
particular interest was the relatively szall sex effect in il
wice. This appeared to be due to strain by age effects on the
NZB males rather than to efiects on the females. The pattera
of variation of Cli0 1n J.C males reseasbled the .atterns for
101 and 53Y females. (The levels in 1D wales were slightly
higher than in liib females and showed no age changes.)
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Aumke and Thung (1964) reported that the sex difference
in prealbumin was first observed when the alce reacihed sexual
maturitye They also found thut the levels in female amice
were increased by administration of testosterone. It thus
apyears that the levels of this protein could be controlied
by sterdld hormone action. It would be of interest to compare
the levels of various steroid horamones im WNiE und #2Y aice in
conjuhetion with further studlies on CiiO.

A study of the physiological control of this coamponent
should prove fruitfule. Such a study could include cocaponent
C38 and the transferrins concurreantly. Using an analytical
method similar to that described in this thesis (densitometry
of De patterns) all five components cuuld be measured in the
saue analysis. A useful preliminary study would be an
investigation of the effects on all these coumponents of
castration and speying at various stages of maturity, aand
could be followed by an investigation of the effects of various
hormones on the levels of the components in male, female,
speyed and castrated mice.
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In _xperiument LG there appeared to be a pemeral effoct
involvin: seven cuamponcntse lhese were all about 1l0s lower at
the second sampling than at the (irsty a week earlier. in
contrast albumin and the transferrins were ull raised 1in the
seccnd weexy by &5 to iDse A siallar eoaparison invelving a
groudp ol 3 mocnth old 101 mlce gave the o.,.usite results, a
rise in several components anc a dro, in alvuain andi the
transferring ("ousaury of «esults')e.

{t 1 unlikely thuat these changes were due tc the effect
of the r'irst saaplinge. It would be expected taut sueh au
effect would be the same for both groups of mice, especlially
as the intervals between samplings were similur in each case
(7 and 6 days respectively for the kxperiment L5 mice and the
104 mice)e It i{s therefore concluded that the effects were
due to some unknown ecause rolated to “week". If so, similar
effects were probably assoclated with age-group difierences
observed in Experiment B4; these groups were sampled at
different times, Consequently the Experiment b4 age=group
effects wore regarded with caution.

It alght not be only coinclideantal that albumin and the
transferrins reacted im a siamllar way, and in the opposite




direction to other componentse It has been noted that
transferrin and albumin tend tc vary together in humans (laurell,
1960)s It has beecn found that, in humans, transferrin and
albvunin decrease in o similar wvay following injury and also
foliowing hea.t-.tlack, while other plasma proteins such as
haptoglobin and ceruloplasain increase (Owen, 1967). It
appears that the "week"™ effect observed in the aice shows a
similar pattern, though the inconsistent directicn of the

effect makes it unlikely that the "injury” sustained in blood
saupling was the cause.

Jarignees of D& Cognonentss

For most couponents the residual variances after fitting
strain and age effects were about twice as large between males
as between females. The only exceptions were C38 for which the
female variance exceeded the male and C0.5 for which the male
and female variances were simllar, The departure of C38 froa
the general pattern can be explalined in terms of the reported
effects of cvestrus (see page 181).

There does not appear to be any obvious reason for this
general effecte It 1s perhaps indicative of scume prominent
but unaccounted for source of variation among males.

The effect, the male variance being greater than female,
was overall highly significant (p<0.005), however, the variance
differences for individual components should be regarded with
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caution. It 1s not known to what exteat the error distribution
differed froam normality and departures {rom normality can sericuse
ly affect the valldity of conelusions drawn about variances,
(..cheffé, 1259).

It must ve pointed cut thut these observations were made
in only one ex. eriment and should thecefcre be coafirmed before
being lnvestigated further.

For all three of the coamponents which showed mujor sex
effects the effects were less for the ..4D strain than for the 101
and HZY strains. In the liB strain the sex differences for C3d,
o and Cll0 were about half the corresponding differences in the
10l and NZY strailns (Table i3)e These strain differences in the
sex effects appeur to have been due mainly to straln effects
within the males rather than withln the feamales., All these coa-
ponents were at higher levels in the wales than in the females and
in all cases the levels 1n N4E males were lower than in 101 or Y
aales. o significant (p>0.1) straln differences were observed
anong the females. Loth C38 and Cll0 have been found to be affect-
ed by steroid horuones as already mentionede It is teapting to
attribute the relatively low levels of all three proteins in ndb
msales to a coummon cause, perhaps a pecullarity of the steroid
metabolisu in these mice as implied under "C110". It 18 also
teupting to suggest a possible connection between these observa-
tions and other characteristics of {Zb aice, namsely the auto-

immune manifestatlons.



GolicLisLoRs

I The results of this work show that the high resclution
protein fracticnation technique of disc electrophoresis in
polyacrylaaide gel, gquantitated by photoelectric densitometry
and used in conjunction with suitable mathematical analyses,
is a useful tool in the guantitative study of a wide spectruam
of blood proteins.

IT 48 mice had higher levels of iamunoglotullins Igs and IgM
than 101 and N4Y mice, after the age of 3 to 4 months. io
strain differences in the levels of these proteins were observed
befcre the age cf about 2 to 3 monthse It is thus appareat
that an increase in the activity of the iusune systea of 4B
micey relative to 10l and H4Y mice, takes place 1ln the age range
2 to 4 monthse Whother or not this is related tc the autoe
fmoune econditions of these micey, or to the virus reported to bve
present in thea is still a matter for speculatione This problem
aight be considerably simplified and an understanding of it
greatly advanced by extension of the work on gerae-free iib mice
begun by East and her Co-workerse

IIT Sex differences in the levels of components were generally
less in 1B mice than in 101 and HZY amlcee This was particu-
larly so in the ecase of the components which showed large sex
effects, the oeglobulin, (38, the transferrin component, C50,
and prealbumin, Cli0. For these three components at least, the




493
lesser sex effects in the HiB strain were due largely to
lover levels (nearer the female levels) in NJb males than in
104 and N4Y males.

It 1s not known whether these ellects reflect some
abporaality in 340 males or are "normal®™ strain effects.

IV & wajor sex effect was cbserved for the middile component
of transferrin, CS50. its levels in males were higher than
its levels in fesales. ihe wost proulnent trausferrin compce
nent, C45, did not show this effect but was found at slightly
higher levels in females than in males. A difference is
indieated in the physlological controls, and perhaps roles,
of these apparently closely related coaponcnts.



wheat weal 800
barley wmeal 400
wheat-gera seal 200
ground oats 80
butteruilk powder 640
blood meal 50
salt (iacCl) 0
Line (Caco3) 20

"lalcarite", for vitaains A and D and additicnul water-soluble
vitanins: 12 oz per tom grain meals.

"vetsyen® (ulaxc), given at a level of 0.0ix in a amixture
of 2 parts of wholemeal flour amd 1l part of butterallk powder
(by weight)e. 1 teaspoonful per 6 amice was put in each eage on
each day of treatuwent.




The mouse was anaesthetized with diethyl ether and its
tall swabbed with 70» (weight/ weignt) ethanol and dricde
ihe last Joint was then cut off and the blood sample taken
as illustrated.

ether daapened pad
to maintain anaesthetic

perspex holder
rubber dia to

seal round tai
saaple tube
tip of tail cut

éocmectlon to suetion
Paap




barbitone (5:5 diethyl barbiturie acid ) (Verk) 2.0 ga

godium barbitone (llerk) £0.6 ga
sodiua chloride (ii & By rcagent) 58.5 ga
deionized wotor to make i litre

The column was halfl filled with bufier, topped up with a
&80.. slurry of Jephadex in buffer, the whole contents stirred
and left to settles After a & ca layer of Sephadex had settled
the eclumn stopcock was opened to allow a suall outflow. hen
the buffer level had reached halfway betwecn the set_ling sephades
and the top of the coluwan it was again topped up with sephadex
slurry, taking care not to disturb the previcusly added charge.
The upper contents were then stirred to a level 1 ca below the
top ol the previous charge. The topping up was ropeated in
this way until the desired bed height was reached.

The packing was consollidated by an overnight flow of buffer.
The top 1 ea of the bed was then stirred and allowed to settle
to give a flat surface. Finally a dise of i20 mesh stainlesse
steel gauze was lald on top.

Columns were packed to bed height of 43 « 48 cu,
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The syphons used were basically as designed by AL but
vith the suspension "pins” turned at right angles and a counter

weight added to alter the hangin: angle thus altering the
volume of discharge.

O- suspension pins

counter welght
level at discharge

Material
borosilicate glass

outlet

The syphons were cleaned at least after every two fractione
ations because any intermal grease filam caused them to deliver
irregular voluses. The cutlets were sucared wvith silicone

grease to prevent the formation of bubbles which caused overe
filling.



B LE'OU0 €L b

glyeine (rleuger) lbeé g

tris-(hydroxyncthyl)=anino=aethane ("tris™) 3.0 ga
browophenol blue 0e2 to 0.5 ml of Delp solution
deionized wvater to make d litre

ock solutlons for cel

i. aecrylazide 30.0 ga
3!l methylene bL1s acrylaanide 0.8 gm
delionized water to make 100 @l

Z2e dimethylaminuproplionitrile le6 gm
tris - glycine buffer (above) to make 100 al

Je 003 potassium ferricyanide in delonized water
Qe 48, ammonium persulphate “ " "

&

The polyacrylamide gel was made by mixing equal volumes of
solutions 1 to 4 in the order 1 to 4.

The stock solutions for the gel were divided into aliquots
sufricient for one DE run and stored at 5°C for up to a yeare




The saaples (coutaining 5 suerose tc increase their
deusity) were put into the tops of the gel tubes. Each tube
was topped up by carefully layering elcctrode-cuamber buffer
ove:s the saaple. Luffer was then added carefully to the
upper eleectrode echamber to cover the tops of the gel tubess
The wothod described by Clarke (19G4) used cottonwcol plugs 1o
the tops of the gel tubes to proteet the sauples from swirling
whaen the electrode chauwdber was fillede It was found that the

cuttonwool-plugs were unnecessary if due care was taken in
pouring the buffer inte the electrode chaabere

amido black 108 (Gure) 1ga
i25 acgetic acld 450 al
1.6% socdium acetate 450 ml

glycerol 100 ml



aebatdliation didd

naphthalene (i & B reageat) 60 ¢
245 diphenylomaszole (lueclear interprises) 4 ¢
1,4 di(G=(G=phenylozazoly) )=benszene (/uclear

Enteryrises) 0.2 g
sethanocl (1 & B reagent) 00 al
dioxan (M & B reagent) to make 1 litre

This fluid was compared with one using "seintillation
grade” diozman; mo difference was dotected.

danid Seiatiliation count

Two sets of equipaent were used:

iuelear nterprises head (lS603T) with

Philips electromies (Pu4231, ri4cll, ~W4Z20 & Fé4270),
Pagkard, Tricard Liquid Seintiliation Counter.
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Water pressure foreces gel down tube
and through cutting wires

DE gel

stainless stecl wires (0.0015" diam)
cemented across end of tube,

Weight of about 8 kg
% Glass shoet

- ] Sponge plastic ¢" thiek
= j/— Llotting paper
--_z--—z---z-hg 120 wesh stainless-steecl gauze
: _,\Gﬂ.cnm on
Glass sheet
dara surface, about 40%C




Glass tube (open to
atacsphere)

subber bung

{ tainless steel tube

(22g syringe needle)

Glass test tube

ST ]

(thick walled) / -
Rubber band

Dialysis tubing

T

Jistilled water

surrounding dialysis sack

Sanole
Jouble knot .

Vacuua line

3

Tube to vacuum puap

Vacuum manifold (several

other filtration apparatuses
connected)

Vaguua gauge



Haterial source Md
flue Dextran Fharaareia 2x20% (3)
tayroglotulin (pig) (1) 67x10% ()
gamsaeglobulin (human) (1) 18x10% (4)
aldolase (rabbit musele) Slgma  247-180x10° (5)
glyceraldehyde 3¢ dehydrogenase

(rabbit muscls) s5igua 137%10° (6)
bovine serua albuain (1) 60-70210° (4)
trypsian (bovine panercas) (1) 23800 (4&)
ehymotrypsin (bovine pancreas) (1) 22600 (4)
eytochr.ae C (horse heart) (i) 2400 (&)
transferrin (mcuse serum) (<) 66700 (7)

(1) These substances were obtained as a kitset of molecular
weight markers for gel filtraticn (Maan).

(2) The elution volume of mouse transferrin was deteruined
in ‘xperiment Al.

(3) ‘toleculur weight given by the mukerse

(4) lolecular weights were given by the suppliers wich the
kitset (1) (Mann)e

(5) Dixon and Webb, 1964.

(6) rox and Dandliker, 1956.

(7) watkins, Tee, Wang and Tarlow, 196G.



APPENDIX 10. (EXPERIMENT B4) 204
EFFECTS OF STRAIN AND AGE

101  NZB RNZY (MALE)
CO.5 (MACRO PROTEIN) (P1>p>P2)
SOURCE DeFe MeSa F Pl P2
STRAIN 2 1171.11 1.9033 « 250 .200
AGE 3 1473.95 4,7199 .010 .005
STR X AGE 6 615.27 1.9702 .100 .050
RESIDUAL 52 312.28

Cle5 (MACRO PROTEIN)

SOURCE DeFe [leSe F Pl P2
STRAIN 2 20733.51° 14.5127 .010 .005
AGE 3 1256+ 39 2.3507 100 «050
STR X AGE 6 1428+ 64 2.6730 .025 .010
RESIDUAL 52 534446

C2.5 (MACRO PROTEIM)

SDL]RCE D-Fo. |'|.S. F D]. PZ
STRAIN 2 793.03 1.5555 «500 «250
AGE 3 1029.07 2.6978 «100 «050
STR X AGE 6 509.80 1.3364 « 500 «250
RESIDUAL 52 38le44

C3 (MACRO® PROTEIN)

SOURCE D.Fe. Me S F Pl P2
STRAIN 2 80.78 le3665 «500 «250
AGE 3 40.98 .9178 «500 «250
STR X AGE 6 59.11 1.3240 «500 «250
RESIDUAL 52 44,64

C8 (MACRO PROTEIN)

SOURCE: DeFe Me Se F P1 P2
STRAIN 2 521.00 2.0690 «250 200
AGE 3 277.84 43642 .010 .005
STR X AGE 6 251.81 3.9552 .« 005 .001

RESIDUAL 52 63.66



EFFECTS OF STRAIN AND AGE

101 NZB NZY (MALE)
c11 (MACRO PROTEIN)
SOURCE DoFc M- S. F
STRAIN 2 970.93 2.6553
AGE 3 264, 66 2.3538
STR X AGE 6 365465 3.2519
RESIDUAL 52 112. 44
C15-30 (IMHMUNOGLOBULIN G,
SOURCE D.F. Mo S =1
STRAIN 2 2371.30  24.9931
AGE 3 41.93 . 5057
STR X AGE 6 94,87 1.1441
RESINDUAL 572 82,92
C25 (PEAK OF C15-30)
SOURCE o, (&, MeSa F
STRAIN 2 2782.85 25.8068
AGE 3 14,34 . 1866
STR X AGE 6 107.83 1.4030
RESIDUAL 52 76485
€30
SOURCE D.F. Me S F
STRAIN 2 213.00 .5119
AGE 3 134, 44 1.1599
STR X AGE 6 416.05 3.5897
RESIDUAL 52 115.90
€35
SOURCE DoF. MeSe F
STRAIN 2 1786.88 20.0101
AGE 3 84428 1.2871
STR X AGE 6 89.29 1.3636
RESIDUAL 52 654 48

P1

«200
«100
.010

P1

. 005
1.000
«500

P1

. 005
1.000
«250

P1
1. 000

«500

. 005

Pl

. 005
«500
250
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P2

.100
.050
.005

OR 7S GAMMA-GLOBULIN)

P2

.001
«500
«250

P2

.001
«500

«200

P2

«500
«250
.001

P2

.001
«250
.200



EFFECTS ‘OF STRAIM AND AGE

101 NZB NZY (MALE)
Cc38
SOURCE DeFo MeSe & P1
STRAIN 2 2849,172 5.3929 « 050
AGE 3 1592.83 10,2287 .001
STR X AGE 6 528430 3.6115 «N05
RESIDUAL 52 146428
C46 (TRANSFERRIN, SLOW COMPONENT)
SOURCE NDeFe MeSe F P1
STRAIN 2 1154.06 9.1221 .025
AGE 3 367.99 1.9463 « 200
STR X AGE 6 126.51 « 6691 1.000
RESIDUAL 52 1829.06
C50 (TRANSFERRIN, MIDDLE COMPONENT)
SOURCE DeFe e Se F P1
STRAIN 2 393429 6.8757 « 050
AGE 3 163.80 « 7410 14000
STR X AGE 6 57.20 «2587 1.000
RESIDUAL 52 221.04
C54 (TRANSFERRIN, FAST COMPONENT)
SOURCE DeFe Me Se F P1
STRAIN 2 24425 «2326 1.000
AGE 3 He 16 «.0739 1.000
STR X AGE 6 104,29 1.1397 500
RESIDUAL 5'2 91.50
C60 (CERULOPLASMIN AND HAEMOGLOBIN)
SOURCE D.F.u Mo S. F P]_
STRAIN 2 609.13 2.4419 « 200
AGE 3 65.21 «1915 1.000
STR X AGE 6 249444 « 7326 1.000
RESIDUAL 52 340447

p2

«025
0.000

«001

P2

.010
.100
«500

P2

.025
«500
«500

7

«500
«500
«250

p2

«100
«500
«500




EFFECTS OF STRAIN AND AGE

101 NZ3 NZY (MALE)
C70
SOURCE DeFe MeSe =
STRAIN 2 52.05 1.9856
AGE 3 14,69 1e5374
STR X AGE 6 26021 247422
RESIDUAL 52 9.56
cs8l
SOURCE DeFe Me Se F
STRAIN 2 28414 1.0143
AGE 3 29.31 1.8259
STR X AGE 6 2T T4 1l.7284
RESIDUAL 52 16.05
C100 (ALRUMIN)
SOURCE NDeFe e Se F
STRAIN 2 143.16A «1983
AGE 3 1120.67 5.0761
STR X AGE 6 721.78 3.2693
RESIDUAL 52 22077
Cl10 (PREALBUMIN)
SOURCE DeFe Me Se 5
STRAIN 2 7241.61 21.0364
AGE " 3 795. 40 51459
STR X AGE 6 344,24 22271
RESIDUAL 52 154,56

|—

Pl

«250
«250
«025

P1
«500

«200
«200

L

<000
«005
.010

P1

« 005
.005
«100

P2
« 200

«200
.010

p2

«250
«100
.100

p2

.500
.001
.005

p2

.001
.001
.050
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11. (EXPERIMENT B4)

EFFECTS OF STRAIN AND AGE

ATPENDIX

101 NZB NZY
CO0.5 (MACRO PROTEIM)
SOURCE DeFe MeSe
STRAIN 2 1451.96
AGE 3 203. 48
STR X AGE 6 531.97
RESIDUAL 45 315.52
Cl.5 (MACRO PROTEIN)
SOURCE DeFo Me S
STRAIN 2 22290460
AGE 3 2849.93
STR X AGE 6 469.25
RESIDUAL 45 250.60
C2.5 (MACRMD PROTEIN)
SOURCE NeFe iMeSe
STRAIN 2 2056452
AGE 2) 1498.58
STR X AGE 6 638.57
RESIDUAL 45 180.06
G3 (MACRO PROTEIN)
SOURCE DeF e M.S.
STRAIN 2 33.47
AGE 3 49,37
STR X AGE 6 116.78
RESIDUAL 45 35459
"C8 (MACRO PROTEIN)
SOURCE D-Fc MQSQ
STRAIN 2 366.88
AGE 3 568.80
STR X AGE 6 110.21
RESIDUAL 45 35.00

(FEMALE)

2.7293
« 6449
l.6859

F

47.5022
11.3723
1.R725

3.220¢4
8.3223
3.5463

F

« 2866
1.3870
3.2806

t_
3.3286

16.2513
31490

(P1>p=>P2)
b1 p2
« 200 «100

1.000 «500
« 200 «100
P1 p2
. 001 0.000
.001 0.000
« 200 «100
p1 P2
« 200 «100
001 0.000
«0N10 «.005
P1 p2

1.000 «500
«500 o 24510
« 025 .010
P1 P2
«200 «100
. 001 0.000
«025 .010
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EFFECTS OF STRAIN

101 NZB NZY
Cll  (MACRO PROTEIN)
SOURCE DeFa MeSe
STRAIN 2 947.10
AGE 3 743.53
STR X AGE 6 398462
RESIDUAL 45 74468
C15-30 (IMMUNOGLOBULIN G,
SOURCE D.F. Mo S
STRAIN 2 2476.82
AGE 3 185.45
STR X AGE 6 73.99
RESIDUAL 45 41.31
C25  (PEAK OF C15-30)
SOURCE DeF. e S
STRAIN 2 1661.93
AGE 3 18.99
STR X AGE 6 64413
RESIDUAL 45 26464
€30
SOURCE NeF. MeSe
STRAIN 2 134.59
AGE 3 235.86
STR X AGE 6 246419
RESIDUAL 45 46417
C35
SOURCE NeF. MeS
STRAIN 2 670.05
AGE 3 293.05
STR X AGE 6 127.47
RESIDUAL 45 39.29

AND AGE

(FEMALE)

F
2.3759
9.9555
5.3373

F

3344739

444885
1.7908

[~

2549143

« 7130
24072

F

« 5466
5.1077
5.3313

F
5.2564

Te4581

3. 2440

P1

« 200
.001
.001

P1

. 001
.010
200

21

«005
1.000

«050

P1
1.000

«005

«001

Pl
«050

. 001
«025
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p2

100
0.000
0.000.

OR 7S GAMMA-GLOBULIN)

p2
0.000

.005

«100

p2

.001
«500
.025

p2

«500

001
0.000

P2

.025
0.000

.010
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EFFECTS OF STRAIN AND AGE

101 NZB NZY (FEMALE)
c38
STRAIN 2 375.07 1.1607 «500 «250
AGE 3 350.90 1.5857 «?250 «200
STR X AGE 6 323.11 1.4601 «250 «200
RESIDUAL 45 221.29
C46 (TRANSFERRIN, SLOW COMPONENT)
STRAIN 2 834.71 2.9103 «200 «100
AGE 3 128.06 143463 «500 «250
STR X AGE 6 286.81 3.0152 « 025 .010
RESIDUAL 45 95.12
C50 (TRAMSFERRIN, MIDDLE COMPOMENT)
SOURCE Do Foe MaeSe ~ Pl P2
STRATIRN 2 194,86 1.4879 «500 «250
AGE 3 125. 41 1.8258 « 200 .100
STR X AGE 6 130.96 1. 9066 «200 «100
RESIDUAL 45 58468
C54 (TRANSFERRIN, FAST COMPOMENT)
SOURCE DeF. ile Se F P1 P2
STRAIN 2 600432 9.7121 «0N?25 .010
AGE 3 6253 2.3328 «100 «050
STR X AGE 6 6l.81 23058 « 100 .050
RESIDUAL 45 26.80

C60 (CERULOPLASMIN AMD HAEMOGLOBIN)

SOURCE NeFe MeSe F P1 P2

STRAIN 2 1198.27 444750 100 .050
AGE 3 459,43 1.8170 « 200 .100
STR X AGE 6 267476 1.0590 «500 «250

RESIDUAL 45 252.84
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EFFECTS OF STRAIM aAND AGE

101 MNMzZB  MZY (FEMALER)
C70
SOURCE DeFe e Se = =28 P2
STRATHN 2 14,75 5.1095 « 050 «025
AGE 3 11.9%4 le 7615 « 200 .100
STR X AGE 6 2.872 «£183  1.000 «200
RESIDUAL 45 6o 78
£81
SOURCE DeFo He S F P1 P2
STRATIN 2 19.32 2.2135 « 200 «100
AGE 3 12.¢41 1.3093 « 500 « 250
STR X AGE 6 R. 73 « 07212 «500 «?250
RESIDUAL 45 Q.47

cl00 (ALBUHMIM)

SOURCE DeFe “leSe = 2 22
STRATHM 2 272816 «2930 1.000 «500
AGE 3 667e 47 61767 « 005 .0N1
STR X AGE 6 803.51 Te&356 001 0.000
RESIDUAL (45 102.0A

CL10  (PREALBUMIN)

SOURCE DeFe Mo Se F el b2
STRAIN 2 946480 1044034 . 025 010
AGE 3 21635 « 7934  1.000 «500
STR X AGE 6 91.00 243025 « 100 «050

RESIDUAL 45 39.52



APPENDIX 12.

MOUSE-TYPE,

( EXPERIMENT B5)

WEEKS AND ANAESTHETIC

CO0.5 (MAGRO PROTEIN)
SOURCE DeF. MeSe
WEEKS 1 15.00
MICE 11 1207.33
WKS X MICE 11 347.88
RESIDUAL 30 310.33
WKS (TMTS) 6 42,48
RES+TMTXHC 63 372.55

Cl.5 (MACRO PROTEIN)
SOURCE DeFe MeSe
WEEKS 1 2849,.25
MICE 11 8656475
WKS X MICE 11 163.67
RESIDUAL 30 184.56
WKS(TMTS) 5 123.03
RES+TMTXHMC 63 371.50
C2.5 (MACRO PROTEIM)
SOURCE NDeF. - MeSe
WEEKS 1 10605.00
MICE 11 1060.79
WKS X MICE 11 T3.67
RESIDUAL 30 1664 42
WKS(TMTS) 6 149,01
RES+TMTXMC 63 233466
C3 (MACRO PROTEIN)
SOURCE D.F. Me S
WEEKS 1 213.01
MICE i 106.02
WKS X MICE 11 39.73
RESIDUAL 23 20.65
WKS(TMTS) 6 6e62

RES+TMTXMC 55

21.53

VAR .
-6.830
108.056
84136
3104336

VAR .
55.949
1061.635
-5.222
184,563

- VAR,
219.402
123.389
-28. 1'93
1664+ 446

VAR.
3.609
8.285
4,771

20.652

=

« 0437
3.5211
1.1048

«1140

F

17.4082
52.8906

« 3868

«3311

F
143.9474
14.3986
4426

«6377

F

5.3603
2.6681
1.9241

«3074

(P1>p>DP2)
P1 P2
1.000 .500
.025 «.010
.500 .250
1.000 «500
P1 P2
.005 «.001
«.001 0.000
1.000 «500
1.000 <500
P1 P2
.001 0.000
«.001 0.000
1.000 «500
1.000 «500
P1 P2
«.050 .025
«100 «050
.100 «.050
1.000 «500



WEEKS AND ANAESTHETIC

MOUSE-TYPE,

C8 (MACRO PROTEIN)
SOURCE DY . Mo Se
WEEKS 1 140.16
MICE 11 554.89
WKS X MICE 11 32.57
RESTIDUAL 29 49,39
HKS(THMTS) 6 59,38
RES+THMTXMC 62 Tl 43
Cll (MACRO PROTEIN)
SOURCE DeFe Me S
WEEKS 1 931.26
MICE 11 1107.68
HWKS X MICE 11 6076
RESIDUAL 29 42450
WXS(TMTS) 6 147.42
RES+THTXMC 62 119.20

G 185 (0]
SOURCE
WEEKS 1
MICE 11

WKS X MICE 11
RESINDUAL 30

WKS(TMTS) 6
RES+TMTXHC 63

€30

SOURCE

WEEKS 1
MICE 11

WKS X MICE 11
RESIDUAL 30

WKS(TMTS) 6
RES+TMTXMC 63

D.F.

DeFa

(IMHUNOGLOBULIN G,

oS
114,84
1167.57
19.00
17.97

59.42
41.09

M. S.

527.34
474,94
37.98
76480

193.66
115.67

VAR.
24241
65.289
—4.204
494393

VAR,
18.135
130. 865
44564
424505

F

44,3028
17.0339
« 5595

«8314

£

15.3264
18.2299
1.4295

1.2367

P1

«100
.001
1.000

1.000

P1

«005
.001
250

1.000

OR 7S GAMAA-=GLO3ULTIN)

VAR.
1.996
143.571
S 2o)lo)
17.977

VAR,
10.194
54.620
=9.704
76.800

F
60432
61,4406
1.0570

14462

F

13.8843
12.5047

<4945

le6742

P1
. 050
«001

«500

«500

P1
.005
.001

1.000

«200

P2
«050
0.000
«500

«500

p2

.001
0.000
« 200

« 200

P2
«025
N.000
« 250

« 200

P2
.001
0.000
«500

« 100
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MOUSE-TYPE, WEEKS AMD AMAESTHETIC

C38

SOURCE DeFo e S VAR, F P1 P2
WEEKS 1 546.26 8.609 44,1075 « 100 «050
MICE 11 3127.89 373.738 23.4823 .001 0.000
WKS X MICE 11 132.98 - 477 «9853 «500 « 250
RESIDUAL 30 134.90 1344900

WKS(THTS) 6 52436 «3600 1.000 «500
RES+TMTXMC 63 145.43

C46 (TRANSFERRIM, SLOW COMPONENT)

SOURCE DeFe f1eSe VAR, - = P1 P2
WEEKS 1 8272.60 15.671 11.6861 «010 « 005
MICE 11 262,78 24,048 3.7331 <025 .010
WKS X MICE 11 70439 -1.359 «9282 1.000 «500
RESIDUAL 30 75483 754830

WKS(TMTS) 6 553,98 4e6365 001 0.000
RES+TMTXMC 63 119.48

£50 (TRANSFERRIM, @wIDDLE COMPONENT)

SOURCE DeF s HeSe VAR F P1 P2

HEEKS : 1 1592.51 30.714 13.4710 . 005 «001
MICE 11 512.66 49,306 443366 «0725 <010
MKS X MICE 11 118.21 Be 143 1.4201 «250 « 200
RESIDUAL 30 83.24 83.241

WKS(THMTS) 6 264450 1.1246 1.000 « 200
RES+TMTXMC 63 235.18

C54 (TRANSFERRINy FAST COMPONENT)

SOURCE DeFe Me S VAR« F P1 P2
WEEKS 1 231e26 3.773 4.6116 «100 .050
MICE 11 142.91 11.596 2+8500 «050 .025
HWKS X MICE 11 50.14 4,165  1.4976 «200 «100
RESIDUAL 30 33.48 33+483

WKS(TMTS) 6 94.87 _ 1.7289 «200 «100

RES+TMTXMC 63 54.87



MOUSE-TYPE,

C60

SOURCE De.F.
WEEKS 1
W ICE 11
HKS X MICE 11
RESIDUAL 30
WKS(TMTS) 6
RES+TMTXMC 63
C70

SOURCE DeFo
WEEKS 1
MICE 11
WKS X MICE 11
RESIDUAL 24
HKS(TMTS) 6
RES+TMTXMC 57
c81

SOURCE DeFe
WEEKS 1
MICE 11
WKS X MICE 11
RESIDUAL 30
WKSETHMTS) 6
RES+TITXHC 53
C100 (ALBUMIN)
SOURCE DeFe
WEEKS )t
MICE 11
WKS X MICE 11
RESIDUAL 22
WKS(TMTS) 6
RES+TMTXMC 55

WEEKS AND ANAESTHETIC

MeSe
237.51
934409
139.37

78400

352455
266473

Me S

36426
71. 60
93.89
52.71

24466
45436

MeS.
12.76
20.95
50614
10.68

42432
11.83

M. SI

13301.00
282.84
192.61
157.36

63.01
128.56

(CERULOPLASMIN AND HAEMOGLOBIN)

VAR,
2.044
99. 339
15.342
78.003

VAR«

10.294
524719

VAR.
.158
1.976
-1.383
10.680

VAR,
273.0091
11.278
8.813
157.363

F

1.7041
6.7020
1.7867

1.3217

F

«3861
« 71625
1.7810

« 5436

F
24792
440719

4818

3.5758

F

59.0537
l.4684
1.2240

«4901

P1
«250
«005
.100

1.000

P1

1.000
1000
«200

1.000

P1
«200
«025

1.000

«005

P1
. 001
«500
«500

1.000

P2
«200
«001
«050

« 200

P2

«500
«500
«100

«500

P?
. 100
.010
<500

.001

P2
0.000
L] 250
« 250

«500
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C110 (PREALBUMIN)

SOURCE DeFe Mo Se
WEEKS 1 96.00
MICE 11 2918.00
HKS X MICE 11 55. 70
RESIDUAL 22 T2.84
WKS(TMTS) 6 150.83
RES+TMTXMC 55 141.30

MOUSE-TYPE,

C15-30 (IMMUNOGLOBULIN G,
SOURCE DeFe 1eSe
WEEKS 1 682.70
MICE 11 11286.20
WKS X MICE 11 232423
RESIDUAL 30 269.46
FKS(TMTS) 6 634,29
RES+TMT XMC 63 516.11
C46 (TRAMSFERRIN, SLOU,
SOURCE DeFe Me Se
WEEKS 1 709.59
MICE 11 221.69
HKS X MICE 11 56420
RESIDUAL 30 56492
WKS(TMTS) 6 425.78
RES+THMTXMC 63 90.61

(TRANSFERRINy MIDDLE,y LOG TRANSFORMATION)

WEEKS AND ANAESTHETIC

C50

SOURCE DeFe Me Se
WEEKS 1 5133.38
MICE 11 1436.18
WKS X MICE 11 268.03
RESIDUAL 30 256460
WKS(TMTS) 6 653.85

RES+TMTXMC 63

621.08

VAR .
« 839
357.787
—-44.283
72 .840

F

1.7233
52.3819
« 1647

1.0674

LOG TRANSFORATION)

VAR
9.384
1381. 745
-9.305
2694460

VAR .
13612
20.685

-.180
56.928

VAR.
101.361
146.018

24857
2564606

F
2.9396
4845979
«8618

1.2289

LOG TRANSFORMATION)

F

12.6245
3.9441
«9873

446990

F

19.1518
5.3581
1.0445

1.0527

P1
«250
.001

1.000

1.000

P1
«200
.001

1.000

l.000C

P1 -

« 005
«025
«500

«001

Pl
«.005

. 005
«500

1.000

P2
«200
0.000
«500

200

P2
«100
0.000
«500

« 200

P2

.001
.010
«250

0.000

P2
.001
.001

.250
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