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The cleared strip is placed between two glass slides in
a slide holder and inserted into the instrument by way of a door at
the side (Fig. 8). The plotting rule is then moved slowly toward the
operator and the meter readings are plotted on the graph paper,

resulting in a series of peaks, each of which corresponds to a stained

band on the strip.

Some difficulty was encountered in using the aélman scanner,

due to rapid fluctuations in the level of the line voltage, sometimes

as large as three or four volts. These fluctuations caused unstable
meter readings, making it difficult at times to plot accurate optical
density values. Such variations in the line voltage are common
throughout the building and indeed throughout the city of St. John's.

The instrument, though equipped with a small constant voltage transformer,
was apparently unable to compensate for the rapid changes. A larger

transformer unit, which might have solved the problem, was not available.

A Gelman compensating polar planimeter, Model 39231, was used
to measure the area under the peaks of the graphic record. An attempt
was then made to express the area under each peak as a percentage of the
total area under all the peaks and, using the total protein concentration
already determined, to estimate the concentration of the protein fraction

represented by each peak.

In view of the difficulties experienced with the manual scanning
technique, I decided, with permission, to run several strips through an

automatic scanner located in the Biology Department on the main campus.
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This instrument is a Densicord recording electrophoresis densitometer
(Model 542) (Consolidated Laboratories Ltd.), equipped with a Cellulose
Acetate Drive (no.5073) and coﬁpled with an Integraph integrator (Model
49). As the densitometer automatically scans the strip and plots: a

- graph of optical density, the integrator measures the area under each

peak and records the results as a continuous record beneath the graph.

The usefulness of the Integraph was limited, however, by the
fact that only one scanning speed was possible. The implications of

this will be discussed later.

2. Determination of Total Protein
The total protein content of the I£fex blood plasma was
determined refractometrically, by the use of a Bausch § Lomb serum

protein meter (no. 33-45-87).

(a) Basic Principle

The principle of measuring serum proteins refractometrically
was introduced by A. Strubell in 1900. It is first necessary to derive
an equation relating the serum protein concentration to the refractive
index of the serum, as measured by a refractometer. In order to do
this, a series of diluted sera is prepared from a standard, the protein
concentration of which has been determined by one of the long-established
methods, such as the biuret technique (Gornall, Bardawill and David,
1949). The refractive indices of these sera are measured, the

refractometer values being plotted against the serum protein concentrations




-47-

Fig. 9. Bausch & Lomb serum protein meter.
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of the solutions. A regression line is calculated statistically and
its equation is used in the determination of the protein in the serum
being examined. Once the equation has been derived, the techniaque
becomes routine. The refractive index of distilled water is subtracted
from the refractive index of the test serum, the difference being
substituted in the equation to give the protein concentration

(Sunderman, 1944).

(b) Analysis of the Plasma
In practice, most of these steps are eliminated by the
serum protein meter. This instrument is a refractometer, having two
scales which are read through one eyepiece (Fig. 9). The first of these
scales is in refractive index difference from water, to be used in an
equation of the operator's own choice. The second scale gives direct
readings of serum protein, over a range of 0 to 12 g/100 ml, the scale
having been computed according to the formula:
Pr = 524(RI ;00 ) - 1.10
where Pr is the serum protein in g/100 ml and RI 4. e is the difference

between the refractive index of the serum and that of distilled water.

The direct reading serum protein scale was used in all

determinations and it proved to be sufficiently accurate for the purpose

of the present work.

The meter must first be standardized or zero-set, using distilled

water. A medicine dropper with a curved tip was used to place the water
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sample in the cuvette located on the top of the instrument, the index
line then being adjusted to coincide with the "H,0" line on the protein

scale. The water was then removed and the cuvette carefully dried.

A sample of I£Lex plasma was placed in the cuvette and

its protein concentration read at the point where the index line crossed
the scale. It was discovered immediately that this concentration lay
beyond the range of the meter, that is, it was greater than 12 g/100 ml,
and that dilution of the plasma was therefore necessary. A dilution of
1:1 was found to be satisfactory and was carried out immediately prior

to examination, using %-ml serological pipettes. It was consequently
necessary to multiply the protein scale reading by two in order to obtain

the value for undiluted plasma.

The refractive index of water and of serum protein decreases
approximately one unit in the fourth decimal place for an increase in
temperature of one degree centigrade. Some type of temperature
compensation is therefore necessary when the refractive indices of liquids
are being measured. As the meter has no temperature compensation control,
the distilled water and the plasma samples were allowed to attain room
temperature before carrying out the determination. All values, therefore,

were obtained at a temperature of approximately 22°cC.

(¢) Checking the Meter
As a .check on the meter, samples of a standard protein solution
(no. 7585, Hartman-Leddon Company, Philadelphia, Pénnsylvania) were examined

- » *
periodically. (Total protein content of the standard solution: 4.85 g/100 ml)*

*See Addendum 2, page 82.
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3. Immunodiffusion
(a) Production of anti-I£Lex antiserum

Several plasma samples from different female specimens of
ILLex were pooled in order to prepare a uniform antigenic solution of
sufficient volume to maintain a series of injections. The plasma was
injected into a rabbit subcutaneously at the top of the head, between the
ears, using a hypodermic needle and syringe. The schedule of injections
was as follows: three daily injections of 0.5 ml each; after a four-day
interval, two daily injections of 0.5 ml each; after a thirteen day
interval, three daily injections, the first two of 0.5 ml each and the

last of 1.0 ml.

The rabbit was bled approximately six weeks after the final
injection, 37 cc of blood being allowed to drip freely from the posterior
marginal vein of the left ear. This blood was'allowed to clot and left
to stand overnight at 5°C. The serum was decanted carefully and the
remaining blood was centrifuged at 1750 rpm in order to obtain a further
quantity of serum by shrinking the clot. The serum, which is hereafter
called antiserum, was divided into aliquots of one to two milliliters and

. )
stored in screw-topped glass vials at -20°C.

(b) Diffusion tests

Gel diffusion tests using Ouchterlony-type agar gel plates,
i ions.
as described in the Introduction, were attempted on two different occasion
It was then decided to carry out further diffusion tests in a cellulose

acetate medium, using the method described by Consden and Kohn (1959).
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Cellulose acetate membranes have several advantages over agar gel as a
medium for immunodiffusion: the uniformity of cellulose acetate is
excellent; its speed and sensitivity are superior to gel media, making
possible the use of very small volumes of sera; it provides a durable,
easily-stored permanent record; and there is continuity without the

interruption of wells which frequently interfere with the precipitation

patterns,

For the purpose of these tests, portions of convenient size
were cut from cellulose acetate electrophoresis strips. The points for
application of the antigen and antiserum were marked on the strip with a
ball-point pen, the mark being identified by the number of the I&&ex plasma
and by the letter "A" for antiserum, respectively. The loci thus designated

were placed approximately one centimeter apart.

The strip was impregnated with barbitone buffer (Owen, 1956),
as for electrophorsis, then blotted to remove surface moisture. The strip
was then placed on a plastic "pin-cushion" support inside a closed container

to prevent drying out while the sera were being applied.

The 1£Lex plasma sample, after being diluted 1:1 as for
electrophoresis, was deposited at the pre-marked point on the strip, using
a Drummond "Microcap' two-microliter micropipette. The same quantity of
rabbit anti-IfLex antiserum was similarly applied at its pre-marked point.
The samples were permitted to soak into the strip, the cover of the
container being replaced immediately after application. The strip was

then completely submerged in Whitemor 0il no. 120 and left for 24 hours,
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during which time diffusion of the samples occurred.

Following the diffusion period, the strip was removed from
the oil and blotted. Traces of o0il were removed by washing the strip in
detergent solution for thirty seconds and rinsing thoroughly. The strip
was then placed in another barbitone buffer solution (pH 8.6) for at least

three to four hours, and sometimes overnight.

Staining of the precipitin pattern was accomplished with
Ponceau S (0.2% in 3% aqueous trichloroacetic acid), just as for the

electrophoresis patterns. The strips were not cleared.

The antiserum was tested against single plasma samples from
either male or female squid, as well as against both sexes simultaneously
and against the same sex from different times of collectionm, the latter

being an attempt to detect any differences due to sexual maturity.

As already indicated, this aspect of the research was under-
taken as a preliminary qualitative study only. No attempt was made to

measure the quantity of antigen-antibody complex produced.
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RESULTS

1. General Observations

The volume of blood obtained from a single specimen of
I2Lex ranged from approximately one-third of one cubic centimeter to
about 8 cc; more than 80% of the samples, however, were between 1 cc and
6 cc in volume. The volume of samples obtained depended upon certain
factors already described. Over 460 squid were bled in this study. Only

412 samples were kept and stored; however, since all samples of less than

1 cc were discarded.

The blood of IfLex is a thin liquid, though slightly more
viscous than water, Its color depends upon the degree of oxygenation of
the respiratory pigment, hemocyanin., In the venous; de-oxygenated state
in which my samples were taken, the blood has a bluish white color. In the
arterial circulation 'in the living animal, the blood has been observed to
range through pale blue; light blue and pastel blue. By exposing the blood
to air and shaking the container thereby placing oxygen in solution, it is
possible to cause it to take on a deep blue color, but such a shade of
blue has not been seen in vivo. Colors here follow the coding by Kornerup

and Wanscher, 1961.

2. Determination of Total Protein

The results of this aspect of the research are presented
first, so that they may be applied in conjunction with those of the

electrophoretic study.
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The total protein values of the T&Lex blood plasma samples
examined by use of the serum protein meter ranged from 11.30 to 14.50
g/100 ml of plasma. The average value obtained was 12.76 g/100 ml of
plasma. Both of these extreme values (maximum and minimum) represent plasma
samples from female specimens, the average for all females being 12.80
g/100 ml of plasma. No trend was evident to indicate any sex-related
differences in the protein content of the plasma, for the value obtained
for the single male I£fex plasma examined was 12.60 g/100 ml. Two females
taken at quite different times in the season (August and Octobqr) both

had plasma protein values at the lower end of the range.

3. Electrophoresis

Each and every electrophoresis pattern obtained with IZlex
blood plasma, regardless of sex or time of capture, consisted of two,and
only two, components or protein fractions, one of which stained much more
intensely than the other. Both fractions migrated from the cathode toward
the anode, the lighter component (which I have designated as no. 1) moving

at a slightly higher rate than the darker one (no. 2).

When normal human blood serum was run at the same time on an
adjacent strip, it was shown that component no. 1 migrated at approximately
the same rate as the human ¢-globulin fraction asnd that the rate of
migration of component no. 2 was slightly higher than that of human B-

globulin.

In Figure 10 is shown a photograph  of one electrophoretic
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Electrophoretic separation of the proteins of the
blood of I&Lex L&lLecebrosus illecebrosus, on
cellulose acetate, following a run of one hour at

pH 8.6. Current: constant at 1 mA per strip.
Voltage: initial, 190 V; final, 140 V. Temperature
inside the chamber, 229C. The two protein fractions
have been numbered arbitrarily. Stained with Ponceau
S. Cleared strip was photographed by transmitted
light.
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Fig. 11. Densitometric graph of the electrophoretic pattern of the
blood plasma of ILLex .lLecebrosus iLLecebrosus, as shown
in Fig. 10. The numbered peaks correspond to the numbered
protein fractions of that pattern.
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separation of the two protein fractions. 1In all trials, as noted

above, every case of the dozens made exhibited like results and the pattern
reported in Figure 10 is true for all electrophoresis trial results.
Separation of the components is clearly seen and there is very little

"tailing-back' at the ends of the bands, !

A densitometric graphic record of an electrophoresis pattern
is shown in Figure 11. For the sake of continuity, the same I£fex plasma
sample, no. SB-87, has been used as an example. As noted earlier, diluted
plasma was used, which has resulted in low optical density values. However,
the relative optical densities are unchanged from what would have been
demonstrated if whole, undiluted plasma had been used. It will be noted
that the plotting scale of the densitometer has produced a three-fold linear
expansion in the migration distances from point of drigin; when compared

with the linear distances represented in Figure 10.

The areas under the peaks in Figure 11 were measured to be:

Component no. 1 . . . . . . . . . 0.07 sq in
Component no. 2 . . . . . + . » » 0.45 sq in
Total area . , « « « « « « - » + 0.52sq in

By expressing each component as a percentage of the total and

by relating this to the average value for total protein of 12.76 g/100 ml

1The plasma in this case was mno. SB-87, female, from South Arm, Holyrood

illi i total 4 mA):
Bay. The constant current was one milliampere per Strip (C ) .
thz initial and final voltages were 190.volts and 140 volts, respectively;

the temperature in the chamber was 22°C, and the duration of the run was
one hour.

B it L St ) BT E S ed
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Immuno-diffusion on cellulose acetate membranes, involving
blood plasmas of three specimens of T&fLex {€Lecebrosus
LLecebrosus and rabbit anti-T&Lex antiserum (A), at

pH 8.6 for 24 hours. Antigen and antiserum placed 1 cm
apart. Stained with Ponceau S. Uncleared membranes

photographed by transmitted light.
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of serum, the following values were obtained:
Component no. 1 . . . . 13.5% . ... .. 1.72 g/100 ml

Component no. 2 . . . . 86.5% ... ... 11.04 g/100 ml

4, Immunodiffusion

The results obtained from the two-dimensional diffusion tests
using the Ouchterlony agar gel plate method were, for all practical purposes,
negative. Most of the plates gave no evidence of any precipitin reaction.

A few, however, showed slight cloudiness in the area between the antigen
and antibody, but no distinct configuration which is characteristic of

antigen-antibody complex.

Much more encouraging results were obtained from the tests
carried out in cellulose acetate. A single band of precipitate, made
visible by the Ponceau S stain, appeared in each case. Whenever two
antigens were used simultaneously, as in the case of introduced male and
female I£fex plasma samples, the two single bands (one caused by each

antigen) merged into one continuous band.

Figure 12 shows photographs of five representative tests,
covering a variety of cases. The first two (A and B) involve antiserum
and a single I&Lex plasma sample, while C, D and E were double tests, in
which two plasma samples were tested simultaneously against the antiserum.
In each case, as already stated, a single band of antigen-antibody complex
has been formed between the IZfex plasma and the rabbit anti-IZZex
antiserum, which is designated by the letter "A", To the right of the

test strips are data regarding the sex and time of collection of each
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I2fex plasma sample, In the double tests shown in C, D and E, the band
of precipitate is seen as a continuous arc in the region between the

antibedy and the two antigens.
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DISCUSSION

"...the value of serum protein analysis ... does not depend
entirely on the possibility of obtaining accurate absolute measurements
of the various fractions present. What is required is a reasonably
reproducible index of these fractions relative to each other or to the
total amount of protein present. Changes in these indices then become of
significance, even though the extent of these changes cannot be computed

in precise terms." -- Owen, 1956.

The electrophoretic analyses were regarded, from the beginning,
as constituting the major portion of this research. The greatest proportion
of working time was spent -on this aspect of the study and it has in turn, I

believe, yielded the most important results.

It is a well established fact (Prosser and Brown, 1961; Meglitsch,
1967) that in the hemolymph or blood.(as the case may be) of molluscs,
nearly all of the protein is in conjugated form in the respiratory pigment.
In most molluscs, the respiratory pigment is hemocyanin, and it has been
found to include over 90% of the blood protein. In view of the high protein
content recorded for IZLex, it seems certain that this conjugated protein

will be represented in any electrophoretic separation.

Each electrophoretic separation of the plasma proteins of the blood
of I2Lex has produced two very closely allied components. According to the
densitometric data, the two components are, in fact, incompletely separated.

At least one of these must be the proteinaceous portion of the hemocyanin.

In each immuno-diffusion test, a single band of an;igen—antibody

precipitate has appeared, indicating the presence of at least one antigenic
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component in the I£&fex plasma. In view of the electrophoretic data

achieved, at least two antigenic components would be expected., A possible
explanation of the observed situation in contrast to what would be expected,
is that both of the protein fractions appearing in the electrophoretic
pattern may be attributed to hemocyanin. Woods, Paulsen, Engle and Pert
(1958) call attention to the fact that, in alkaline media hemocyanins
usually dissociate into nonidentical constituents. In this study, the
analyses of IZlex sera were made in alkaline media. In the only other
electrophoretic analysis of squid blood reported to date, Woods, et al.

(1958) report that the blood plasma of Lofigo pealel LeSueur yielded two

major components of moderate mobility. Both of these components they consider

to be due to the hemocyanin. Sera of several other invertebrates analysed
at the same time similarly gave more than one protein fraction of high
concentration, for which the same explanation is offered. Prosser and
Brown (1961) state that the hemocyanin of the horseshoe crab Limuwlus

polyphemus (L.) separates electrophoretically into two components.

It is interesting to note that, using a slightly different technique,

the present analyses have produced a similar pattern to that obtained in the
study by Woods, et. al involving such a closely related animal. The two
protein fractions they reported occur very closely together and have
migrated away from the cathode toward the anode, as was the case with the
I2Lex plasma. The authors state that, within a given species, differences
in age, sex, or stages of the molt cycle (in crustaceans) produced no

significant difference in the electrophoretic patterns.



In a direct comparison between the electrophoretic migration
rates of the proteins in If&€ex plasma and normal human serum, we have seen
that component no. 1 corresponds in mobility with human a-globulin, with
component no. 2 slightly less mobile. Favour (1958) analyzed electrophoretically
the hemolymph serum of the crab, Cancer pagwws L. together with the sera of
several other animals. The results are presented as densitometric graphs.
As Cancer was the only species of invertebrate in the group so studied, the
peaks recorded were labelled arbitrarily by use of the standard Greek symbols
common to the vertebrate protein fractions to which they most nearly
corresponded. The a-globulin peak proved to be a major component, leading

Favour to regard it as representing the hemocyanin of the serum.

Therefore, it is not unreasonable to assume that I£Zex component
no. 1 is hemocyanin, based on mobility characteristics when viewed in light
of the findings of Favour (1958). The exact nature of component no. 2,
still unknown, may be another conjugated protein involving the hemocyanin
complex or a part of same, this assumption based on findings referred to

earlier here by Woods, et. al.(1958) for L. peafei.

The densitometric graph presented as an example in Figure 11 was
chosen, as noted earlier, for the sake of continuity, being representative
of the same I££ex blood plasma sample which is represented in Figure 10.

The clear separation of the protein fractions on the electrophoresis record,
together with the virtual absence of '"tailing", has resulted in a
densitometric tracing of comparatively high quality,'in which the two

peaks, representing the two fractions, are clearly visible.
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Near the point of origin on this figure, the tracing describes
a small peak which at first glance might be interpreted as representing
a third protein fraction in the plasma. However, it is much more probable
that the stained region on the electrophoretic strip which gives rise to
this peak on the graph is due rather to the presence of a small quantity
of plasma protein which, due to some unknown- factor related to the method
of applying the sample to the strip, has remained behind at or very near
the point of application. This stained region is less obvious on the
strip than the densitometric graph would indicate. However, such a region
did appear in virtually every electrophoretic record. Its position was
always the same, regardless of the duration of the run, that is, it did
not migrate. Favour (1958) reports a similar phenomenon, which he calls

a '"technical residue at the point of application'", in records of the

electrophoresis of the blood serum of the crab Cancer pagurus.

The presence of this technical residue, including a small fraction
of the protein content of the plasma, makes it necessary ﬁo point out that
the values calculated in the preceding section are percentages of the
protein represented by the total area under the two peaks of the graph,

numbered 1 and 2.

Brief mention was made earlier of attempts to obtain densitometric
records from the electrophoresis strips by the use of a Densicord recording
electrophoresis densitometer coupled with an Integraph integrator. These
attempts were unsuccessful, due to the fact that the single scanning speed

possible was too high. The two plasma protein fractions of the blood of
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I2Lex, which lay very close together even after runs of two hours or more,
were scanned so quickly that the peaks of the graph were virtually fused
in one. The separation between the peaks was barely noticeable. This
rendered the automatic tracing much less useful than that obtained by use
of the Gelman scanner. The adjustment of the Densicord instrument
permitting lower scanning speeds by the use of proper accessories will

permit more sensitive examinations of electrophoresis patterns.

The study of the total serum protein content of the blood plasma
of TlLex was intended,as indicated earlier, to be a minor part of this
research programme. However, a brief discussion of the accuracy to be
expected when using the refractometric technique may be in order at this

point.

Sunderman (1944), in discussing refractometric techniques, mentions
three factors which might alter the refractometric values in relation to
protein concentration. The first of these is a high concentration of
bilirubin present in the serum. Since bilirubin is a metabolic breakdown
product of hemoglobin, a compound not present in cephalopods, it is certainly
not a factor in this case. The second possible factor is a high level of

lipid, which there is no reason to suspect here.

Rubini and Wolf (1957) have carried out refractometric determinations
of total solids in serum and have found that certain factors formerly
believed to lower the accuracy of refractometric determination of total

protein have had no such effect on their measurements. Their data do not
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support the view that the refractometric determination of total protein
should be adversely affected by variations in the albumin-globulin ratio.
Furthermore, they state that various protein fractions in saline do not
differ appreciably from serum in the specific instrumental increment of

the refractometer. They conclude, therefore, that as the non-protein solid
content is constant in plasma, and because it contributes only a small
fraction of the refractivity, empirical relations between the refractive
index (or the refractive index difference) and total protein of serum

should prove sufficiently accurate for many purposes.

The values obtained for total protein in the blood of IZfex are
high when compared with typical values for vertebrates. The serum protein
of man, for example, has been measured to range from 5.38 to 9.40 g/100 ml
of serum (Dittmer, 1961). These high values in I£Lex are, of course, due
to high concentrations of hemocyanin present in the plasma. The presence
of large quantities of respiratory pigment in the bloods of cephalopods may
be related to the high metabolic rates of these animals and the low oxygen-
combining power of hemocyanin. The oXygen consumption of squids swimming
freely in an aquarium has been reported by Redfield and Goodkind (1929) to
be approximately 600 ml/kg of body weight per hour, which is about three

‘times the basal metabolic rate in man.

As already noted in the Introduction, the total protein in the
blood of the squid, Loligo forbesd (Steenstrup) has been reported by
Robertson (1949) to be 14.97 g/100 m1l of plasma, which is just beyond the

upper limit of the range of values obtained here for T4Pex. Robertson's
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value for the cuttlefish, Sepia officinalis, was considerably lower

(6.76 g/100 ml), while that for the octopod, Eledone cinthosa, lay between
these two (10.5 g/100 m1). Robertson notes that the higher organization

and activity of these three cephalopods appears to be related to high

plasma protein contents, which may be necessary to meet high respiratory
demands. Such an assumption would seem quite reasonable, since within the
group studied, Sepia has a lower plasma protein content than Lofigo; this
would be in keeping with the fact that Sepia leads a much less active
existence, remaining nearly stationary on or in the ocean bottom for long
periods of time, while Lofigo, like I£fex, spends much time swimming actively

in the open water.

Akimushkin (1963) notes that almost all squids are excellent
swimmers, being able to move more quickly than any pelagic fish of comparable
size. The Ommastrephidae, Loliginidae, Gonatidae and Onychoteuthidae, he
states, are especially swift. Fields (1965) writes that LoLigo opalescens
Berry has been observed swimming at speeds of from five to eight miles per
hour. Some squids are capable of such speeds that they are able to leave
the water and glide through the air for considerable distances, ih a manner
similar to that of "flying" fish; distances of 50-60 yards have been
reported (Zuev, G. V., personal communication to F. A. Aldrich). Squids
hunt for food both day and night, their prey ranging from plankton to fast,
powerful swimming fish. They make rapid attacks in the open water and
usuvally kill by biting the fish at the back of the neck, though they

sometimes attack the belly of very large prey such as a dogfish. Squids
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are highly aggressive predators and have been observed to kill a number

of fish in rapid succession without eating them, as if for sport (Lane,

1960).

Generally, cuttlefish are not as swift as squids. Their oval
bodies are not as efficient in cleaving the water as are the torpedo-shaped
bodies of squids. Cuttles normally swim by means of comparatively slow
jets from their funnels, probably aided by undulations of the fins. They
prey for food upon small crabs, shrimps, prawns and small fish, feeding
only during daylight hours (Lane, 1960). Though cuttlefish sometimes seek
prey in the open water, they most often feed on animals living on or near
the sea bottom. They seem to prefer a sandy or silty bottom and frequently
lie partially buried in the sand, waiting for prey to pass nearby. The
exposed parts of the body can be matched in colour to almost any bottom

(Akimushkin, 1963).

The vast majority of octopods are bottom dwellers. They can move
rapidly when necessary, but are generally sessile creatures (Akimushkin,
1963) . Lane (1960) considers that octopods are generally not such fast
swimmers as squids and cuttlefish, while at the same time noting that
Octopus vulgaris Cuvier has been reported to swim at about four miles per
hour while on migration. Octopus vulgaris captures prey both by lying
in wait and by hunting, mostly at night. Its favourite food is crab, which
is taken without a great deal of effort. This common octopus frequently
moves about by crawling over the sea bottom. Such crawling behaviour as

seen in this and other octopods is not found amongst any other living

e v e e e
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cephalopods (Lane, 1960). The higher energy expenditure required

periodically for crawling and for active hunting might call for a higher
oxygen-carrying capacity in the blood of octopods than in that of
cuttlefish, which might in turn explain why the data cited earlier show

a total blood protein value for ELedone intermediate between those for

Sepia and LoLigo.

The results of the total protein study, inconclusive as they may
be, add considerably to the significance of the electrophoresis results,
which would otherwise be mere percentages. In addition, some support is
. given to the theory regarding the relationship between level of activity

and plasma protein content in the cephalopods.

The results of the immuno-diffusion studies, presented in Figure
12, clearly indicate that each case of antigen-antibody interaction has
resulted in the production of just a single zone of precipitate. These
records are typical of those obtained throughout the study. Each time
either a single I£lex plasma sample or two different samples were permitted
to diffuse toward the anti-I£Lex rabbit antiserum, the result was the same,
a single precipitin line or two lines which fused in the case of two samples.
The use of various combinations of pairs of I£fex plasma samples has shown
that the antigen-antibody complex thus formed is the same in all cases.
For example, the complex formed between the I£E£ex plasma SB-88 and the
antiserum A in Figure 12.C must be the same as that in Figure 12.A. The
continuity of the precipitin zone in Figure 12.C indicates that the same

- iserum.
complex has been formed between 12fex plasma SB-302 and the antise
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Figures 12.D and 12.E show that the complex formed between I£Lex

plasma SB-402 and the antiserum was once again the same.

The implication of these results is that the antigens are in all
cases identical in their immunogenic properties, or more simply, that
there is only one antigen present, being the same in every sample of I.ZLex
plasma which has been tested. However, it would be more correct to state
that the blood plasma of T£€ex contains at least one antigenic component,
which is the same regardless of the sex of the specimen over the period
during which the collections were made. It is necessary to include the
phrase '"at least' because there may be another substance (or substances)
present in the plasma, having potential immunogenic properties, which for
one or more reasons has failed to elicit the production of antibody in the
rabbit blood serum in this study. As stated earlier, the formation of
antibody depends upon the immunogenicity (antigenicity) of the injected
substance and the responsiveness of the recipient. This responsiveness in
turn depends chiefly on the ability of the recipient to degrade and

metabolize the injected antigen (Haurowitz, 1968). Thus a recipient is

capable of being responsive to one antigen and unresponsive to another.

The nature of the antigenic component of the I£€ex blood plasma,
whose presence is demonstrated in this study, remains to be determined.
It is not unreasonable to assume that the antigen is the proteinaceous part
of the respiratory pigment, hemocyanin, in view of the fact that the
presence of this protein in the blood plasma of squids has been well

established, and that the results of the electrophoretic study have
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suggested that this conjugated protein may be the only proteéin present

in the plasma.

Nothing has appeared in the results of the electrophoretic and
immuno-diffusion analyses to indicate any variations due to sexual
differences. This may be due in part to the shortness of the period of
availability of the squid. No fully mature female specimen of IfZ€ex has
ever been reported in the inshore waters of Newfoundland (Aldrich, 1964;
Mercer, 1965). This fact has recently been substantiated by Lu (1968).
Generally speaking, the gonads in both sexes were not well developed and no
mature or even nearly mature females were found. Among samples taken by Lu
in September, 1966 and in October of 1965 and 1966, fewer than 10 of the
males were sexually mature. Both Squires (1957) and Lu (1968) state that
male squid approach maturity much earlier than females in Newfoundland
waters, although Squires (1957) did report three mature females from the
waters over the Grand Banks. Since little sexual development apparently
occurs or is demonstrable while the I£€ex in the coastal waters, it is not
surprising that these studies could not demonstrate changes in the blood
chemistry which one might be enabled to attribute to sexual maturation.

For such a study, squid of all sizes and stages of maturity would have to
be available for analysis. As yet, this great range of sizes and stages

is just not available for study.

The true test of any programme of research is, of course, the
work accomplished, in terms of the results obtained and their significance,
both in themselves and with respect to previous work in the same field.

Also to be considered is what further research, if any, is suggested by

these results.
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This research project has included the first analyses of
the proteins of the plasma of the blood of TZfex ALLecebrosus illecebrosus,
electrophoretic analyses which have yielded promising results. Further
studies of these proteins should be undertaken, with a view to determination
of the precise nature of the two protein fractions revealed by these analyses.
Also important to a thorough understanding of the composition of the plasma
are examinations of the ionic composition and the carbohydrate and lipid
contents of the blood fluid. With a knowledge of the fluid medium
established, a study of the formed elements of the blood should be carried
out, which would complete the picture of the blood. This information would
seem to be basic to further physiological studies that would elucidate some

of the life processes of the animal.

The immuno-diffusion tests described herein are the first such
tests performed upon the blood plasma of a teuthoid cephalopod. The
results indicate the feasibility of the application of this technique to
studies involving blood. The same method should now be tried with other
animals as recipients of injected IZZex blood plasma; in this way additional
antigenic components may be revealed, thus forming a broader basis for a
systematic serological study involving all three subspecies of the Genus
T2P2ex. The results of such a study might serve to strengthen the current
views regarding the taxonomic relationships within the genus. Indeed, such
serological procedures are now indicated as a possible means of interpreting

the systematics of cephalopods on inter-familial and inter-generic levels.
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CONCLUSIONS

A squid may be easily bled. The most plentiful and convenient

sources of blood are the posterior venae cavae,

The quantity of incidental blood collectable from the posterior
venae cavae of a squid is dependent, in large part, upon the degree
of distension of surrounding viscera, due to food material present

or to the great enlargement of the spermary and accessory organs in

mature males late in the season.

Upon collection, the blood of I&fex {flecebrosus .iflecebrosus does
not clot, so it is not necessary to follow preventive procedures

usually associated with such practice.

The electrophoretic pattern of the plasma portion of the blood of
I. i. illecebrosus indicates a separation of the plasma proteins into

two components.

The first, or more mobile of these two protein components has electro-

phoretic mobility which is apprcximately the same as that of the a -

globulin fraction of normal human serum. This protein is believed to

be a part of the respiratory pigment, hemocyanin.

The second protein fraction has an electrophoretic mobility which is
slightly greater than that of human B-globulin. It is quite likely

that this protein is also part of the hemocyanin complex.
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Although few data were acquired, the results of the analysis of
total protein content of the plasma indicate a value similar to

that quoted for another pelagic (but non-oceanic) species, Lofigo
pealei, but considerably higher than those for less active sepioids

and octopods. It may be that total plasma protein is correlated with
mode of life and activity. This is especially possible since all
other data indicate that the sole protein present is some form of the

hemocyanin complex.

The blood plasma of I. £. {fLecebrosus contains at least one antigenic
component which is capable of eliciting the production of an antibody

in rabbit serum. This antigenic component is also believed to be

hemocyanin.
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ADDENDA

Reference cited:

COHEN, E. 1968. Immunologic observations of the agglutinins
of the hemolymph of Limulus polyphemus and Birgus Latno.
Trans. N.Y. Acad. Sci., Ser. II, 30: 427-443,

It is realized that refractometer measurements are only
approximations, unless nitrogen or total protein values are
actually determined by standard biochemical procedures and
plotted against refractive indices. The standard that was
used, was not squid plasma; therefore, refractometer
measurements are only relative measurements.












