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The work ineluded in the following report is & ontimuation
of that carried on for the last few years at The Atlaniic Biol-
ogical Station, St. Andrews, Ji.B., on the proteins of fish
msole plasma, This work was done during the swamer of 1928, |
Pour phases of the problem were attackeds (1) the earliest post-
,-m- changes in the cﬁmcter or the muscle, (2) a ocomparison
of tho pmtein eontent of rmh plasmg and of plasma from fish
in meximum rigor, (3) a iompu'tm of thc proteins of the plasma
0f the haddogk, the cod, the hake end the skate, and (4) the
source of the amsonia produded during the autolysis of the plas-
ma.

The fish used in these experiments were obtained by means ‘
of trawls set near the Station and were kept in the basement of
the bullding in cement tanks through which circulated a Gon-
tinuous atrean of Bea watei. The fish seemed perfectly normal
exoept that they slmost invarisbly ran a blood sugar higher than
normal.



The Earliest Postmortem Ghanges in the Charagter of the Plasma,
During previous work it was noted that the plisms cannot be
pressed out of very fresh mﬁ-olo. A short study of this phase
was made $0 determine the conditions which esuse the release of
the plasma and to determing the time interval betwoen the msoer-
ation of the muscle and the appearance of the Juice, It was
hoped that tho process might be slow enough in order to ‘a.llaw
axtraction of the proteins sad their isolation before they wnder
went this change. As the change in the musele that enadles it to
give up its plasma undor pressure is a sudden ome; a pretty de~
finite 1doa of the time of this change can be formed,
‘Bxperiment 1t Haddook were removed from the $anks snd stumned by
& blow on the head as soon as taken from the water, They were -
rapidly filleted, one fillet p-.clod in oraciked ice, and the other
ran through the meat chopper and placed in the press. The period
~ between the killing of the fish and the £irst appesranse of juice,
and the period botwoen the minoing of the mscle and the appoar:
ance of the plasma were noted. After a considerable period the
segond fillet was removed from the lce, ground nnd anbjociod t;
prossure. The results of experimentes with six €ish aro so nearly
alike that the reporting of more than one is needloss hpititia.. ;
Maddosk 2, taken from tenk and Killed without strugsle.
Rapidly filleted and one fillet placed in anckod ice. Second 7
fillet minced and prossed; Gave slight mmownt of Julee 9 1/2
miii, afer $he death of Ahe £ish and B /2 min, afber the mesere <

ation of the musele, and a copious flow & 1/2 min, after macer-



ation. fThe fillet pladed on 106 was macarsted and pressed after
25 min, 1t yielded its plasma wedily 4 min. after the spplio-
ation of pressure, The muscle was still riutin at the time of
mageration, : :

Hake ruscle appears §o be of a more stable charactor than
that of the haddock. For that reason the experiment was ropest-
"ed with hake, in the hope that the proteiss oould be lsolated
Yefore the shange ocourred. The fish were small averaging
slightly less m 1 1b, eash, They were caught on trawls and
kept $111 required in the basement tamks, A typical experiment
is as follows, Hake #1 was killed at 10,50 A.i. fillets mao-

“

srated at 10,56, and pressed st once. Press Julce appeared at ‘Z
11,02, ‘Second hake killed at 10,45, and placed &4 once in

oracked ice, . filleted at 11.20, magerated at 11.30 and pressed
at onoe, Press julce appeared at 11.58, 5
" 1% will be seen that, contrary to e¥pectation, there is

little if any difference between the behavior of the haddock

and that of the hake. mmyn«:,xmmmw:m the pro-
Mtimx of the change h the mmtion snd thc pressing, Vhat-
ever the charagter 6t'thu‘ change may be, it is hastensd by ox~
haustion and uﬁqxu. mm-:hmtod in a small volume of

ﬁtu yielded up thelr pl@ 80 rapidly w in only 1 case out

Qx 4 could the muscle be megerated and pressed before the ready
va of the plasma from the gi'ov'm.d muagole. In this case

the plasma appeared 3 n;uutu arter the mageration of the musele., —



ﬁu mascle of these fish resembles thﬁf of She m.ion that were
allowed to lmmm ice, aﬁmﬁ.pmm
even faster than in Be 1akter, This is pnnbxy because the
m-«mﬂuuawmma httulwtholmm
ture, mml mt tgrutu' mtnﬂon of mm aold
in the mselés of the fomer,

At' thu“pmm,vtm no explanation }6: this phanomenon Gon.
- be given, m qpu'tmtl show that 1t 'la' useless to attempt
to isolate the pntqlu before they have undergons this very
carly pﬁﬁ-ﬁttliﬁlgo. It {s hoped that the study of this
problem can be centimmed this yesr.

The Protein Content of fresh Fish Flasma and Plasma of Pish at
3 maxirmn Rigor,

‘ The cause of the oantmum"ot mm“ Atfar death
hu 'mived a great deal '_‘oe‘ attention m- salentists, md'n;_
the prodblam is unsolved. !ho tim .‘d’hﬂa ,’SW.femm wis
mado wmm Chittandon (1) m iuma myosin from mg '
mscle and made a lm of the muscle oui. mwm (2)

and von Purth (3) isolated several protein frections fram miacle
pia-i and fron misole extracts, Altrough not agreeing come
plﬂclg Mr mn in the mn. mm eagh othor. M
mhtd at least M protein fractions, whick the former called
mrwonuogm nd myosinogen. They showed the tendensy of these
: mtom. npoouny of the latm. to M into an imolubl.
clot. thnhmto thc mmmmnmnmum



sists in the M@atlm of these proteins. The studies of the

post-mortem ehemical changes of muscle, especially of the devel-
opmént of laotic acid (4) has strengthened tho genefal belief in
this theory. (5).

A different explanation of the cause of rigor-mortis was
given by Meigs (6). HMe found that frog muscle, when immersed in
distilled water, underwent two kinds of swelling. The former
was thought due to the entrance of water into the fibrils and
the swelling of the contractile elements. This was accompanied
by loss in irritability. The second swelling was considered due
to the breakdown of the walls of the fibrils, and the loss of
their ability to hold back the salts. As a conseguence, water
and salts both entered the sarcostyles, which became congested and
the muscle shortened, It wans shown that the sarcostyles swell in
dilute acid. The accumulated lactic acid provides a suitable re-

-aoction for the swelling of these fibrils. Rigor mortis was con-
sidered due to the swelling of the contractile elements of the
sarcostyles, caused first by the entrance of water, and, after the
digruption of the walls, by the entry of both salts and water,
This theory has been supported by von Furth (7) who thought the
passing off of rigor due to the coagulation of the proteins.

Wacker (8) has advanced yet another theory to explain both
contraction in 1;vlng muscles and rigor mortis. This theory is
also based on the swelling of the sarcostyles, due to the devel-
opment of carbon-di-oxide. Wacker believes he has shown that the



development of acid is too slight to cause either swelling or co-
sgulation of the proteins, He believes that rigor can ocour in
mascle which has not changed in reaction, the lactic acid boing
noutralized as fast as it is produced, and some being burned with
the development of coz.

Wacker has not given very convineing evidence for the above
theory. At the present time the theory does not seem nearly so
probable as the former two. Therefore we shall consider the ev-
idence available in support or in opposition to the former theor-
ies.

The only protein part of the muscle that is thought to be
in solution is the sarcoplasm, If rigor is caused by the coa-
gulation of these proteins, because of the development of acid,
the maximum coagulation should be expected to occur at the iso-
electric point of these proteins. The work of Logan (8) has shown
the mﬁsoh plasma of the haddock to consist of at least two pro-
tein fractions, one with an isoelectric point pH 6.0 and the
other with an isoelectric point pi 4.8-5.0. Benson (9) has showm
fresh muscle of trawl-caught (exhausted) haddock to have a reac-
tion of pH 6.85 to 6.59, and of pen fish, a reaction of pH about
7.3. At maximum rigor haddock muscle from 6 fish had a reaction
ranging from pH 6,68 to 6.49. Therefore rigor mortis in fish
muscle is not due to isoelectric precipitation of the proteins.

If the proteins are goagulated during rigor, and there is
no absorption of water, the concentration of the muscle press

Juice in proteins should be lessened. However if water 15 imbibed
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by the contractile elements of the sarcostyles, the sarcoplasm
should be econcentrated in proteins. The following experiments throw
some light on this matter.

The haddock for this experiment were obtained from the basement
tanks. They were killed and the fillet was removed from one side.
The fillet was minced and the press Juice pressed out. The fish was
hung by the head and maximum rigor was shown by maximum curvature of
the figsh caused by the contraction of the muscle. During maximum
rigor the second fillet was removed and the press juice obtained
from it. Obviously not all the plasma of the muscle was obtained,
The volume of the plasma of the muscle in rigor was usually about
half or somewhat more than half that obtained from the fresh
mascle. The total nitrogen and the non protein nitrogen were ob-
tained, the difforﬁnoe between them giving the value of the protein
nitrogen. The nitrogen determinations were made by digestion in
26-200 nm. test tubes with concentrated H,S0, and Hg0, , and nes-
slerization. The proteins were precipitated with Na WO, 10% and
H_S0, 0,667 N as in the preparation of a protein free filtrate of

2 4
blood. The results are summarized in the following table.



Figh Fo, Period of Potal ¥, per Non Protein K, Protein
Slgor 100 oe. plum per 100 co. .5 per

i Before 1.“ al. O.IB “. 0,69 p.

During 3.98 0,53 1.39

& Before 0.6 * - 0.28 " Q.28 *
During 1.4 " 0.38 » e ™ el
3 Before 1.2 * Q.36 " 0.86 "
During 141 " 0,37 » 1.0
o before 1.79% *~ 0.29 * l.46 *
During 2.8 " 0.4 " .00 "
B Before 0,99 = 0,30 *» Q.69 *

During 1.4 * 088 ™ 1.2 "

1t will ve noted that the rise in non protein Mm is,
in all but one instance, negligible., The rise in concentration of
protein can be aeoousted for by either an incressed solubility of
protein or by a reduction in the amount of water in the press juice.
This work is being continued with cat fish and results seem to in-
dicate that there ls no inerease lu the solubility of the proteins
that could sccount for the difference in the concentration found o
bove. These facts lend support 5o the theory that rigor is accom-
panied by the imbibition of ul_'.or intc the muscele elementa. If
water and the non p;oton fraction are imbibed at approximately
equal rates the above results are explained. The details of the
work done on eat fish will be given im & later paper.

-

The Isclation of the Proteins of the Haddock from the Muscle Press
Julice.

The work done by Logan on the proteins of the bhaddook was



carried out exclusively by' means of extraction. The muscle was
ground and dislysed to free 1t of its natursl galts. The mte of
dlalysis was exosedinigly slow, It was thought that the proteins
might be more easily obtained from muscle press Juice -lﬁch should
be more rapidly dialysed free of its sults. The plasma was ob-
tained as in the previous experiments and dislysed in collodion
saes till the dislysate was salt free. A jrotcih precipitate
fomed in the sao. This was filtered off and the filtrate brought
to varicus concentrations of hydrogen ion. In some cases the
protein was precipitated. The precipitate was filtered off and
I determinations were made of d.lqu_otl of the filtrate, As ooﬁ-
parative values had as great significance ag actual values, the
digests were nesslerized and read against each other, the greate
est colorimetrie reading Indicating the lowest protein content
and therefore the maximum precipitation,

The precipitate that fomed in the collodion sae was treated
with O0.9¥ Fall. The greater part went into solution. It wes
filtered and the isoelectric point found in the same mammer &s
that of the protein soluble in water.

The procedure is very similar to that of Logen, the main
difference being the use of the micro-ijeldahl and Hessler's sol-
ution instead of the macro-Xjeldahl for the detemmination of the
protein nitrogen. The results are as follows.



Vater Soluble Protein

Fisk #1 pi Colorimetric Reading.
Bea Nesslers pptated. due to excess lm5
5.4 11.6
5.6 16.5
5.8 18.9
5.9 19.8

640 20,0
" Bel : 20,0
6.2 19.6
6.3 19,0
6.4 18.6
Salt Soluble Protein
4.4 18.6
4.6 19.9
4.8 20.2
‘840 20,0
5.1 19.4
5.2 18.3
5437 17.1
5,37 17.6
B4 16.8

Fish #2 Salt Soluble Protein.
4.4 18.0
4.6 19.3

8 : 20,0
):.0 ’ 20,0
B.2 18,5
544 17.1

!hmnluarono similar to those of Logen that they need
no gomment, For mu amounts of material the most mpum
of preparation is as follows. The muscle press juice is dialysed
i1l free of salts and filtered. The filtrate is brought to pi
6.0, and the water-soluble protein is precipitated. The precip-
itate from the dialysis 1s dissolved in 0.9 NaCl, filtered to
free it from a portion that has become denatured, brought to pH
4.8 and filtered. There is a considerable loss in this process
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as the greater part of the proteins camnnot be pressed out of tlu

mgscle.

Zhe lsolation of Erotedn fwom the Hake, $he Cod and the Skate.

The proteins of the above fish were obtained from the muscle
press Juice by means of dialysis. They were dialysed in collod-
lon sacs till a heavy precipitate appeared in the sae and the dia-
lysis water was salt free. The contents of the sac were filtered,
the filtrate brought to definite P values as in previcus exper-
iments, and the amount of protein remaining in solution deter-
mined by digestion and nesslerization. Minimam protein values
are showm by maximum colorimetric readings.

The precipitate was dissolved in 0.9 ¥, NaCl and filtered,

It was brought to its isoelectric point in the same manney.

Proteins of the Hake 1.

Water-soluble Portion

pH Col. Boadlng
6.0 20,0 <
5.9 254,56
5.8 26.3%
b6 25.4
5.3 P
5.0 20,0

Isoelectric point as indicated by point of minimum solubility is
about 5.8.
Salt-soluble portion,

pH Col. Reading.
8,5 20,0
B.2 Riel
Bel 25.6
5.0 2544
4.9 25.8

4.8 25,3



She isoeleotric point lies betwsen pH 5.1 and 4.8.

Hake 2.

Water-soluble Portion,

pH Colorimetric Reading.
8.5 16.4

6.3 19.8

6.1 22,0

5.9 24 .5%

5.7 23.1

5.8 22.7

4.8 20,0

Salt -soluble Portion. In view of the indefinite results of
the former experiment, the proteins wore brought to pif 5.0 and
oentrifuged. The precipitate was dissolved in dilute salt solu-
tion to which was added enough alkali to remder it faint pink to
phenolphthalein, lost of the yrotein went nto solution. It was
filtered and the filtrate precipitated at various concentrations

of hydrogen ion as before.

-

pil Col. W .
8.0 8.1
5.7 10.2
5.4 - 11.5
5.2 : l2.2
5.1 16.0
5.0‘ 20,0
4.9 ' 19.2
4.9 23.9
4.0 25.4*
4.7 2448
4.6 4.5

In the second experiment the isoelectric peint of the water-
soluble portion is about pi 5.9 and that of the salt-soluble pro-
tein about pH4.8. The reading 19.2 for piH 4.9 is bénnu to be
an error in analysis. A duplicate analysis gave the reading 23.9.
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Unfortunatoly no more materisl was avallable.

Conclusion. The proteins of the lake are very similar to those
of the haddook; the iscelectric point of the water-soluble protein
being about pil 5.9, and that of the salt-soluble protein sboyt pH
4.8, Determinations of hydrogen ion were done colorimetrically

and they are not thought to be correct to more than C.2.

Proteins of the Cod uscle Plasma. The above experiments were re-
poated with cod muscle press Juice. The dialysed proteins were pro-
¢ipitated and redissolved at pH 9 in order to get them in a more
pure form. The results are as follows.

Water Jol. Proteins.

#1 jr Col. Reading.
' 5.9 20,1*
6.0 2040
6.1 18,3
6.3 18,0
Ged 173
5.6 20,0
’ﬁz 5.8 21.8*
6.0 20.9
63 R & .
#5 6.2 2040
6.07 20,7
5.9 21.3*
5.8 20.9
#4 5.6 20.6
5.5 20.0
5.6 19.4
5.4 18.1
#5 bok 18.1
6.0 19.6
5.0 20,0*
B.77 19.2 .
5.4 18.6 .
6.2 17.4
Salt Soluble Protein )
5.4 18.2
5.2 19.6
5.0 20.0

4.6 20,5




Proteins of the Skate.

.. Skate muscle fiice was dlalysed 12 hn. ,aﬁdﬁ mtrmd. - The
water-soluble j}ei-tion was {veatod as in pmlm axperiments. The
residue in the centrifupe tudes m #haken up v!thlo.ﬁ ¥, Nall and
mmtritmgeﬂ. the vart going into solution being treated as the
salt-polublae protoim in the pml.ou ezw-mu.

Unter-soluble portun. '

P 001, Reading.
4.7 { 4.2
‘v’ 3'06
5.0 R6.6%
5.2 ' #.4
5.6 BT 17.6

Salt-solnble portion. g
Sl 20,0

B0 2l
4.8 22,3
4.7 22.9*
b7 21.3
4.1 201

Conolusions The Telated £ish, the haddodk, the aod, and the hake
have plasma proteins of & very timilar mgm. Two proh'ﬁl.m
found in ensh fish, and the -iso‘oh,ctri.o_ i:oint of the proteins
were very .mm. In the 'mn musole wore tmmd two pnto!m.
one soluble in water and 'tha other soluble in mu;g-‘..'xm_a in
the other foms, but with isosleotris pom. of shout pif 5,0 and
4.7 vespeotively, The proteins of the m;tnn are nnder examin-
ation at the present time.
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mmnmnwmm Mlmﬂ“ﬁ ;
to mmorar. ﬂ‘ Be Mmdoo-nnm on mutolysu of

fish mugels, lm mu was done on tho source of the ormonis Pro-
dnoed during $he Wkolysis of fiax musele, Biiss (11) has shown
mtmmhmiod mmm.wmxurmorpu-
» uhma-umgn. na»umammamnm that re-
lmﬁwmummmmelm ltm thought
‘possidle that ammonia pmd mmg mlni- is amm £rom
thtbrm.mot hmtﬂogrm elmmum‘ To detemmine
the »rrocuna of this m«tnm m.wnl were made of amido
nitregen and mﬁa um of mlo puns before and after
mtolysu. It the &umo m aamo nztroch u equal to the ine
crm-umuuunmmmumt muammmu
thh sourca. , : :
‘ m naumiantm of Ammonise m to n‘vo hﬁ. 'plam were
pmoamMm. tus m.zu.usoﬁnaoo;udzmpu
saprylic alechol were addod and the amonis sorated into dilute
ue1, and mnmm in the ususl manner. nqpnm- mlyn-
checked wmun 2% and added anmonia was vocovered within the same
error by 1 hm mm. A1 analyses wore serated 1 1/3 hours to
ensure oonplcu m

ktmiu ot Anuc Ittm&. One w m g6, plasma wers
plmd in a mtﬂmge tubc and umd woll with &M'l roagent,”

M'grm&mhuutm. tanaiuaudmaoo. clacm
aostie .au and no e, ar m aloclwl. |



-m- was ‘the od.v pmmwn am m:g mu.y W pre-. ’
eipitate with the aum].ytod Flaena, € 90, ving srotein tree
filprate mh mh thttmh m mww pxmi-. mm- :
: oipiuu m M&'W and tha mmmtut uqnu um :
m pl"ﬂlpitatd m mm twice with m m-u. 4 l.u. oc 4N,
IOL wore mm naf m ﬁo).o vn mexy“d ﬁrt mm in a
| bolung wator bath, The bydrolyutc was moa 1n%0 o um tent
ot tuhi. nade baaic M&h laa!’., and tho Mﬁa Mhtld mo dilute
HOL and nnﬂu&n&. | :

Tha massle pzuma was ohuinu tm fish tm th@ bumt
tm. mmmry umumam of amide nimsn u of
mnia n:tmmnio nmm ut uub. mw.u 1 ee,
u;mumas tubo tormﬂonlmanizec. in & large
test tube tor aumonia nitrogca A hﬂ’u ﬂl &.3 dn mporuu

'tt thwuntofplmwmd tocuh. !olmlm thoroughly
dmuumpummmunm. mmxmmm |
completo atmub but Gon not anon an mo Ln the batu-
1al content -rmmmz: 1% 1 mmuuuum it :
(h’. 3. By 3M. n-mm munw. m tubes ware 8ot -
sthhwihthﬂu uruu wauov ehnwmtot the .l
ammoiis, At'm this incubation period umlnn of the amide nie
trogen and of mumuummmm. mtm’lum

‘mmm in the following tablos.
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REp _a?mw Inoubagion = Amide ggm.

imont ‘Amide Ammonis ~ Tenpers- Uime  Deorease
¥o. o HgRs. Mgs. . . ture. . Days. Mgs. . Mes,
e Proliviinary 56,4 @ 1l.4 Room. ;
Final 31.1 16.6 (18°) 2 5,3 6.1
2 Proliminary 43.1 10,0 '
Average = 43,3 10,0 :
Pinal 86,6 15.4 oy
38.2 15,0
- Average  37.4 15.2 B9 b.2
3 Prolininary 8540 8.0
B2.0
Average B&.5
Fisal = 418
TV : :
Average  41.7 18.6 " 17} 10,8 10,6
4  TProliminary 4.6 1148 : '
Average  34.6
Final “ BL46 U 2B
S o &
Aversge ' 21,1 2Bt " b A58 . 13,6
6  DProliminary 54,7 . 9.8
5 T
Average  3B.1 " 9.8
Final 20,9 269
\ 25,9 ; ; p
Average 2644 . 8 42 17.1
¢  Proliminary 474  11.6 M
Final 32,0  2B.8 " B 4.6 14.0

7 Proliminary 47.6 8.1

. 48.56 8.3
Avarage 48,1 B2
Pinal 36.8 16.5
b : 57.4 167

Average 38,1 1646 » b 10.0 8.4
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; mmuxu-hovehat Mmﬁrm.umtm. ch-u-
uhtemad mrmmuawumzmmmmnm

7 _-.'otmmuw. hm&ummmhmmuma

'mtmdolmﬁumm'mnna-mmw
| 'ﬁmnun mm anide nltrogen from proteins 1in genersl, it 18
mxyprcmto mnu mumnmmwzm

muomtmhtm. RO

m mm:pocmrmmn inmsaloban bmstudied.'
. Itowme tmuul ﬂmt W?W msonpu that it 1is inponanvlc
0 Sselate w pmom tmaou‘ with tho methods ab present e

_mmu, batm thou proteins have mmo n m m Mu-
#er. Tho nature Gf theso ehanged is uot Known,- |
T b«n found. that the ocnoentretion of whe pxm in
 proteln inu'auw mnaidmls duﬂng vigor. It is thought that
. this obime.uon ml hu to pnof that during mmu- pusses
from the plaana to thcfaand eloments of the musole.
"amuummmummmumm
thqhdu. mcoamamm Astrimcsmmivmbm
vmanmmumormantm |
| uuboumapm thst the greater part, 1f not sll the
'mu mm during u aumyun of £ish muscle plasma is
mmrmmmummorm- paohirm.
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