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SUMMARY

An cluetrenbore*ic investication was carrind out on protein variation in

different tiz-ues of Apoderus sylvaticus, In addition to some ontogenetic
studics, physicochemical methods were emploved to characterise esterase
enzymes and other proteins, Tho distribution of variant foroms from thirteen
localities in Ieecland, Ireland, Sectland, Norwasy and Surden were studied.
Fin-lly it was ponsihle in scre cases to acauire brecding data and clarify

modres of inheritanca.
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Protein:
Serurm pre-2lhuminz, albumin and cerulonlzcmin are monomorphic,

whilst post-albumin and transferrin may be polymarphic.

Red-cell proteins A and B are polvmorphic.

Other ticsue proteins were found to be uniform, except for a cathodally

migrating protein fraction in striated muscle.

Esterases:

Most esterase fractions were found to be nonspecific carboxyl-
esterases, Ltach tissue has its own esterase pattern, but also shares
fractions with other tissues. The physicochemical tests, breedinqg,
ontogenetic and population data make it feaszble to propose a mode of
inheritance for many esterase fractions.

Thus, the prcposed loci Es-l, Es-2, Es-3, Es-4, Es-7 and Es-8 have each

two codominant alleles. Es-6 has one dominant "silent" allele, and one
recessive "producing" allele. These loci produce esterase in more than one
tissue at the same time, There is a difference between all populations
tested, the Iceland populations differing most from the rest.

it is sugnested that chance "founder effects" is the chief factor for the

uneven/
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uneven Jiatributionof tho protein merkers,

The phvsicochzmiecal charzcters of pinteins in Apodemus sylvaticuys are

similar to those establishzd for othor rodents,
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Introd.ction

Background to this investigation

Tte Long-tailed field mouse, ipodemus svlvaticus, occupies the deciduous
woodland, Mediterranean and steppe zones of the western Palaearctic
regione (Corbet, 1966). It extends furthest west to Ireland and east into
Russia. Its northern limit is in Central Morway and Sweden and the
southern limit is the South of France and northern Italy, It is cne of
the few mammali@n srecies found in Iceland (Saemundsson, 1939). Field-
mice exhibit very little variation over most of the area, except at the

edges of the range particulerly on the islands north and west of Eritain

(Barrett-Hamilton, 1900; Eerry, 1969).

This variatién in external characters le.g. body size, skeletal charaecters

and pelage colour) led to taxonomical sub-speciation and division into
different races, mainly insular races (Matthews, 1952). These sub-species
were thought to he relics of pre-glacial species, which had later evolved

into the various races (Barrett-Hamilton and Hinton, 1910-1921 cited by Berry,
1969; Beirne, 1952). This "Classical” theory has been challenged by

several authors (Delany’,JBGA; Delany'and Healy, 1964; Berry et al. 1967;

Berry, 1969, 1973).

Corbet (1961) proposed that the icland races of small mammals are

relatively recent introductions, through the agency of man, The differences
observed in island populations compcred to mainland ones, (mainly larger
body size) was explained by influence of insular envirﬁﬁental factors

(Foster, 1964).

Very little scientific literature exists on the Icelandic field-mouse. They
1)

are mentioned in the Sagas when their numbers increased and they were

considered to be a plague. There is no mention of what type of mice they

WEI‘E/
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were, as the temm _m§§ only meons "mice". The present azuthor being
brought up and living in the Icelandic countryside has only seen
Apodemus sylvaticus there, and thez only place where house mice (ﬁgg
musculus) were caught was near Reykjawik.

The Icelandic fizld-mice are occupants of farmhouses, sheep sheds etc.,

hut Icelanders call them hﬂsa—mgs ("house mice") when found in houses

and hagamye ("field mice") when found outdoors. The "plagues" come in
hard winters, now and then; old farmers tell stories when mice got into
the wool of the sheep when in their sheds and started eating them - the
present author has not seen that hapnening. Travellers alsc mention
mice, but usually in a folklore fashion Olafsen and Pouelsen ('Olafsson and
Palson), 1772).
Luptorn and Wykes (1938) studied mice in "Thrastaskogur" concentrating on
external parasites of the mice. From those findings they suggested that
the lcelandic field-mouse had more in common with Scandinavia than
Britain. Degerbdl (1939) analysed external characters and suggests a
new systematic name Apodemus sylvaticus grandiculus subsp. nov., mainly
based on body size. He also suggests that it was introduced by the "first
settlers? large transports of provenders and domestic animals".
1t is generally accepted that the settlers came from Norway and Ireland
('01a, 1973).
Berry (1969) made an extensive study of Apodemus sylvaticus at the North-
west edge of its range using 20 non-metric variants of the skull as. his
method of analysis. From the data he estimated divergence between
populations, arriving to the conclusion that Icelandic mice originated
from Norway. He also suggests that Apodemus populations of the Scottish
islands and Northern Ireland were brought from Norway by the Vikings.
Of the 60 Icelandic specimens that Berry used for his analysis, 40 were

supplied/
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supplied hy the present author and blood and tissue samples of these
were alse used in this investigation. Rerry (1973) emphasizes in a
recent paper the effects of chance introduction on dexendant populations

i.e. the well known 'founder effects®.

Electrophoretic studies

The development of starch cel electrophoresis by Oliver Smithies (1955,

1959) provided a valuable tool to analyse the heteroqgeneity of proteins,

thus making it possihle to use biochzmical markers that could not be observed
hefore. Other acthors modified the sycter by changing buffers e.g. Poulik
(1957) and Fernuson and YWallace (1961). Combining histochemical methods

with electrophoresis lead to the introduction of the zvmagram by Hunter

and Markert {1957) and the introduction of the term isozymes by Markert

and Mdller (1959). Several authors have applied thic method to compare
species (Lawrence gt al., 1960; Paul and Fottrell, 1961; Coutinho et =21.,
1965; Holmes and Masters, 1968; Holmes and Massaro, 1969). Variations

within species soon hecamo evident and it was shown for manmy of these

that molecular types are genetirally controlled, Some of this biochemical
nenetic information will be reviewed in the discus=zion of the present
results, General reviews in this field have been published by Lush

(1966): Giblett (1969); Manwell and Bakesr (1970) and othcrs. The present
author has been unable to find but one publicstion on hiochemical

genetics of Apgdemus (Engel gt al., 1972) by others. To this should be

added papers by Arnason, 1966; Pantelouris and Arnason, 1967 a and b; Arnason
and Pantelouris, 1966.

Aims of the investigation

In the light of the above, the aims of the present investigation are:

(1)/
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(1) To study tho reolymorpohism of certain oproteins and esterases

in Aporemus svlvaticus.

(2) To compare protein and esterase patterns of various tissues in

Apgdemus sylvaticus.

(3) To characterize some of these proteins and esterases in

particular by applving physicochemical methods.
{(4) To test the genetic basis for the variations where possible.
Facilities available for this task have been rather inadequate.
(5) To compare the populations under study, using biochemical markers,

(6) Relate the results to previous findings in other rodents, Mus

in particular,
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MATERIALS AND METHODS
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CHAPTER 72 - MATERIALS AND METHODS.

I. ANIMALS AND SAMPLES

a) Apodemus svlvaticus.

The field-mice were obtaimed by trapping. "Longworth"
emall mammal traps were used in most cases, but in some cases
the animals could be collected straight from the containers that
farmers use to keep feeding stuffs, Where traps were used, they
were either baited with Oxoid 41B animal diet or a mixture of
compressed grain and fish meal in the form of small cubes, The
bait seemed to serve the main purpose of keeping the animals from
diging of starvation in the traps, rather than tempting them into
the traps. In lceland mice were mainly caught inside farm-houses,
but in Norway, Scotland and Ireland in woods and fields.

After capture, the field-mice were kept in big rat-cages
and fed "Uxoid 41B" animal diet, Ffor the places of capture, see
maps.

Collecti f .
(1) Blood.

The animal was etherised and blond collected from the eye
arteries, after removal of the eye-ball, into small heparinised
tubes. The tubes were centrifuged to separate blood cells and
sera, The sera were pipetted into clean tubes, which were sealed
with parafilm and deep-frozen. The red cells were washed three
times with isotonic saline and then deep-frozen. When used, the
red cells were homogenised with aliquots of distilled water and then

centrifuged./
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centrifuged. The supernatant was used. As mentioned later,
fresh-samples were used in some cases for comparison.
{2) Tissue samples,

The mouse corpses were deep-frozen immediately after th e
collection of blood. They were thawn and dissected just before
the collection of tissue samples, A small bit of tissue was
cut up into smaller bits with a pair of scissors, put into a tube
and then homogenised with an ultrasonic homogeniser (M.S.E.) in an
aliqhot of distilled water. The homogenates were cdntrifuged and
the supernatants collected and used. It made no difference,
whether the samples were centrifuged at 5.000 gp.m, or 20,000 r.p.m.
The tissues used were: ljiver, heart muscle, skeletal muscle (thigh=-
muscle). These were collected from all animals; kidney, tegtis,
epididvmis, fat, spleen and brain were collected from some animals
for comparison of tissues. In some cases fresh samples were used
to test the effects of freezing.
b)_Mus musculus.

This ordinary mouse was only used for comparison with
A, sylvaticus, and population studies were not carried out on this
species., Both laboratory and feral mice were used. Trapping methods

of
were the same as in the case/A. svlvaticus, but M. musculus is

much more trap-shy than A. gylvaticus.
Collecti nd dlin f _samples
The same methods were employed as described above, except

the/



the laboratory strains used for comparison were usuelly killed

one or two days prier to experiments.



11, ELECTROPHORESIS

Thg horizontal starch gel eledtrophoresis (Smithies,
1955) was uced ‘o separate proteins. The technical details
of buffers, gels and stains are given below,

The apparatus was arranged as shown in figure 1. The
vessels (A) and (B) contain the "vessel buffer" (borate), Each
vessel has a partition (C), perforated at its lower half. This
partition prevents the transfer of electrode reaction products
into the gel. The electrodes are of platinum and are situated
in the compartment further away from the starch-plate. The
connection (D) between the starch gel plate and the vessel
buffer is made with a double layer of lint covering about 2 cm.
each side of the plate. The size of the perspex starch plates
(E) was 17% x 164 cm. depth .5 cm. Distance between the lint
contacts was 10-12 cm, The voltage applied across the system
is supplied by a power unit (F). At the end of the electro-

phoretiec run, the starch plates were removed and sliced
horizontally into two or more slices, which were then tranéferred
to the staining trays. A thin layer of gel was removed from

the upper surface where trailing of the proteins is worse., Vhere
comparison of the two slices was wanted, "teeth" marks were made
on the edge of the starch plate before the slicing to serve as

points of reference.

(a)/



(a) Electrophoretic buffer svstems:

The pH of the buffer plays a major part in the
separation process in the starch gel, In contrast, on
paper it is the ionic strength that matters most. The
buffers used in this investigation wdre:
Vessel buffer pHB,6 - 8
Boric acid 18.6 gm.
Sodium hydroxide 2.0 gm.
are dissolved in HpO and made up to 1 litre. The pH of the
solution is checked and adjusted to pH 8.6-8.7 (usually some
NaOH has to be added). It was found convenient to prepare a
double strength stock solution and dilute it before use. The pH
of the buffer in the vessels is checked before use and the content
of the two vessels mixed. It was found, that the pH remains
constant for several days, if the apparatus is used and kept in a
cold room (2-4%); Care is taken to fill the vessels to exactly
the same level to avoid siphoning effects, The capacty of each
vessel was 4 litres.
Alter jve byff f he rch- :
(1) Iris-citrate-borate, pH8,6
Tris (hydroxymethyl) amingmethane 8,0 gms.
Citric acid 1.5 gms,
Borate vessel buffer. 100 mls.,
The above are dissolved in water made up to 1000 ml, This
buffer proved suitable for the fast moving esterase fractions

of/
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of Appdemus serum, for soluble major proteims and for alkaline

phosphatases, The stock solution was of fourfold concentration.
(2) Iris-citrate pH7.6

812,5 ml of 0.05M citric acid (10.51¢/ 1 )

187.5 ml of 0.76M Tris (92.07¢/ 1 )

These amounts are dissolved and mixed, the pH checked and, if

necessary, adjusted to pH7.6. The buffer is diluted 1:10 before

use for making starch plates. This system was found suitable

for the separation of esterases, prealbumins, acid phosphatases,

ceruloplasmins. It is of great importance that, with this buffer,

background staining is much less of a problem, compared to buffer
system (1). The same vessel buffer (borate pHB.7) was used with

both types of gel buffers, Dilutions of the gel buffers were
altered in some instances to effect specific separations, as

will be indicated.

(3) Iris-citrate pHB,6

The same as (1), except no borate is added.

(b) Starch plates:

The commercially available "Connaught" hydrolysed starch
was used. 10-14 gms of starch are used per 100 ml of gel buffer.
The starch ic dissolved in the buffer by swirling or stirring
whilst the buffer is being heated slowly over a Bunsen flame,
either in a sidearm "Pyrex" glass flask or a beaker, At a stage
of the heating process, the starch granules rupture and the grey

viscous/
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viscous -mass becomes transluscent. It is at thisstage (around
74°C) that heating must be stopped. The flask is then

connected to a vacuum pump, Under the negative pressure,

the hot starch bubbles, When only large air bubbles form

from the bottom of the container (this takes about a minute)
pumping is discontinued. The extent of bubbling allowed must
be standardised if reproducible results are to be acquired.

This is very much a guestion of experience and practice. Now
the starch is poured into a perspex tray (previously coated with
a little paraffin) to fill it well above the edges. After

about one minute a glass plate (also coated with paraffin) is
laid on top. Positioning of the glass plate must be made
carefully aso as to prevent the trapping of air bubbles #n the starch.,
The glass plate presses by its own weight down on th the rims of
the tray and thus provides to it an airtight seal. The plates
are ready for use after 2-3 hrs, but were used mostly the following
day without any ill effect. Sometimes a condensation of buffer
is %ormed on the gel surfaces on standing. This is blotted off |
with filter paper before application of samples.

(c) Acrvlamide plates. (Raymond and Wang modified)

"Cyarngum 41" (B.D.H.) was used. 7-7.5 gms. of "Cyamgum 41" were
dissolved in 100 ml. of buffer (same as for starch). .1 ml. of
TEMED (NNN'N' - tetramethyl - ethylene diamine) was added to each

100/
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100 ml. of buffer. This was filtered and 1 ml. of 7% ammonium
persulphate solution was added. Now the solution was swirled
round in & side-arm flask, degassed and poured into the same
moulds as used for the starch, covered with flass plates and
allowed to set. The acrylamide plates were used only for few
experiments, as most of the work had been carried out on starch.
(d) Application of samples and the electrophoretic run:

The samples (sera or tissue homogenates) are supported
in the starch-gel by small pieces of Whatman . filter paper Nos,
1 or 3, about .6 x .6 cm in size, The paper is soaked with the
sample and is put into a vertical slit made in the starch-gel
(acrylamide gel)., After all samples have been applied, the slit
is closed by pushing the starch pertions towards each other, and
a "compressor" piece of perspex is used to keep them in place.
The gel is now sealed with a sheet of "Handiwrap". Alternatively,
a gless platé is supported just above the gel surface, to
minimize evaporation. In runs lasting for more than two hours
it was found advantageous to use the Handiwrap rather than glass
plates. The electrophoretic run was always done in the cold room
at 20 - 40C,
Volt jed:

15-25 V/em length of the plate

Tris-cj H7.6 and pH 8,0

Egterases 20v/cm for 2-3 hrs

Phosphatases/



Phosphatases (acid) 15v/em for 1-2 hrs
Prealbumins 20-25v/em for 3 hrs
Jris-citrate-borate qel pHB,.6:
Esterases 20v/em for 4-6hrs
Proteins 20-25v/cm for 4-6h¥s
Phosphatases (alkaline) 15-20v/cm for 1-2 hrs
The current applied varied, as the voltage was constant, from

?2-4 mA/cm width of the plate
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II1. oTAIMING

(a) General protein stain

Thz starch oel slices were stainad in the following
solu:tion for proteins
(1) 8 gm nigrosine in
10t ml Methanol
80w ml Hp0
200 ml Acetic Acid.
(2) Saturated solution of smido Black 1UB in the
came methanol-water-acetic acid solution as
above.
Equal amounts of (1) and (2) were then mixed and poured to
cover the gel slices placed in a plastic tray. The
staining was complete in 172 hrs, when the stain was poured
off and 1-2% acetic acid in HéD was pourasd on for cleaning
the excess of stain off the gel. Up to 5 changes are
necessary to give nearly colourless background. The last
washing was usu2lly done in methanol-water-acetic acid
(50:50:10) as by doing so the background becomes nearly white,
Where s transparent gel is preferable, the methanol wash is
omitted. Another method is te transfer the starch gel
slice to absolute alcohol for 12-24 hrs and then to glycerol
for several days, which renders the gel transparent.
Thr acrvlamide plates were stained in "weak" solution
of Amide Black 10B in 10% acetic acid solution. The

same acetic acid solution was used for destaining.

(b)/



(b) Lipoprotein stains

Three specific stains were used, Uil Red O, Sudan
Black, Nile Blue Sulphate. For the first two stains,
sturated solutions of the dve in methanol ¢ acetic acid @
water 60:10:30, were filtered and poured on to the gels., For
the 0il Red O the following procedure was emploved (Pert

and Kutt, 1958):

The cel slices were kept in the dye solution for 48
hrs. with 3 changes of fresh stain. Washing in running
tap water was then carried out until background stain was
removed. Finally the gels were placed in a cleaning
solution of methanol : acetic acid : water (60:10:30).
where Sudan Black was used the gels were kept in stain
overnight and then transferred to similar washing seclution.

Several changes were needed.

For Nile Blue Sulphate the gels were immersed in 1%
of the dye in 10% acetic acid for 10-20 minutes. Subsequent
washing of the cgels was done in continuously flowing tap
water. Finally, the cels were placed in 1% acetie acid to

bring up the lipoproteins.

(c) Glvcoprotein stain

The method of Kapitany and Zebrowski (1973) was followed:

Immediately following electrophoresis the cels were fixed for

1/
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1 hr in 12.5% TCA., The gels were then subjected to sample
oxidation with 1% pericdic acid for 2 hr and then washed
for 2 hrs in 15% acetic acid. These steps were all
carried out at room temperature,

The gels were then transferred to trays containing Schiff's
Reagent (Lillie, 19518) and stored in a refrigerator (in
dark) for 2 hrs. The gels were destained in 7% acetic
acid with frequent changes. In the last washes 15% acetic
acid was used.

Destaining travs were covered to avoid light.

(d) Staining or Jabelling transferrins and gther
irgn=binding proteins:

Two methods were employed:
(1) The Njitrgsg-R method (Mueller et al., 1962) was employed:
.5 gm Nitroso - salt

1.0 gm hydroxylamine hydrechloride

2.7 gm sadium acetate .,3H20

1.5 ml glacial acetic acid

made up to 100 ml with distilled water,
Ferric ammonium sulphate was added to the serum prier to
electrophoresis in an amount equivalent to approximately 5
)&;Fe*** per ml of serum. In other aliquots of the sérum
ferrous salt was added instead. The purpose of adding iron
jons is the saturation of the transferrin molecules, The

gels/
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gels were soaked in the abaove solution for 15-120 minutes

and then transferred to a solution of methanol : acetic

acid : water (50:10:50). Iron-containing proteins stain

green.

(2) Labelling wi;hnge and aptoradipgraphy (Giblett et al.
1959)

Radioactive Iron 27Fe is ad-ed to the sera to give a
final concentration of 5 yc/ml serum. Electrophoresis is carried
out as usual and the gel sliced in two halves. Une slice is
stained with a protein stain and the other covered with
"Hanéiwrap" and an X-ray film placed on the gel and the position
secured in the dark. The gels were kept in the darkroom for
1 week and then the X-ray fiks (Bevavert) were developed and

later photegraphed.

(e) Staining for Ceryloplasmin

Two methode were used :
(1) Paraphenvlene diamine hvdrochlorjde staining. (Morell
and Scheinberg, 1960). Apnroximately 0.227 gm of
paraphenylene diamine hydrochloride is dissolved in 250 ml
of .6M acetate buffer (pH5.7) immediately before use. This
solution is poured on to the gel slices in a container which
is then closed by a lid and incubated at 379C. The
ceruloplasmins show up as purple bands after one hour, Staining
is due to oxidative darkening of paraphenylenediamine,

catalysed/
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catalyvsed by the ceruloplasmin. This samemethod can be

used to show up amylases.

(?2) O-dianisidine staining. (Owen & Smith 1961). One gm
of o~-dianisidine is dissolved in 50 ml of distillgd water,
by adding concentrated hydrochloric acid dropwise until the
solution turns an amethyst colour. This is now diluted to
100 mls with distilled water. Incubation is carried

out at 37°C in the following :

100 ml o~-dianididine soclution
100 ml .6M acetate buffer (pH 5.7)
300 ml ethanol (absolute)

The ceruloplasmins stain orange-brown,

(f) Peroxjdase-staining.

The stain was prepared by dissolving 0.25 g
o-dianisidine in a minimum of acetome or methanol. This was
diluted to 100 ml with 0.1M acetate buffer pH4,5. Before
use, 1.0 ml hydrogen peroxide solution (20 vol.) was added

to the staining solution. The peroxidase bands stain brawn.

(g) Esterase staining
The method employed was based on the azo-dye coupling
to maphthol (Nachlas and Selinman, 1949). A naphthyl ester is
used as avsubstrate for the enzymes to act upon and hydrolyse

the/
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the ester into naphthol and acid. The azo-dye (Fast
Garnet) then couples with the released naphthol and gives

the stain precipitate. The following substrates were used:

Substrate Splvent Incubation buffer

l-naphthyl acetate ethanol/acetone phosphate oi Tris-maleate

2-naphthyl acetate -"a - " _
1-naphthyl propionate -" . - " _
naphthol-AS-0OL acetate -" - - "o
naphthol-AS-D acetate - "o -
6-bromo-2=-carbo-

-naphthoxy -

choline iodide - "o R

l-naphthyl phosphate

sodium salt water Veronal-acetate

In all cases the coupler dye was Fast Garnet

The incubation buffers were prepared as follows :

Phosphate Buffer pH 6,0, Mix 289 ml of .S5M KHo,PO4 and 26

ml of .5M NapHPO4 and make the mixture up to 1000 ml with

distilled water. Before use, dilute 3:1 for gels of pH

7.6, and 1:1 for gels of pH B.6 with distilled water.

Trig=Male Buffer pH - 6,4
(a) 24.3 g Tris
19.6 g Maleic anhydride
in 1000 ml of distilled water.

(b)/



(b) 0.2M solution of NaOH, Mix 250G ml of (a) and
190 ml of (b) and make up to 1 with water.

Adjust to pil 6.4,

Verpnal-acetate Buffers.

(a) Veronal acetate stock solution :
Sodium acetate (anbydrous) 10.20 g.
Sodium diethylberbiturate 29.42 q.

Make up to 1000 ml with distilled water.

(b) 1 N HC1

Veronal-acetate-HEl pH 8.8:
100 ml of (a)
399 ml of distilled water
1 ml of (b)

Veronal-acetate-HEl  pH 4.5:
100 m1 of (a)
378 ml of distilled water

22 ml of (b)

Ngte es e inj :

The numerous esterase fractions give a staining
reaction of unequal intensity, Some stain in a few seconds,
but others take several hours, To be able to demonstrate

all fractions, it is necessary to watch the plates carefully

as/
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as they stain and to photouraph them intermittently.
This, incidentally, provides some indication of the relative

reaction rates of individual fractions.

N h h :

The procedure of Lawrence gt al. (1960) was followed,

except that Fast Garnmet GBC (Gurr) was used, instead of

Blue RR salt and Red 365, The incubation buffer was also
different; Veronal-acetate buffer was found to be the best

for phosphatase staining.

(h) Inhibitors
The followino inhibitors were used in the present study:
Physostigmine sulphate (Eserine) 1074 and 10™M
Neostiomine bromide 10™%M
D.F.P. (di-isopropylflmorephosphate 1074
P.C.M.s. (p-chloromercuribenzgic acid) 10™4M

"Diamox" (acetazolamide) 10™4m

In all the tests, the inhinitor was added, in required amount

to the buffered Fast Garnet solution. The gel slices were
incubated in this medium for 30 minutes and then the substrate
l-naphthyl acetate was added. Control gels were treated in

the same way except that no inhibitor was added.

The usage of various substrates and inhibitors in order to classify

esterases/
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esterases is widely reported. It is appropriate to

mention féw authors in this field at this stage:

Koppayi and Karezmar (1950); Aldridge (1953); Markert
and Hunter (1959); Augustinsern (1961)}; Hunter and
Strachan (1961); Wright (1963) Oki et al. (1965);‘
Tashian (1965); Arnason and Pantelouris (1966); Holmes

and Masters (1966) and Holmes and Whitt (1970).

(i) Heat Treatment

Two methods were employed:

(1) Incubation of the starch plates at S6°C after
glectrophoresis (Hdmes and Masters, 1967.

The gels were incubated at 56°C for different
lengths of time after electrophoresis, then cooled down
in the staining buffer prior to staining. Control gels

were kept at room temperature for the same lengths of time.

(2) Incubation of samples at 56°C prior to electrophoresis.

The samples (homogenates, lysates and sera) were

drawn into capillary tubes, these were then sealed in a

bunsen flame. The capillaries were then put into a waterbath

which was kept at 56°C.  The incubation lasted for 5, 10

and 20 minutes for each of the three lots of capillaries

respectively.

After the treatment the samples were run in starch gels

along/
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along with controls and stained in the usual fashion.

(i) Neurominidase Treatment
The samples were incubated with peuramjinjdase at
37°C for three days prior to electrophoresis. Two éontrol
samples were run aleong with each treated with neureminidase,
one kept at -2U°C the other kept at 37°C for three days,

but not treated with neuraminidase.

(k) Other treatments.

These will be described in Chapter 3, when the results

are reported.

(1) Photographing and preserving gf the stained starch-
tes

Nigrosine-stained plates were photographed by
reflected light (Philips photolita No. 1). The transparent
and semi-transparent gels stained for esterases etc., wera
placed on a cold-light illuminator and photographed by
transmitted light. In both cases the film used was Ilford
Micro Neg Pan with an exposure time of 1 sec, f value 2.8 -

11.

wWwhere necessary, gels were photographed at intervals
during the staining reaction; thus obtaining a record of

both strong and weak fractions.

Nigrosine-/
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Ninrosine-stained plates were either stored in
a contain:r filled with the methamol-acetic acid-water
washing selution or wrapped in handiwrap after a brief
“"dehydration™ in absolute alcohol. Esterase-stained
plates were found to keep best in 10%-20% methanol in the
cold room. If too much alcohol is added, the stained bands
dissolve and fuse. It is not advisable to add alcohol,

until after the plates have been photographed.
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RESULTS
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3, 1 BLOOD PROTEIMS AMD ENZYMES IN APCDEMUS SYLVATICUS

A. The protein and enzvme patterns of red gell lvsates.
a) The nigrosine-amidoblack stained pattern (Figs 3,4
5,6,47,51,60 and 6 Tgbles nd 26

When tris-citrate starch plates at pH 7.6 were used,
the mgrosine-amidoblack stain revealed many fractions,
most of which were faint and disappeared in samples that

were kept frozen (at -20U0C) for a long time (3-20 months,

Fig. 5, I).

Fractions A, B, Hb and C are the strongest and remain
unchanged at -209C for at least 4 years. Fractions A and
B are of special interest, as they suggest polymorphism,
One or the other of them may be absent, but never are both
absent from a sample (see Tables 1 and 2). Some effort was
made to discover some properties of these proteins by the
use of a series of substrate and inhibition tests. The idea
that these fractions might be carbonic anhydrase, was tested
by staining foreésteeases using a mixture of l-naphthyl
acetate and 2-naphthyl acetate as substrates. Carbonic
anhydrase is selective for 2-naphthyl acetate (Tashian,
1965). Another aporoach was the use of "Diamox" as an
inhibitor specific te carbonic anhydrase. The results of
the tests were negative, and it was also found that no

esterases/
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esterases could be cemonstrated that overlap with bands

A and B (Fig. 3 I, II). 4hen staining for peroxidases

by the o-diamsidine method, no peroxidase fractions
overlapped with A and B (Fig. 4).. The Hb reacted strongly,
as is to be expected. euraminidase treatment (Fig. 47)
did not affect A and B, fraction C does not show
peroxidase activity.

Incubation of red cell lysates at 56°C for 10 minutes
destroyed fractions A, B and C but not the Hb,

Fraction R (Fig., 6.I) is a non-haemoclonin fraction in

Mys musqulus (Biddle and Petras 1967).

(b) The esterase pattern (Figs. 2, 3, 10 and 11)

There are at least 1l erythrocytic esterase fractions.
Polymorphism is suggested among fractions 1, 2, 3 and 4,

but combinations are complex. Fractions 7, 8 and 9 show
also polymorphism, but in a simple two allelic fashion where
the alleged phenotypes are 1,8, 1,8.9 a2nd B8,9.

Unfortunately these could only be identified in fresh
samples with any reliability. As present investigation
had to be carried out in such a way that samples were
collected during the winter months and electrophoretic
examinations during the summer, very few of the samples

NBI‘E/
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were fresh and therefore no extensive survey could be

done on red cell esterases.

c) Hgemgglobins (Figs. 2,6,7 and 11).
On tris-citrate borate starch gel pH B.6. (Figé,
7 and 11) all Apodemus sylvaticus tested (60 in all)
had two Hb-fractions, Hbl and Hb2. The 60 samples were
20 Irish, 21 Scottish and 18 Icelandic and 1 Norwegian.
They had to be used fresh, because if they are kept frozen
Hbl disappears (Fig. 11). It is worth mentioning that
if one freezes the red cells of Apodemus sylvaticus -
the haemoglobin is precipitated and can only be re-dissolved
with difficulty in distilled water, and then only to a

small extent.

At pH T7.6. there is only one Hb fraction in the
electropherogram. This system on the other hand is the meost
suitable for esterases (as already shown) because it ensures
that the Hb does not overlap with other fractions. This
technique has been useful also in studies of red cell
esterases of some other mammals, namely sheep and whales

(own unpublished observations).
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of red cell lysates from Appdemus sylvaticus

TABLE 1
Incidence of combinations of major protein fractions A and B
Area on Total no. :
—Mapg aof mice A AB B
m f mef | m f m+f m f m+f m f m+f
1 29 19 48 15 5 2U 14 14 28
2 39 29 68 4 2 6 35 27 62
3 1 1 1 1
4 2 4 6 1 1 2 1 3 4
5 1 1 2 1 1 2
6 10 16 a0 10 10 20
7 15 9 24 8 5 13 7 4 11
b 5 8 2 1 3 3 2 5
9 8 12 20 8 8 16 4 4
10 7 17 24 1 1 7 16 23
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TABLE 2

Incidence of fractions A and B of red cell lysates in Appdemus sylvaticus

Country

ICELAND

IRELAND

SCOTLAND

NORWAY

Area on Total no.
Maps of mice B
m f m+f m f m+f m f m+f

1 29 19 48 29 19 48 14 14 28
2 39 29 68 39 29 68 35 27 62
3 1l 1 1 1 1l 1
4 2 4 2 4 1 3 4
5 1 1 2 1l 1 2 1 1 2
6 10 10 2uU 10 1C 2U 10 10 20
7 15 9 24 8 S 13 15 9 24
b 5 3 8 5 3 8 K] 2 5
9 12 20 8 8 16 8 12 20

10 T 17 24 1 1 T 17 24
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B. Protein and enzvme patterns gf the serum.

A study of serum proteins and esterases of the
mouse was carried out during the years 1964-1966.
(Arnason, 1966; Pantelouris and Arnason, 1966, 1967
and 1967). These reports dealt with specificity tests
on serum proteins of Irish samples of Apgdemus svlvaticus
and of certain laboratory strains of Mus musculus. The
results of this previous research will not be repeated here,

a. The nigrosine—amido black stajned pattern (Figs, 6,8,8A,
14, 47, 51, 60 and 61.

Many protein fractions were resolved (see above-
mentioned references), but only the strongest and most

stable ones are of interest in this survey.

1) Post-albumins.

Table 3 shows the frequencies of postalbumin
fractions. The significance of these data will be
analysed in later chapter. At this stage it is worth
noting that the rare slower post-albumin was only found

amongst the Glasgow and Oslo mice.

2) Irangferrins.

In/
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In contrast to the house mouse, the field-
mouse does not show polymorphism in the transferrin-
pattern to any extent. Nearly all samples were of the
type Tf (14), 15, 16 (16 being the strongest). Fraction
17 was present in 3 Irish mice (out of 160) and in 1
Icelandic (out of 140). In no other specimen could this
fraction be found. It can however be "produced"

experimentally by incubation with neuraminidase

(Fig. 47, S, k).

b) The esterase pattern (Figs. 9, 9A, 10,11,12,41,42,43,
45,55,58,59 and 62

Tables 4,5,6,7,8,9,

My earlier work (Arnason, 1966) dealt mainly with
the serum esterases of both the field mouse as well as
those of the house mouse. The present study deals with
additional information based on improved resolution, new
specificity tests, population studes and breeding tests,
although limited.

1) Fast moving esterases (Figs, 9,9A,11,41,42,45,55,56
57,58 and 62)
These esterase fractions have been divided into

groups on basis of tests presented in Chapter 3.4, 3.5 and

3.6./
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3.6.

These are as follows:

Fraction 1, (Es-1)

This esterase friction may occur as a strong or
a medium fraction. In other cases it may be absent
altogether (Figs. 9 and 62). Table 4 gives the results
of populations survey. As shown there one slower variant
of this fraction was found among the Scottish field mice.
This fraction differs from most other fractions in its
resistance to heat and neuraminidase treatment (Figs, 45

and 58).

Fraction 2 (Es-2)

This fraction may vary in intensity and therefore difficult
to group into "strong" and "medium". It may be absent
altogether. Table 5 gives population data. A fast
variant of this fraction was observed among Scottish
specimens. Fraction 2 has very low affinity for
naphthol-AS-acetate, but is affected by neuraminidase and
heat. Fraction 2b usually occurs as a faint fraction
located just behind fraction 2 and is only observed after

intense/
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interse staining - this fraction is more apnarent in
old samples. Two sera from Scotland, {(area 7) had strong
fraction in the position of 2b, which has been labelled

2b' (Fig. 9A,II),

Fraction 3 (Es - 3 )
This fraction may be present or absent, "strong" or

"medium®.

Table 6 has been composed by grouping this fraction

arbitrily im qroups: sirgng, medium and abgent. It is
noteworthy that this fraction stains initially red and
then turns purple when mixture of l-naphthyl and 2-naphthgl

acetate is used as substrates and Fast Garnet as coupler dye.

Fractions 4,5,5b and 6 (Es-4)

Table 7 demonstrates polymorphism among these fractions.
They all show similar substrate affinity and behave in the
same way towards inhibitors (Arnason 1966 and Chapter 3.4.),
These are the strongest serum fractions migrating just

behind the albumin (Figs. 9 and 62)

Fraction 7 (Es - 5)

This/



This fraction occurs rarely as Table 9 indicates.
It could not be studied to great extent because of how

infrequently it was found,

2) S movin terases.

Zone X' (Es-6)

Zone X' comprises fractions 8, 9 and 10 (Figs. 9A, 10,

12 and 62). These fractions are ahsent from all lcelandic
sera, but present in all other samples tested. The intensity
of fractions in this zone varies, probably depending on
physiological condition. It is worth noting at this stage
that the absence of zone X' in the Icelandic sera

demonstrates similarity to the Mys musculusg pattern (Fig, 12

b and m, also Arnason and Pantelouris, 1966}

Fractions 11 and 12 may vary in concentration. The former
especially was always strong or moderately strong in mice

from Meren, but less so in other samples.

Zgne X comprises many faint fractions, that may be altered

by altering the conceéntration of the starch,

Fr i 3,14 vary in concentration as seen in
Fig. 12, This variation can be related to pregnancy.
Fractions 15 and 16 increase in intensity during pregnancy

and/
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and are strongest on days 15-17 of pregnancy, when
fraction P ("pregnancy fraction") is at its strongest;
fractions 13 and 14 disappear at the same time, but return
2 Aays after parturition. These changes are comparable
to the pregnancy changes in_Mys mugscylus (Arnason, 1966).
Fracti 8 and are faint and could therefore not

be studied on old sera.

Fraction 20,

This esterase fraction is strong comparable in intensity

to the fast moving fractions. In one animal from Skalakot
(area 2b) this fraction was lacking along with fractions 15

and 16 (Fig. 9Al,d). Fraction 20 decreases in intensity

on storage, whilst some slower fractions make their appearance.
The first of these lies just in front of 21 with which it
partly overlaps. Thus, fraction 20 behaves in a similar

fashion to fraction C4 in human serum (Harris gt al., 1962,

1963a). _Fracgtions 21 and 22 are faint, and sometimes absent.

These esterase-patterns show variation, some of which

appears to be genetic whilst some is physiological.
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C. Cexuloplasmins, (Figs. 13 and 14).

The oxidase activity of these proteins on
p-phenylenediamine hydrochloride was used for their

identification (Morell and Scheinbera, 1960).

After thorough investigation on samples from
somé 300 field mice (including a comparison of heparin-
treated and untreated aliquots) no variation could be
demonstrated. This casts doubt on a previous report
of two phenotypes (Pantelouris and Arnason, 1967h). It
would seem that the appearance of two 'phenotypes' was in
fact caused by somewhat unequal heparinisation. For, if
thoroughly heparinised, ceruloplasmin fraction 3 changes
its mobility and takes up the same position as fraction 2
(Fig. 14). With a smaller amount of heparin both
fractions 2 and 3 remain distinct. Fig. 13 shows the
effect of incubation with the ions, Fe*t, Cut and Cutt.

The two latter ions have no effect, but Fe*t increases

the mobility of fraction 3 to make it equal to that of

fraction 2: an effect similar to that of heparinisation,

It can be concluded that the natural mobility of

the ceruluplasmin leads to the appearance of band 3. Iﬁ

Fig./
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Fiq. 14, II the effect of heparin on the protein pattern
as compared to ceruloplasmin pattern is shaown.
Heparinisation may affect also the pre - and post -
albumin zones, in that it "decolourisds" background

staining at the site of fraction 1.
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TABLE 3
Incidence of 'fast' and 'slow' postalbumins in Apodemus sylvaticus,
Areas on fotal no. 'Fast' Post 'Slow' Post
Country naps of mice Albumin Albuymin
ICELAND 1 56 56 G
2 T2 67 0
3 1 1 0
4 6 5 0
5 2 2 G
IRELAND 6 139 126 0
SCOTLAMND 7 24 23 3
o 8 8 0
NORWAY 9 20 20 g
10 22 20 3




Frecuencies of phenotypic expressions of serum esterase fraction 1 in Apgdemus sylvaticus

Country

ICELAND

IRELAND

SCOTLAND

NORWAY
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TABLE 4

Area on Total no. Fraction 1
Maps _of mice Strong Medium Absent | Abngrmal
m £ mf m f mef |l m £ mief | m £ mef m f
1l 23 27 50 5 8 13 14 13 27 4 6 10
2 41 10 TN 12 11 23 21 13 34 8 6 14
2b 4 5 9 1l 1 2 J 4 7
3 1 1 1l 1
4 2 4 6 2 2 4 2 2
5 1 1 2 11 2
6 116 22 65 29
7 18 11 29 5 1 6 9 5 14 3 5 8 1 slow
b 7 3 10 7 3 10
8 22 20 42 S 2 7 {11 8 19 |6 1016
9 812 20 2 2 4 6 10 4 4 B
10 915 24 9 15 24
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TABLE 5§

Incidence of serum esterase fraction 2 of Appdemus sylvaticus

Country Area on Total no. fractign 2
Mapsg of mice Present Absent Fast
m f m+f m f m+f m f mtfF | m f m+f
ICELAND 1l 23 27 50 23 27 50
2 41 30 71 41 30 T1
2b 4 5 9 4 5 9
K| 1l 1 l 1
4 2 4 6 2 4 6
5 1 1 2 1 1 2
IRELAND 6 115 115
SCOTLAND T 17 8 25 16 7 17 3 3 4 1 5
Tb 7 3 10 31 a4 4 1 5 1 1
NORWAY 8 23 21 44 22 19 41 1l 2 3
9 812 20 512 17 3 3
10 9 15 24 9 13 22 2 2
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TABLE 6
Incidence of serum esterase fraction 3 in Apodemus sylvaticus.

Country Area on Total no. Fraction 3
Maps of mice Strong Medium
m f m+f m f mef [ m £ mef
ICELAND 1 22 27 49 1 1l 4 7 11|17 20 37
2 41 30 T1
2b 4 5 9 1l 1 11 2
3 1l 1
4 2 4 6
5 1 1 2 1 1
IRELAND 6 127 100 20
SCOTLAND 7 16 8 24 5 2 1 8 5 13
Tb 7 3 10 2 4 4
NORWAY 8 22 25 47 5 510 9 9 18
9 812 20 4 4 8 8 16
10 915 24 2 6 8 6 7 13
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Incidence of combinations o

Country

ICELAND

IRELAND

SCOTLAND

NORWAY

TABLE 7

f serum esterase fractions 4,

5, in Apodemus Svlvaticus
- 5h - 6 6
Area an Total nc. 5 - sp 5«6 b
Maps of mice 4-5 3 ¢ m+f m+f f m+f m f m+f
f m+f m
m f m+f m+f f m+f m f m+f 4 4 8
15 22
1 24 28 52 13 9 22 a7 17 c4 1 4 5
2 41 29 70 3 8 11 , ; 5 1 1
2b 4 5 9 2 1 3 . 1
3 1 1 ) L ) 3 3
1
4 2 4 6 1 1 N 1 1
5 1 1 2
1 1 1 2 18 6 24
35 14 49
6 102 46 148 2 4 |41 23  ¢a 2 L , . L
5 3 8
7 15 10 25 7 3 10 2 3 .
2
(S 7 3 10 1 5 2 7
3 6 1 3 4 1
8 23 22 as 13 9 22 1 1 > j li
9 8 12 20 8 8 16 6 1 2 1 2 3 2 2
10 8 14 22 > 4 6 3 3 2 4




Incidence of serum esterase fractions 4, S5, B and 6 in Appdemus gvlvaticus.

Country

ICELAND

IRELAND
SCOTLAND

NORWAY
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TABLE

8

Area on Total no.
Maps of mice 5 5b 6
m f m+f m m+f m f m+f f m+f m f m+f
1 24 28 52 20 24 44 11 19 30
2 41 29 70 40 25 65 g 21 59
2b 4 5 9 4 4 8 2 4 6
3 1l 1 1 1 1 1
4 2 4 6 2 1 3 1 4 5
5 1 1 2 1 1 1 1 2
6 102 46 148 6 6 82 37 119 1 5 54 21 75
7 15 10 25 13 8 21 4 & 7 5 12
L) 7 3 10 1 7 2 9 1 1
8 23 22 45 18 16 34 7T 1 T 9 16
9 8 12 20 8 12 20 4 4
10 8 14 22 4 11 15 6 8 5 6 11
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TABLE 9

Incidence of serum esterase fraction 7 in Apodemus svlvaticus

Country
P t——.

ICELAND

IRELAND

SCOTLAND

NORWAY

Area on Total no. Fraction 7T
Maps of mice Present Absent
m f  m+f f  m+f m  f m+f
1 24 28 52 2 5 - 21 26 47
2 4 29 T 12 40 28 68
2b 4 5 9 4 5 9
3 1 1 1 1
4 2 4 6 2 4 6
5 1 1l 1 1
6 102 46 148 2 T 97 44 147
7 15 10 25 1 1 15 9 24
b 7 3 10 1 3 10
8 23 22 45 23 22 45
9 8 12 20 8 12 20
10 8 14 22 8 14 22
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3.2 PROTEIN AND ESTERASE PATTER S oF STRIATED -
AND HEART MUSCLE HUMOGENATES OF APODE-US SYLVATICUS

A, igrosine stained pattern.

a) Pr ] te f skeletal muscle ham f

Apgde vaticus

(Figs. 15,16,17,47,48,49,50,51,60, 6B and 73. Tahles
10, 11 and 12).

Electropherograms of skeletal muscle homogenates comprise
at least 19 protein fractions, when amido-black-nigrosine is
used as the stain (Fig. 15). These have been grouped
arbitrily into four zones A-D to simplify demonstration and

discussion,

Zgne A, fractions 1-5:

Fractions 1, 2 and J may be separated to a different degree

derending on the percentace of starch in the gel and the

electrophoretic conditions.

Fraction 4 has always the same migration rate as the serum albumin

and may indeed be an albumin contamination of the muscle

homogenates.

Fractign 5 similarily seems to correspond to the serum post-

albumin/
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albumin (Fig. 50).

No polymorphism was observed in zone A.

Zone B, fractions 6-12

Fraction 6 is the strongest fraction in the skeletal muscle

homogenate. All other fractions in this zone are faint and

no polvmorphism was observed,

Fractigns B and 9 correspond to serum transferrins (Fig. 15)

and

Fractign 1l overlaps a peroxidase-active fraction (Fig, 50)

Zope C, fractions 13-17:

The appearance of this zone depends on the duration of the
electropharetic run and how fresh the starch plate is (Figs.
15 and 50). In a short run the fractions pile up near

the origin and may be mixed up with fractions of zone D.

fgﬁgiign_lg is the strongest in this zone. The athers are
usually faint and do not keep well on prolonged storage, Heat
and neuraminidase treatments destroy all fractions in this
zone (Fios. 47,48,60 and 61) . Fraction 13 stains faintly
with P.A.S. (Fig, 51)

when either Tris-citrate borate pH 8.6. (Fig. 17,I) or, even
hetter, Tris-citrate pH 8.6. (Fig. 68) were used fraction

cY/
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C' is demonstrated. This fracticn is present in some
Icelandic samples and one Swedish one.

Table 1? shows incidence of fraction C'.

Zgne D, fractions 18 and 19

Tables 10 and 11 show the incidence of these fractions. When
fraction 19 occurs and fraction 18 is abeent, fraction 19

is much "heavier™ than when both 18 and 19 occur together

(Fia. 15). In some cases they may be absent (Fiao., 15 f and h)
and in one Scottish specimen a different, rare tvpe was
observed (Fig. 16,e). Fractions in zone D migrate cathodally

at pH 7.6.

b) The protein pattern of cardiac muscle homogenates of Appdemus
§M]¥§§jgug

(Figs. 15,16,47,48,49,50,51,60,61 and (73)

The electropherograms of heart muscle homogenates are arbitarily

divided into 5 zones comprising at least 19 fractions.

Zgne A, fractions 1-5

Fr ion 4 and of the cardiac muscle correspond to the same
numbers of the skeletal muscle, but_fraction 2 of the heart is

faster moving than fraction 2 of the skeletal muscle (Fig. 16).

Fraction 3 is destroved by neuraminidase.

Zone AZ’ fractions 6 - B

Eractions 6 and T are uscally faint, but fraction B8 is the strongest

in/
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in this zone. The skeletal muscle hororenates have no

corresponding fractions to these,

Zone B, fractions 9-14

In this zone fraction 12 is the strongest. It is destroyed
by neuraminidase and stains with P.A.S. Fraction 11
corresponds to 9 in skeletal muscle - both overlap the

strongest Tf band (16).

Fracti 4 overlaps a peroxidase~active fraction (Fig. 50).
More peroxidase active bands move anodally at pH 8.6. than
pH 7.6. (Figs, 49 and 50) - these have no carresponding protein

fractions.

Zone C, fractions 15 and 16.

Fraction 15 is strong and overlaps fraction 13 of the skeletal
muscle, it is affected by neuraminidase and heat (Figs., 47

and 60). Fraction 16 is very likelv a haemaglobin contamination
in the heart homogenates.

Zope D, fractions 17-19

These cathodally migrating proteins are much fainter than the
cathodally migrating fractions of the skeletal muscle,

Fraction 17 overlaps fraction 19 of the skeletal muscle, but

fractions 18 and 19 do not have any corresponding ones. There

is a polymorphism in this zohe, but this could not be studied,

because/
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because fractions were too faint.

B. Jhg esterase pattern cof skeletal and cardiag muscle

homguen .
(Figs. 18,19,20,21,22,23,39,40,41,42,43,44,45,46,52,53,54,

55,56,57,58,59,63,64 and 65 Tables 4,5,6,7,13,19,20 and 25)

In contrast to the protein patterns of these two tissues which
differ widely, the esterase pattern of these two are more or
less identical, except for few fractions in zone C,

Polymorphisms are observed in zones A and C

Zone A, fractions 1-8

Most fractions in this zone correspond to the fast moving esterases
of the serum and can only be resolved using Tris-citrate borate

pH B.6. (Tables 4,5,6,7 and 25. Figs, 19,21 and 52)

Skeletal - cardiac muscle esterase fractions 2 and 4 do not have
their equivalent in the serum, it is however possible that in the
serum, fraction 2 {(cardiae) is overlaoped by the stronq serum
fraction 1.

Fraction 4 may he ahsent, weak or strong, hut hecause of variation
in strength it was too difficult to tabulate, Differences
hetween populations were apparent and are reported in Chapter 3.6.
Specificity tests of above mentioned fractions are tabulated in
Chapter 3.4

Zone/
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Zane B

This zone does rot show any esterase activity after normal
staining time, but prolonned incubation produces very faint
esterase smear in stored samples jn this area, Fresh samples
may reveal faint fractions in zone B on prolonced staining,
but as explained previously only few fresh samples could

be ohtained.

Zone C, fractions 12-27

Four main types are observed here - each comprising many
fractions, only the strongest ones being numbered. The relative
positions of the fractions may also change, depending on the
electrophoretic system used (Figs. 18,63,64 and 65). On this
basis 1 have chosen to describe and discuss these in terms of
zones. Population data are shown in Table 13 and specificity
properties in Tables 19 and 20. It is worth stressing that the
same animal has alwayvs the same type of C-zone(the number of
fractions may varyv) in all tissues sampled. The four above
mentioned types in order of decreased migration rate of the

strongest fractions of the zone are:

Cq : This is the fastest type. The strongest fractions
are 16, 19 and 2u' at pH 7.6. (Fig. 63). At Tris-

citrate/
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citrate pH E.6. this zone is completely
separated from Cyy. The owedish samples

had only Type (1.

Ci1 :The main fraction is 2U and the slowest is 21
at prl T.6. Thic is the only tvpe found in the

Scottish specimens.

CIII : The characterstic fractions are 23 the
strongest and 24 the slowest at pt 7.6 (Fig. 18).

This type was only found in -.orway.

Cv : The slowest type with characteristic fractions
26 and 27. Found only in Iceland and Ireland.

In all four types there may occur minor differences, regarding

number of bands or relative positions. It is not known whether

these intra-type variations are genetical, physiological or due

to handlinn of samples. Storage at -20°C did not seem to alter

the type; samples retain their (-type even after storace for

four years. These esterases are therefore stable when kept

frozen.

Faster movina fractions of zone C are more pronounced in skeletal
than cardiae muscle “omogenates (Fin. 23). .<esults of breeding

tests will be reported in Chapter 3.3.
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TABLE

10

Incidence of combinations of cathodally migrating muscle proteins in Appdemus sylvaticus.

Country

ICELAND

IRELAND

SCOTLAND

NORWAY

Area on maps| Total no. Fraction
of mice Absent 18-19 19
m £ m+f m f  mef m f m+f m f m+f
1 13 15 28 2 1 3 3 3 6 11 19
2 21 16 37 & 2 8 3 5 8 12 9 21
3 1 1 1l 1
4 2 4 6 2 4 6
5 1 1 2 1 1 2
6 10 10 20 10 10 20
7 la 9 23 14 9 23
b 7 10 7 3 10
8 25 23 48 25 23 48
9 8 12 20 2 2 4 6 10 16
10 7 17 24 1 5 6 6 12 18
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TABLE 11
Incidence of muscle protein fractions 18 and 19 in Apgdemus svlvaticus.
Country Area on Total no. Fractions
Maps of mice 18 19
m f m+f f m+f m f m+f

ICELAND 1l 13 15 28 3 6 11 14 25
2 21 16 a7 5 8 15 14 29
3 1 1l 1 1
4 2 4 6 2 4 6
5 1 1 2 1 1 2
IRELAND 6 10 10 20 10 10 20
SCOTLAND 7 14 9 23 14 9 23
=) 7 3 10 7 3 10
NORWAY 8 25 23 48 25 23 48
9 8 12 20 2 4 8 12 20
10 T 17 24 5 6 7 17 24

-t
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TABLE 12
Incidence of cl! protein in thigh musele homogenates of Apodegus svlvaticus.
“ Fraction cl

Country Area onrané Total no. Present Absent
m f  m+f m f m+f m f m+f
ICELAND 1 17 17 24 9 8 17 8 9 17
2 29 28 57 15 16 31 14 12 26
IRELAND 6 10 10 20 10 10 20
SCOTLAND 7 12 7 19 12 7 19
™ 7T 3 140 7 3 10
NORWAY 8 25 23 48 25 23 48
9 8 12 20 8 12 20
10 5 8 13 5 8 13




Incidence of different phenotypes of heart and striated muscle esterases in zone C of

Apodemys svlvaticus.
Countrx

ICELAND

IRELAND

SCOTLAND

NORWAY

—55.

TABLE 13

Area on Total no. Zone C
Maps of mice C 11 C III c 1v
m f m+f m f m+f m f m+f m f m+f
1 17 25 42 8 9 17 9 16 25
2 33 25 58 27 13 40 6 12 18
3 1 1 1 L
wn
4 2 4 2 2 2 |
5 1 1 1l 1
6 10 10 20 10 8 18 2 2
7 15 9 24 15 9 24
b 1 3 10 7 3 10
8 24 24 48 17 20 37 7 4 11
9 8 12 20 4 4 8 4 8 12
10 T 18 25 3 3 T 15 22
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3.3 ESTERASE AND PROTEIN PATTERNS GF LIVER HOMOGENATES

OF APQODEMUS SYLVATICUS.

A, Esterase ern of liver homogenates
a) Description of zones.
(Figs. 24, 25,26,27,28,29,30,31,32,33,35,36,38,39,40,41,42,43,45,
45,46,53,54,55,56,57,58,59,66,69,72, and 74. Tables 13,14,15

16,17,21 and 25)

Liver esterase zymograms exhihbit the strongest as well as the greatest
number of fractions found in any tissue. This presents us with the
problem of separation as well as staining; lonqg electrophoretiec runs
are necessary as well as photoaranhing of plates at intervals during
staining procedure. The liver esterase zymogram comprises at least up
to 37 fracti