
t:lSlNO ..

lUSCRIPT R3?ORTS elF TIL".: BIOLOGICAL ST TIOUS

The nitrogenous constituents of sk~te and lob ter muscle.

by

:T. Campbell



BIOLOGICAL BOARD
OF CANADA

MANUSCRIPT REPORTS OF THE BIOLOGICAL STATIONS

No. 135

Title

The nitrogenous constituents of skate and lobster muscle.

Author

J. Campbell



- FINAL R1!:POliT Tv THE ATLANTIC BIOLOGICAL SrATION
ST. HDR": IS, NE BRUNS',ICK, CANADA.

T IF. -Ir. va ':JUS C k,mITtr' "r SKAT. n LOBST R USCLE

1. Campbell, DeplrtlOOnt of Physiology,
McGill University, Montreal, September, 1933.

Tge lIOrk undertaken during the Su!lIlIIer of 1933 at the Atlantio

cal at ti n, at. Andrews, N. B. was a continuation of the work

begun the previous sUlIJJler at the Fisheries Experiment 1 Station, Halifax,

N. S. and carried on til rougb.ou t the year at oGill Jniversi ty in the

Departm~t of Physiology under Dr. B.P. Babkin and Dr. S.A. Komarov.

As will be t und in the Report of lune 1933 to the Rslif x

Stetion,thepartitionandntureofthenitrogenousconstituentsof

fish muscle has b~n inveatisated nnd their effeots on gl'stric secre­

tion has ala.> been stcldied. The I ulloles whioh have be n studied include

cod, haddock, salmon and herring; of which ood and herring muscle ex­

tracts were fracti nated end the partition of nitrogen in them established.

While the ch ical compost tion of tha muscles differed

importantly in ~.any respects we a 11 only remark in thia place that

cod musole extraots showed a preponderanoe of the lysine fraotion over

the hiatldine-arginine fraction; and showed a striking similarity to

haddook muscle, fraotioneted by Komerov (1933).

In these respects herring muscla appeared 1;.) b intermediate

between cvd and ox muaole, the latt r also having been studied by

KomeNv (1933).

Toe phyeiological effects uf the extracts wers also striking.

Extrncts of cod and h dcock uscle eppeared to produce gestrllo jUioe

of stronger pepUc power end lowsr ecidity then he"ring !!luscle, and

herring muscle, 1n turn, tbnn meat.



eat peptic puwer and low acidity occur,red with

thelyainefractiunofcl.d,1tlile the his idine-arginine fraction

produced e juice high in acid and low in pepain.

The character of th juice secreted by the stomach therefore

seems tu depend un the nature and partitiun of the nitrugen us con-

stituents of the tissue. Cod muscle beinl" hi h in the lysine frection

and low in the histidine-arginine fraction gives" chol1ne-l1 re-

sponse; high in papain and low in acid as cumparad t ox muscle.

Herring muscle is mid-way between eso.

ruring this Slmmer Lobster (Homarus amerioanus) uscle and

Skate (Raja stabuliformis) muscle wei investigated. Lobster musole

ia of interest sinoe lley (1IlZ3) fuund great seoretaguP'ue effect from

its ingestion, giving juice very high in pepsin nd of moderate

acidity. The rea sun .or investigBti~ the ni+r en us c~nstituents

chemically an d phys1a.l ically ts obv10us es the" have b en said to

regulate gsstric ecretiun. Skate lIiUBOle is 81 0 of interest through

its evolutionery roslt1on, 1ts importance a8 an object of phys1010 ical

inveetigationbyDr.B"bkinond others, nn theknownpeculiarneture

of its c('mposit10n by the large amounts of urea and a onia present.

Time permitted ths fractionation f lobst r muscle alone but the nature

of some of the constituents of both muscles was 1nvestigated.

hile a study of physiological effects of the extrscts and

the fraction ther of was alllo plannad end was attempted, thia part of

the llOrk was unsuccessfUl. The d used. havi an Annour pouch and

gaotric fis'.;ula, VI s extremely variable end was later found to have

a chronic gestric ulcer near the fistUla border.

The surpr111ing nature or lobster muscle canposition and of

the less extens1valy studied skate muscle 1a mown below.



tion of the cod and herring extrncts described in the Report to the

flalif x Experimental "ltation, campbell (11133); with the exception,

that in the fractionation f the lobster extracts, the histidine­

arginine, purine md lysine fractiuns "ere liberated from the silver

aalt fQrmod by hydrochloric aoid instead of hydrogen sulphide.

Partioular care "as paid to th~ extraction of lobster musole

because of the rapidity with "hich it ha .. been found to autolyse (Reed,

Rice a,:i Sinclair 1933). T~ lobater 'tllscle WIls excised immediately

after killi~ the an iml by "p 11 ttine 1'ith a cleaver, and oftel' weigh­

ing and mincing "as put into water at 110°C. The 1Iuscle was t eref.:>re

only kept fresh for about 3J minut.os after death. uscle from the thorax

and lesser cle"s was used os "ell as that from the tail end large clews.

After extr ction in tw" v lll:lles f hot t .. ~ "or _0 u;inutes at 85°C. end

p'! 5.0 the suspension as filt ro and tne clee fluid evapourated. The

mUBcle cake "as "8shed and extracted again twice 8a described in the

previ us cOlllJlunication.

,-n the case uf skate the "wing" mUf'cles \'0 ere excised from a

freshspecienandaxtrsctedinthesa wsy.

The "eight of lobster muscle used was 3280 g. (obtained from

12 lobsters) and the wetght of skate muscle wes 1000 g.

The results of the lI1alyses fIld of the fractionation appear

in table 1. In this table tho lEount of the various constituents and

partitions of the extrects aro expressed as mg: of nitrogen per 100 g.

of fresh muscle ( .~), and alID 89 percent of the outal nun-protein

nitrogen (~).



As explainad in the previous Report, the non-protein nitrogen

isthetruenon-proteinnitrogenvalue,ttleproteosesandpeptonesare

not included in the purine fraction nitrogen. The nitrogen of the

purine fraction was detennined when the boses were in the form of nitrates

end is therefore somewhat higher then the true value for this fraction.

The results are interesting in many respects and one is

struck at the uutset by the profound differences shown lJetwe~n the

cumposition of skate and lobster muscle and the muscle of cod, haddock,

salmon and herring.

A full description comparative with the last mentioned group

which have been described 1n the previous report would be too tedious

NON-PROTEIN NIT10GEN

In the group cod, hadd CK, salmon snd herring the non-protein

nitrogen,whileshowingcertinchBrscteIisticsincBses, is in the

neighbourhood of 400. mg.% (380 to 460 mg.%). In lobster the value is

682.8 mg.% aod in EKate 1423. ng.%; or an increase of 50% and 350%

respectively over the average value for the first group.

VuLATlLE BAS? NITR0GEN uTil~ T'!A.N AMMONIA

The value of ttle volatile bases nitrogen other than ammonia

(probably mostly due to trimethylamine) is greet in skate muscle being

152. mg.% or 10.7~ of the total non-protein nitrogen, while in lobster

it is very low being 0.6 mg.% or 0.09% of the total. In the 1,'ormer

group herring has the highest value of 4.7 mg.% or 1.1% of the total

non-protein nitrogen.

AMi ONIA NITROGEN

The ammonia nitrogen of skate, being 35.4 mg. is also very

high, but due to the high non-protein nitrogen velue the percent of the

total, 2.69%, is not high comparetively. The amount in lobster, 19.9

mg.% is fairly h h as is the %of the total, which is 2.9%.



n of skate muscle (ebout 800 .), ia ex-

tremely high. l'his fi re is unf'ortu! tely not known exaotly, henoe

the b1' oketo in the tsble. It re~r e ents more than hlllf the tvtsl non­

pr.Jtein nitr en (56;). In lobster musole the urea .litrvgen is the

lowest of all the 08 es inolucUng tbo form r group.

IN.) G_IJJ • IT. ",G.!

Tbe value d termined by the f~rmol titration is here termed

amino grou;l nitrogen and is celc lsted ea suob, the Mil vnia nitrogen

being,ofcoc.re,subtroted.

The values of tha amino group nitrogen are interesting. Skate

musole oontAins 52.\1 mg. ; a bigh value, he next higbest in the former

group being that of berring I1Ilvunt tv 48.8 .". In skate musole

bowever the percent of the tvtal is 10. being 6.2)10 while in herring it

is 11.<.. In Ivbst-r mus Ie t e amino nitro en is extr8lllely high being

211. mg.~ or 3O.J, of tbe total non-pL'utoin nitrugen.

Ck :ATINE, l' OJ, TIl/Ill';. IT' ,JG~N

The oreetine plus oreetinine nitrogen of skAte is 107. mg.~;

lower thaD in the funnel' oases vf whioh the value of ood masole, 163.

mg. , is lOilost. Croatine snd oreatini.1e ore pl'l'ctioally absent in

lobater muacle.

Tv SUll up '.;hin fird portion of the work we nv that the

enormous value of the non-protein nitrogen of skate muscle is caused

mainly b the mount of volatile bane, :mmonia and urea nitrugen. The

811iin nitr"sen is h h in b olute amount but not as percent of the total.

Lobster musole while havin~ a high non-protein nitrogen velue

is low in the oombined volatile bese, 'IIllllonie and urea nitro en. Cras-

tine snd crestinine are pmotioslly absent nd the "mino nitrogen is

extremel high. This oondition in lobster m scle is further investi­

gated by the frecti nation of the extr cta Whereby the psrtition "f



NIT.JGO,N E BAS S FhhC IJ!!

The nitrogen of the nitr renous bsses fraotion of lobster

muscle is 382.6 mg.~. This is a very high value as the values in ood

snd herri were 257.6 mg.' end 269.9~. respeotivPly. IlG p~roent

of the t ,tl"l non-prot~in nitrogen the flgara is low (56.0 ) and oompares

to <.x musole (53.6~). I'olllarov (1933) rsther thsn ~o fish musole.

PUR INK FRAC'l'ION

The prine frAOtion nitrugen (10.7 .) is n"t markedly

different from the other eeses (24.5 mg. in ood and 8.21 .1 in

herring musole).

RIS'l'IDINF.- RGININI" ',ACTIJN

The nitrogm of the hi tidine-nrginine fraotion (191. mg.~)

is ver;, hivh buth in Absolut I).l)Iount rod ~s peroent of ha total non­

protein nitrogen (28.0{:. nerrtrog 'Iuscle cont~ins 72.7 mg. and ood

musole 32.7 .~. The nitrogen 01' this frAotion uf lobst>r musole is

also twioe Ils great as thAt fuund in ox mueole (89 8 1IlB''') by Komerov

(1933).

LY I ••. ACTIvN

The nitrogen of the lysinefroo ionoi:lobsterl'lusole(150.6

.~) is high but not nearly 8J muoh su as the histidine-arginine frao-

tion. Cod musole oont'lins 157.9 mg. snd berring musole 145.6 ••

The peroent of the t,,1.s1 nan-protein nitrogen is m'J.oh lower in lobster

musole 22.1~ than in ood or herring musolo (37.7 end 33.3 respeotively).

MQ!l0 INO ACID "!lACTION

Lobster murele is also oharaoterised by having a high pro­

portion of the total non-protein nitr en in the mon amino aoid frsotion.

The value is 32.44 while in 0 cd end herring musole the vslues are 22.8~

and 22.4~ resp otively. Sinoe tile value of the total non-protein nitrC6en

is high in lobster muoole the !II1ount of the mono "1ino aoid fr otion



nitrogen (221.5 mg.%) far exoeeds thet present in ood and herring

spectively) •.

The humine ni trvsen uf lobster muscle i 10 as comrared to

cod end herring u cleo In the h ioo nitrvgen 1. <01 nitrugen un­

recovered in the first ph" phutungstic acid precipitation it forma

11.5~ of the tot 1 n"n-prutein nitro n s contr sted with 16.7% for

The tot 1 humine nit ogen of lobater muscle (16,) is oven

lv.er as oom sred t c"d rnd herring uscle (25%).

The investi!'ation of the nitrogenous cODstituents of skate

between the muscl" "f cod, haddock and herring which hsve been pre-

viouslyt'tudied.

The tot 1 non-Dr tein nitropen of lobst r 1s 682.8 mg. or

50~ greater th n that found in the lattsr csses wher.. f .. irly uniform

values occur. This vslue 1n Scste IJ1.Iscle is 1423. mg.~ or 3.5 times

In skate musole this increase is due to urea, ammonis aod

peoially "igh comprising ov r half of the tvtal non-protein nitrogen.

ammunia are low while the lID.IIlonia nitrogen i feirly high.

Creatine and crcetinine nitrogen are pr ctically absent in

lobster muscle but prosent to the extent of 108. mg.~ in skate muscle.

The amino nitrogen of lobste r musole ie extram_ly hieh b th

in absolute amount and as percent of the total non-protein nitrogen

(211. • and 30. respectively). In skste muscle the absolute



amount (52.9 mg.~) is high but the tr-Oportion of the total non-protein

nitrogen is low (6.20~).

r e r~8Ultll of the fractionation procedures show that the

non-protein nitrogen than cod or cerri mu~clB (56.04" in lobster

muscle and 61.44~ and 61.77:' in cod and rring muscle reapectively).

The absolute amount presm t howevor is 11Ich grc('ter in the former cases.

The Purine bases of lobster muscle are quite low.

The histidine-srginine fraction in lobster muscle ill however

very high, the nitr -00 of this frsction bein 6 times that of cod

muecle snd 2 timea thllt of herrin DIlscle. The percent of the total

non-prutPin n1 u en is sls~ !,:r"ater.

The 1 sine fracti n of lobster muscle ill high, but the

nitrugen ,,1' this fracti"n in lobster muscle is alightly lass than

that present in cod '"Uoole.

Tho nitr en of the monamino ~cid fraotion is very high

both in emount and as peroent of the total non-prvtein nigrosen.

It is impor /lIlt to n..>te thet the increa e in the total non-

prutein nitrogen in lobster IIlUscle over the avcra~e value for COd,

haddock, ealm"n and herrin muscle is due to th.. increAae in the

nitr en of the monamino acid d histidine-arginine fractions.

The writer's greeteet thenks are due to Dr. B. P. Babkin snd

Dr. S. A. Komsrov who direoted this work. The Direotor snd Staff of

the Atlantic Biological Station, st. Andrewa, N. B. gave l' c1Uties

andgraethelp in it.



DIST'UBDTION OF NO -PROTTIN NITROGEN IN MUSCLE

Results ara expresseu as mg. nitr.:>gen per 100.g. wet weight
or tissue, end as per cent or the tutal non-prot'lin nitroBen.

Total Non-protein Nitrogen

Volatile baaea (other than ammonia)

(800.) (56.)

Amino-nitrogen

Creatine and Creatinine

Nitrogen.:>tis Bases

"'Purine bases

Histidine- rginine fraction

Lysine fraction

Monoamino acid fraction

Total Humine nitrogen

"'In the rorm of nitrates



Alley (1933)

K erov (1933)

Campbell (1933) Annual eport to ,ish. Exp. stn. !al1fex. 1\. S.

R~ed. 100 and d1nola1r (1929) Contr1b. to Can. 6iol. and Fish.
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