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- FINAL nzmm‘ TO THE ATLANTIC nomcxcu STATION
ANDREHS, NEW BRUNSWICK, CANADA.

<. THENI

ENOUS GONSTITUENTS

F_SKATE AND LOBSTER MUSCLE
. Campbell, Demrtment of Physiology,
¢ uoorTd Tniverstty, hontreal, Septomber, 1935,
The work undertaken during the Sumker of 1935 at the Atlantio
Biological Station, St. Andrews, N. 5. was a continuation of the work
begun the previous sumer at the Fisheries Exporimentel Station, Helifex,
N. 8. ma garried on throughout the year at MoGill University in the
Depertment of Physiology under Dr, B.P. Babkin and Dr. S.A. Komarov.
As will be found in the Report of Jume 1933 to the Halifex
Stetion, the partition and nature of the mitrogenous constituents of
f£1sh musole has been investigated and their effects on gestric seore-
tion hes elsoc been studied, The muscles which have been studied includé
©cod, haddook, salmon and herring; of waich cod and herring muscle ex-
tracts were frectionated end the partition of nitrogen in them

tablished.
While the chemical eomposl tion of the muscles differed

importantly in meny respects we shall only remark in this place that
c0d muscle extracts showed e yrepondersnce of the lysine fraction over
the histidine-arginine fraction; and showed a striking similarity to
haddock muscle, fractionated by Komrov (1933).

In these respects herring muscle mppeared to be intermediate
botween ccd and ox muscle, the latter slso having been studied by
Komarov (1933).

The physiological effects of the extrects were also striking.
Extracts of cod and heddook muscle appesred to produce gastrc juice
of stronger peptic power md lower scidity than herring musclo, and
herring muscle, in turn, than meat.
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Juice of great peptic power and low mcidity oceurred with
the lysine fraction of cod, wiile the histidine-arginine frection
produced s juice high in acid md low in pepsin.
The character of the julce secreted by the stomach therefore
seems to depend on the natwre and partition of the nitrogencus con-

stituents of the tissue. Cod muscle being high in the lysine fraction

and low in the histidine-arginine fraction gives u choline-like Te-
sponse; high in pepsin and low in scid es ccmpared to ox muscle.
Herring muscle is mid-way between thesc.

During tiis mimmer Lobster (Homarus smericenus) muscle and
skate (Reja stebuliformis) muscle were investigated. Lobster musole
1s of interest since Alley (1933) found great secrotagogue effect from
its ingestion, giving  julce very high in pepsin and of moderste
tigating the ni

acidity. The reason for 1
chemically mnd physidlogically is cbvious as they have been said to
regulate gestric secretion. Skate muscle is mleo of interest through
1ts evolut fonary position, 1ts importence as an objeet of physiologiosl
investigation by Dr. Bebkin md others, end the known peculiar nature
of 1ts ccmposition by the large emounts of urea and ammonia present.
Time permitted the fractionation of lobster muscle slone but the nature
of some of the constituents of both miscles was investigated.

While & study of physiologicel effects of the extrscts
attempted, this part of

the fraction thersof wes also planned and
sful. The dog used, heving an Amour pouch and

the wrk wes unsuce
gastric fistula, wes extremely veriable md was later found to have

& chronic gestric uloer near the fistuls border.
The surprising nature of lobster muscle composition and of

the less extensively studled skate muscle is shown below.



METHODS

The methods used sre similar to those used in the fractiona-
tion of the cod and herring extrscts described in the Report to the
Halifex Experimentel Station, Campbell (1933); with the exception,
that in the fractionation of the lobster extracts, the histidine-
arginine, purine md lysine fractions were liberated from the silver
salt formed by hydrochloric acid instesd of hydrogen sulphide.

Particulsr care was peid to the extraction of lobster muscle
because of the repidity with which it has been found to sutolyse (Reed,
Rice and Sinolair 1933). The lobster miscle was excised immediately
after killing the eniml by splitting with s olesver, and after weigh-
ing end mincing was put into vater at 90°C. The muscle was therefare
only kept fresh for sbout 3) minutes after death. Muscle from the thorax

end le:

T claws was used es well as thet from the tail and large cla

After extraction in two volumes of hot water for 20 minutes at 85°C. md
PH 5.0 the suspension we
muscle cake was washed and extracted again twice as desoribed in the

filtered and the clear f1luld evapoursted. The

previcus communication.

In the case of skate the "wing" muscles were excised from a

fresh specimen and extracted in the same wey.
The weight of lobster muscle used was 3280 g. (obtained from
12 lobsters) end the weight of skate muscle was 1000 g.

RESULTS

The results of the melyses md of the fractionation appear
in table 1. In this teble the amount of the various constituents and
partitions of the extracts aro expressed ss mg. of nitrogen per 100 g.
of fresh muscle (mg.%), and el® ss percent of the tutel non-protein

nitrogen (%).
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As explained in the previcus Report, the non-protein nitrogen

s and peptones are

is the true non-protein nitrogen value, the prote
not included in the purine fraction nitrogen. The nitrogen of the

purine fraction was determined when the bases were in the form of nitrates
end is therefore somewhet higher then the true value for this frsction.

The results are interesting in many respects and one is
struck et the outset by the profound differences shown between the
camposition of skate and lobster muscle and the muscle of cod, haddock,
salmon end herring.

A full description comperative with the lest mentioned group
which have been described in the previous report would be too tedious
here so thet the main differences will be touched on.

NON-PROTE IN _NITROGEN

In the group cod, heddock, sslmon end herring the non-protein
nitrogen, while sioming certsin cheracteristics in ceses, is in the
neighbourhood of 400. mg.% (380 to 460 mg.%). In lobster the value 1s
682.8 mg.% end in scste 1423. mg.%; or en incresse of 50% and 350%
respectively over the average value for the first group.

YOLATILE BASE NITROGEN OTHER THAN AMMONIA

The value of the volatile bases nitrcgen other than emmonia
(probebly mostly due to trimethylemine) is grest in skate muscle being
152. mg.% or 10.7% of the total non-protein nitrogen, while in lobster
1t 18 very low being 0.6 mg.% or 0.09% of the total. In the former
group herring has the highest value of 4.7 mg.% or 1.1% of the totel
non-protein nitrogen.

AMUONIA NITROGEN

The emmonia nitrogen of skate, being 55.4 mg.% is also very
high, but due to the high non-protein nitrogen velue the percent of the
totel, 2.69%, 1s not high comparetively. The smount in lobster, 19.9
mg.% 1s fairly high es is the % of the totel, which is 2.9%.



UREA_NITROGEN
The urea nitrog-n of skate muscle (about 800 mg.%), is ex-
tremely high. This figure is unfortumstely not known exactly, hemce
the brackets in the teble. It rejresents more than helf the total mon-
protein nitragen (56%). In lohster muscle the ures nitrogen is the

including the former group.

lowest of sll the cas

AMINO GROUP NITROGEN

The velue determined by the formol titretion is here termed
emino group nitrogen md is caleulated as such, the ammonia nitrogen
being, of course, subtrected.

The velues of the emino group mitrogen are interesting. Skate
muscle conteins 52.9 mg.%; a high value, the next highest in the former
group being that of herring mounting to 48.8 mg.§. In skate muscle
however the percent of the total is low being 6.2% while in herring it
1s 11.2%, In lobster muscle the smino nitrogen is extremely high being
211. mg.% or 30.9% of the total non-protein mitrogen.

CREATINE AND CREATININE NITROGEN

The crestine plus crestinine nitrogen of skate is 107. mg.%;
lower than in the former ceses of which the value of cod muscle, 163.
mg.%, 1s lowest. Creetine and creatinine sre prectically absent in
lobster musole.

To sum up his first portion of the work we nowm that the
enormous value of the nun-protein nitrogen of skate muscle is ceused
mainly by the smount of volatile bese, mmonis snd ures nitrogen. The
emino nitrogen is high in sbsolute emount but not es percent of the total.

Lobster musole while having & high non-protein nitrogen velue
is low in the combined wolatile base, mmonis snd ures nitrogen. Cres=-

- tine end creatinine are prmotically absent =nd the mminc nitrogen is
extremely high. This condition in lobster muscle is further investi-
gated by the fractionation of the extracts whereby the partition of
Bitrogen is estsblished. and whieh w11 now ha Afmawa.
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ERACTIONATION OF LOBSTER MUSCLE
NITROGENJUS BASES FRACTION

The nitrogen of the nitrogenous b fraction of lobster

musole is 382.6 mg.%. This is a very high value ss the values in cod
and herring were 257.6 mg.% and 269.9 mg.% respectively. As percent
of the totel non-protein nitrogen the figure is low (56.0%) and compares
to ox muscle (53.6%), Komerov (1933) rather then to fish muscle.

PURINE FRAGTION

The purine fraction nitrogen (10.7 mg.%) is not merkedly

different from the other ceses (24.5 mg.% in cod end 8,21 mg.% in
herring muscle).

HISTIDINE-ARGININE PRACTION

The nitrogen of the histidine-arginine fraction (191, mg.%)
1s very high both in sbsolute amount md ms percent of the total nom-
protein mitrogen (28.0%). Herring miscle contains 72,7 mg.% end ood
musole 32.7 mg.%. The nitrogen of this fraction of lobster muscle is
also twice ss greet as that found in ox muscle (8938 mg.%) by Komarov
(1933).

LYSINE FRACTION

The nitrogen of the lysine fraction of lobster muscle (150.6
mg.%) 1s high but not mearly m much so me the histidine-arginine frac-
tion. Cod muscle contains 157.9 mg.% snd herring muscle 145.6 mg.f.
The percent of the tctal non-protein mitrogen is much lower in lobster
muscle 22.1% then in cod or herring musclo (37.7% and 35.3% respectively).

MONOAMINO ACID FRACTION

Lobster muscle is also chamoterised by heving a high pro-
portion of the totel mon-protein mitrgen in the moncamino mcid fraction.
The velue is 52.44% while in 0 d and lerring musole the velues are 22.8%
and 22.4% respectively. Since the velue of the total non-protein nitrcgen

1s high in lobster musole the mmount of the monosmino mcid frection



nitrogen (221.5 mg.%) far exceeds that present in cod end herring
muscle (95.7 mg.% and 97.9 mg.% respectively).

THE HUMINE NITRCGEN

The humine nitrogen of lobster muscle is low as compared to
cod end herring muscle. In the humine nitrogen l. or mitrogen un-

in the firet acid precipitetion it forms
ed with 16.75 for

11.5% of the total non-protein nitrogen es contr
cod and herring musole.
The totel humine nitfogen of lobster muscle (16%) is even

lower as compsred to cod snd herring musele (25%).

SUMMARY

The 1 m of the n of skate
and lobster muscle hes shown extreme contrasts between them and slso
between the muscle of cod, haddock and herring which have been pre-
viously studied.

The totsl non-protein nitrogen of lobster is 632.8 mg.% or
50% greater then that found in the latter cases where fairly uniform
values cocur. This velue in skete mscle is 1423. mg.% or 3.5 times
as much as in the latter cases.

In skate muscle this increase is due to urea, smmonis end

volatile bases other than smmonis. The uree of skate muscle is es-

Ppectally high comprising over helf of the totel mom-protein nitrogen.
In lobster muscle the ures and volatile bases other then
ammonia are low while the mmonis nitrogen is fairly high.
Creatine and creatinine nitrogen are prectically sbsent in
lobster muscle but present to the extent of 108. mg.% in skate muscle.
The emino nitrogen of lobster muscle is extremely high both
in ebsolute emount and es percent of the total non-protein nitrogen
(211, mg.% end 30.9% respectively). In skate muscle the absolute
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amount (52.9 mg.$) 1s high but the roportion of the total non-protein
nitrogen is low (6.20%).

The results of the fractionstion procedures show thet the
nitrogencus bases of lobster musole farm a lower percent of the totel
non-protein nitrogen then cod or lerring muscle (56.04% in lobster
muscle and €l.44% sad 61.77% in cod and herring muscle respectively).

The absolute emount present however is mich greeter in the former cas

The Purine b

of lobster muscle are quite low.
The histidine-arginine fraction in lobster muscle is however
very high, the nitrazen of this fraction being 6 times that of cod

muscle end 2} times that of herring mscle. The percent of the totel

non-protein nifrgen is slso greater.

The lysine frection of lobster musocle is high, but the
nitrogen of this fraction in lobster muscle is slightly less than
thet present in cod mmle.

The nitrgen of the monsmino ecid fraction is very high
both in emount and as percent of the total non-protein migrogen.

It 1s important to note thet the increase in the total non-
protein nitrogen in lobster mscle over the average value for cod,
haddock, salmon end herring muscle is due to the inoresse in the
nitrogen of the momamino acid md histidin

arginine fractions.

The writer's greatest thanks are due to Dr. B. P. Bebkin end
Dr. 8. A. Komerov who directed this work. The Director emd Staff of
the Atlentic Biologlcal Station, St. Andrews, N. B. gave facilitles
end great help in it.



DISTRIBUTION OF NON-PROTEIN NITROGEN IN MUSCLE

Results are expressed nitrogen per 100.g. wet weight
of tissus, md &5 per cent of the toval non-protein nitrogen.

NITROGEN IN THE FORM OF LOBSTER SKATE ‘
Total Non-protein Nitrogen 682.8  100. 1423, 100,
Volatile bases (other then ammonta) 0.60 0.09 | 152.1  10.7
4mmonis 19.9 2.92 | 36.4  2.69
Urea 0.07 0.010 | (800.)  (56.)
Amino-nitrogen 211, 50.9 529 °3.51
Creatine end Creatinine 4.67  0.68 | 107.6 7.56
Nitrogenous Beses 562.6 56,04

*Purine Bases 10.7 1.57
Histidine-Arginine fraction 191. 28.0
Lysine fraction 150.6 22.1

Monoamino aeid fraction 221.5 32.4
Humine fraction 1. 78.1 1.6
Total Humine nitrogen 108.4 15.95

*In the form of nitrates
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