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Occurrence of Histidine in the Nuscle

Extractives and its lkelzbolism in Fis

Tissues

forihiko SAKAGUCHI - Manuscript received:
Akira KAWAT ) i 8 February 1971

1. Introduction

Tisaue ektractiveslfrom fish contair numerous compo-
nents. Physically and Bio—chemioalﬂy these extractiveshare
believed to comprise variogs compounds, which are largely
present in a free state in the ticsues drkcell.. As for the

muscle extractives, they were studied mainly from the food

&

chemigtry pbint of view--the tes{e\bf fish meat!=3)or its
‘putrefaéti5na)w¥sinée muscle is the'ﬁain edible nert of fish.
| According to prévious studies, moétzof tﬁe muscie
extractives of fish gene‘ally comprises nigrogenpus compo-
-nentS.S) loreover,. smino acids are élwéys found in all these
componenté in~féirly large5)prooortion. tany of “the analysesélo)
in the past showed uﬁusual]y High amounﬁs of Lehistidine

(henceforth zbbreviated as histidire) in the extr:ctive amino

acids in svrfece swimmirg fish, the so called red-meat fish,
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C e s . . . . . 211,12
Histidine is recognized as an essential amino acigllsd )

for
some figh, not only from the viewvoint of feood chemistry but
also from that of the nutritional value for the Ffish itself.

In spite of this fact, however, very few stvdies have been
oonéuéted on the metabolism of.this amino acid in fish tissues,

The auvthor has analvzed the muscle exiractivesgs of

various fish from comparative bio-~chemical pvoints of view.

This paper deals, first, with the occurrence of histidine in
those extréctives along with some reports nrepared by others;

and then erxplains the studies by the author and others, on

the metaholism of this amino zcid in figh tissues.

2, Occurrénce of Free Histidine in gish
Thg composition of the muscle extractives differs from

fish to fish. Fven in the same species, it. is affeéted by

age (%he'siée of fish) aﬁd other phyéiolﬁgical conditions.

: : level _
The histidine/in the extractives also fluctuates guantitatively.

Differences in Free Histidine Content According to Fish Spewies

Shewanlj) stated long ago in his general ftrestise that

many researchers had reported the existence of histidine in the’

muscle extractives of dogfigh shark, mackerel, sardine and

tuna. Of these, tuna was reported to contain 470mg%. ShinﬁzulM_

conducted deteiled studies on extractive nitrogen in many
teleost and selachian fish. He stated that the selachian and
red-meat fish contained higher amounts.of histidine than the

white-meat fish. He clarified that this quantity in the case

B e S et




of the teleost fish had its origin in the diamino group
nitrogen, particulnrly the sroinine and histidine group
nitrogen. . He then showed, by measuring histidine directly,
that the guantity contained in the red-meat fish was 10 to
200 times more than in the white-meat fish (Table 1).

| The author and otherslS)‘have~also measured 18 kinds
of amino acids, taurine and urea of two speéies of red-meat

fish (yellowfin tuna & mackerel), two species of white~-meat

fish (grev rock cod & flathead sole), the fish of light-

colored meat (horse msckerel) and svwotted shark which belongs

to elasmobranch of selachian. .As a result, it was confirmed
that histidine in the red-meat fish was present in fairly

large quantities, while- it was about the same as other amino

~acids in the white-meat fish (Table 2).

Among imidazole coﬁpounds'found'in the muscle
carnosine (B-alanyl-histidine), angérine (6~alanyl-l-methyl-
nistidine), valevine(® (B-alanyl-3-methylhistidine) and methyl-
histidine (l-methylhistidine and 3~methylhistidihe) are
known. Luktpn and Olcott16) measured the ¢0ntents of histi-

dine, methylhistidine, carnosine and anserine in 31 species

~of fish (Table 3). This.fable~show3»that, on the Whole. the

‘red-meat fish such ss tuna, skipiack, mackerel and gardine
contain histidine or histidine and anserine while only

"anserine is marked in black cod, swordfish and marine salmon.

It is worth noting. that the total amounts of these imidazocle

compounds make up more than 50% of the extractive nitrogen.
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On the whole, nresence of methylhistidine and csrnosine is
not eignificant in fish muscle. But there ig an exception
with the latter in the case of eels. This was reported yearé
ago hy Ackerman and HOppeuSeyler17), and more recevtly hy
Koﬁoéu et 21.13) and Suyama et al.lg>. There are only a few
reportsl0:15:19)on the histidine content of the extractives
"frém the elasmobranch, and they indicste the histidine con-
tent to be about the same as, or a little more than, that of
theé white;meat fish. Suyamal9) reports that many species of
the elasmobranch contain substantial amounts of anserine.

An analysis of the histidine content in the extrac-
~tives from various varts of the samé fish throughout an
exveriment ig seldom available, The only daté availsbhle 1s a
conmparison of.the contents of dark meatlo'lé'zo), 1iver2l)
and 1Lo0d22) with that of ordinary meat from several fish.

- Also available are the results obbtained with heartZI)

.and
.kidney23).(Table 4}, Histidine ig found plentifﬁl in the
ordinary meat of yellowtail aﬁd mackerel; -but in their livers,
kidneys and hearts, the amount was no more than that in fhe

muscle of the white-meat fish. Its content is relatively high

. in the dark meat, which is well developed in the red-meat

fish., However, it never seemed to exceed that of the ordinary

meat. Thus, it may be concluded that this gituation--extreme-
1y high free histidine content--exists only in the ordinary

meat of the red-meat fish.
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Changes during Growth . 32

The environmental conditions under which fish live
and the changes in physiological conditions of fish themselves
are coordi-ated intricately in nature, and affect the growth
of the fish. It can be assumed that the composition of the
extractives in growing fish changes gradually.

Data concerning free histidine in the muscle of grow-
ing fish is wvery scarcelo'24j25). Only a ccmparisoﬁ between
big and small fish is found. The red-meat fish such as

vellowtail, mackerel and horse mackerel, as well a2s fish of

light-colored meat, seem to have a tendency to accumulate it

as they grow bigger (Table 5). The author and others26) 33
studied the amount of free amino acids in carp. These carp.

- were teken from the same hatchery and observed from the egg

stage Jjust.before hatecning and wuntil growth into adulthood.

. (Tebles 5 & 6). Histidine is at its maximum level in young

fish of about 3.6g in weight, and decreases afterwards. DMNores

over, this amino acid is found in grester gusntity than any
other of the 17 amino acids in all fish--from small fry of

0.3g in weight to =2dult fish. Generally sreesking, the free

histidine content of the muscle of crucian carp or adult.carv

nd ie maras or less at the same

J$Y]

ig relatively high22'27>
level 3s thet of fish of light-colored meat. Tne fact that
it reaches its maximum lavel in still growing fish like young

carn, may indicate some vhysiologiczl demand for histidine at

that stage in the 1ife of the fish.
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Changes in environmental and physiological conditions
of fish affect the composition of extractives elther directly
or indirectly. These changes may be observed as seasonal

changes or chavges related to spawning. Concerning these

25,29) Bh

changes, Shimizu el al. reported that mackerel caught in
the Sea of Japan in soring contained lesg histidine than that:
caught in elther summer or winter, Hughes3o)analyzed the
muscle extractives of herring caught off England. He stated
that although histidine seemed to decrease from fall towards
winter, it is difficult to obsetve meaningful seasonal changes
in the higstidine contenﬁ because of the differences in size
and thevdegree of sexual maturity of the:éamples; Generally,
uﬁiform samnles are hard to obtzin for the study of seasonal
changes, hence no definite corclusions can be drawn from the
results bf_thevanalysés.

W00631'32> obfained very interesting results by ana-

lyzing extractives from the tissues of various organs of

sockeye salmon journeying upstream to spawn.(Tables 7.& 8).

buring this journey there wes a rapld decrease not only in
fhe concentration of free histidine in the muscle but also in
its level in whole:tissue as well as in whole body. It is
thought thaf becaure gsalmon do not féed during migfation, its
free histidine may bé ugsed up as a source of énerey; or it
may be changed to substsnces that are reauived for spawning.

Furthermore, he gstated that during this period the

anserine level did not register any change. At present the
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vhysiologicel role of these subst=ncegs in fich, that contein

a larre amonmt of histidine snd ite related compounds in the

ruscle (red-meat fish is 2 typical ewsmrle), iz not ot all

oA

clesr,

3, Fietidine Metaholiem Precerss in Fish Tigsue

‘Whether it is & white-mest fish or s red-meat fish,
hiastidine from focd serves ingide the fish as s synthefie
substance for Leody protein.  Other than that, it is thought
to be metabolized and used as a source of energy or for
other curposes., The metatolism of this amino acid is gener-
ally known to follow a histamine pathway with decarboxylation,
and-an vurocanic acid pathway with deaminationBB). It is well
known thzt among mammals, under normal pﬁjsiblogibal condi-
tions, histidine metabolism mainly follows the latter path-
wayBu). |

This éathway was studied with baéteriaBé) besides the
liVefs of mamﬁala, and.very interesting results'weréthtained.
However, practiéally no studies were conducted-With,fish. 1n
this narver reference is made only to the results obtained
from the studies .of mammals, and those of bacteria will be
reﬁorted at =ome other time.

QOccurrernce of Histidire Fetarolic Activity in Several Species

of Fish o

When a fish is under certain normesl physiologioal
conditions, histidire brought into the body vool is believed

.to degrzde at a fixed rate. Therefore, the author et al.

gt ne s XY




studied the intensity of metabtolic activity in variouws orgsns
of geveral specles of fish in order to stusy the tissue of

the organs involved. The method used may be descrihed briefly
as follows: after the tissue was homogenised in five volumes

of & ‘celd 1% KC1 solution, it was centrifuged at 10,000Xg
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Fig., 1 Occurrence of Higstidine lMetabolic Activity
in Ammonium Sulfate Precipitetion Zone of the.
Liver Extractives- of Flathead Sole and Yellowtail,

for 20 minutes. ~ Ammonium sulfzte wag then added to 1ts super-
nafe to dbtain 70% saturation. Precipitetion zoﬁe was then
collectead. When this was dialyzed for 12 hours in 0.05W
phosnhoric acid buffefed solutién (pH 8.0). we found thét this
zone could contzin almost the whole of histidine metebolic
activity (Fieg. 1). From similar samples, we compared the

histidine metabolic activities in mackerel, yellowtiail, prey

rock cod, flathezd sole and carp (Table ©).

Its activity was the strongest, for all fish, in the

liver follcwed hy kidney. It was ohserved that mackerel and

35




vellowtall had the activity concentrated in the tissuves of
their well-developed dark meat, and mackerel also had a little
in its ordinary meat. Furthermore, we compared the livers

wi{h_wé%h strong activities, but it was difficult to detect

any distinct differences between them except in the case of

flathead sole., Also compared was the metabolic activity per

unit weight of fish. Histidine amounts that were metabolized

are as follows: mackerel 0.24 umole/hr., vellowtail 0,26, 36

grey rock cod 0.05, flzthesd sole 0,02 and carp O, 61 This

result is quite interesting because it 1ndlcates that the
netabolic activity is higher in specles, including carp, that

accumulate a comparatively large amount of free h] tidine in

. the muscle. r“he orﬁlﬂ ary meat of mackerel had a little

~activity but yellowtall, which is also 2 red-meat fish, did

not. When histidine cccurrence was studied in the ordinary ..
meat of several specles, it was found to exis®t only in two of

the red-meat fishy; sardine and mackerel (Table 10). All of

them had this zctivity in their livers, .
: sunern=te

Formation of Uroe= ng 2id_from the Extractivey of Nuscle and

We found that the sample from ammonium sulfate precipi- .

tation of the ordirary meat of m=ckerel had weak histidine

métsbo]ic.acﬁivity. ~We also found that when thé'previously

"obtained supernate was incubated under identical cerditions in

the Dresence of toluol, free histidine in the muscle decreased
gradually and at tne gsame time 1ts absorttion in the ultra-

violet region increased (277mu){Fig. 2). Next, this supernate
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was dialyzed and free.histidine removed. A specific amount

of Histidire was then added and its degradation followed. 1t
became clear that its absorption in the ultraviolet region
increased along with its degradstion (Fig. 3),m When the liver
waé éentrifuged at 10,000xg for 20 minutes, the amount of
higtidine that had been zdded degraded rapldly and its absorp-
tion in the ultraviolet region increased, However, it was
algso observed that with a longer incubation, this absorption
decreased slightly (Fig. 3).

The substance wiich is produced by the absorption in
the ultreviolet region, is believed to be L-~urocanic acid
(hefeafter referred as urocanic acid), which is considered.to
be the first oroeduct of histidinemeta’odlism.~ It was identi-

fied by the following three methods?8)

the dialyzed super-
nate mentioned aboye was incubated for one hour with histidine
at 37° pH 8.6, and subjected to ion exchange chromatography
using Dowex 56X8. Thié was later compared with a pure sample,
The behaviour of both was exactly the same (Fig. 4).

The avsorption spectrum of this substance in the
ultraviolet region coincided'with that of the pure érpduct,
ahd also with the spectirum of the sﬁbstance produced from the
centrifugal supernéte of liver (Fig. 5). It was found out
that in both the maximum absorption,‘at pH 7.3, was around
276 to 278 mu.

Also, when vpaper chromatosravny was developed (20°0)

with Toyo filter paper no. 51 and n-butanol-acetic acid-water

(L:1:1), both spots coincicded precisely with Rf value of 0.59,
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Thus the substence obtainedxfrom histidine Dby the
muscle supernate was identifled aé urocanic acid. The sub-
stance obtained from the liver supernate can also be con-
sidered the same sirce it yvielded the same spectrun.

Generally the enzyme-relafed to the production of
urocanic acid from histidine ishknown as histidineaminase or
histidzse or, more properly, histidine ammonia-lyase (E. C,
4.3.1}3)3C) and éatalyzes the follbwing reacticon:t

Histidine;;&urocanio’acid-fammonia

The ammoniuvm sulfate bre01pi*ate of the mackere
muscle also ylelds egual moles of urocanic acid.and ammonia
along with the degradaticn of histidine, forming a chehical
'quantitative relationship (Table 11). Fro- these results 1t
can be sald that the histidine metavolic activity found in
the muscle of EQQKQEQ] is based on nvstidiﬁéﬁminase activity.
Also, Since urocanlc aclid 1s produced the histidine activity
in the liver must he due tc tnig enzyme action; |

‘There has so f2r been no report dealing with the exist-
ence of thie enzyme in.the muscle"of aniﬁals. This:repoﬁt
rust e the first one. The characteristics of this muscle
enzyme are described later.
' Suvernato

Deara ation of Urocanlc Acid in the- nxtract1v¢/'of the Muscle 38
and Liver of Carp and .ackerel

In the-cepe’of mackerel liver, it was observed that:
urocanic acid yield ﬁecrea ved a little with longer ircubafibn
as seen in Fig. 3. This may be regsrded ag due to the exist-
ence of urocanase ac%ivity in the li&er-extractive (centri-.

fuged supernate). Hence, the existénce of urocanase activity

.

or imtorre ey Peman e R T, B
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was studied in the muscle and liver samples of carp, besides
mackerel (Tanle 12 and Fig. €)., In the case of muscle
amples the urocanic acid degradation did not occur in either
unernate
species, egradation cccurred Jn the 11ver e\trﬁcflvo/ bu
the degree of activity was far weaker in the liver of mackerel

4 . Lysdply N
dy 1t has been renortedf1.+u)tnat

V‘J

than that of carp™C), Alre
this entymic activity definitely exists in the livers of land
mammals such as cats, cows and sheep; and the formation of
imidazeolonpreplonic acid 9ccbmpanying uroc:nic acid degrada-
tion has also been recognized&l”%3).

Urocanic acid +H.0 g= imidazelonpropionlic acid

Rao and Cr@enberg”u) end, more recently bwaine)‘!"fs) haﬁe

taken this enzyme from the livers of cows and cats, refined it

to a Q1rlv hlvn degree and. qludJ@d a few of 1t characteris~"

tics. In the case of caAarp, comparatively streng activity was

found not only in the liver .but also in the Kidney?9),

© Supern=ate
g ~Histidivie ¥Metaboliem in the Fxtractive/ of the Livers of
Carn and #ackerel ~

I order to learn the process of histidine metabolism

u

in fish, it is necessary to study not only the step by step

reaction mentloned abtove, but also the amount of histidine
supernate

that can be metaboliged ia the tl‘oue oxtrachlve/ "Therefore,

LJ

e nietidine (U) Qas used for the Study to determine the
matabolic medium in which this wadwoaht3v1tv penetrates the
least. The Centrlfuged.supernates of the livers of carp and
mackerel, obtained in the manner described earlier, were

incubated a2t pH 7.2 and 37°C. After that the metabolic product

R Y]
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of histidine was put through an ion-exchange column of

Dowex 140). In the case of carp (Fig., 7), the peak of L
histidine gradually decreased aftef 25 minutes and after 120
minutes; and the veaks of me*taholic products such as 10
urocanic acid, lacnformiminoélutamic acid and 1“C-—glutamic

acid, increased. Axrong them the acéumuletion of formimino-
.glutamic acid wviag significent (Takle 13). The formation of

this substance means that imidazolonepropionic acid, formed

hy uroc=nase action on urocsnic acid route (deamino route)

that haa so far been revorted, ig transformed into formimino-

: : — _ Lo
glutamic zcid by the action of imidazolonenropionase (imida-
. zolone-pronionate amidonhydrolase, E, C. 3.5.2.7). Also, the
formation of glutaﬁic acid'squests-that this substance is
tnen formed from formiminozlutamic acid by the actiﬁn of
glutamic acid formimindtransferase (N-formiminoglutamate:

"~ tetrahydrofalate-formiminotransferase, E. C. 2.1.2.5),

It has been reported that in the case of mammals the

activity of imidasmolonecropionase was found in the liversHC.4¥7)

and that of transferase was found not only in the liver848'5o)_

but also in the ¥idneysS0) and the spleensS0),

n

In the case of mackerel (Fig. 8), the veak of Lhg. ‘
histidine gracdually decreased aiter 25 minutes and after 120 i

minutes, and the peak of 1k

C-urocanic acid onlv increased,
Radioactivity in other metabolic substances was almost nil,
(Table 14). Tnhis, as stated before, coincides with the fact

that urocanase activity is markedly weak in the liver of
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Studying the metabolic process of histidiné in fish
liver from these data, as seen in the case of carp, we find
that histidine catabolizes repidly o glutamic acid just as
in the liver of mammals .,

—EH +H20 +H20
Histidine -—3 urocenic acid — imldazolonepropionic acid —s

formiminoglutamic acid .
"+tetrahydrotfolic acid
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On the .other hand, as éeen in the case of mackerel
liver, the degradation of urocanlc acid does ndt occur further
becanse of a weak urocanzse activity. If this substance is
not excreted from the body as it ie, then it can be explained
' thﬁt;it is carried from the liver to entirely different organs,
énd is catabolized there. Also, in the case of fish, urocanic
acid, produced by histidineaminase in the muscle, does not
degrade further since ufocanase activity does not exist in the
muscle and must be treated oy tissﬁe other than the liver. As
to degradation of imidazolonepropnionic acid, another route is

! X . s 4 y
knownBL) for mammals but ig omitted here,

L, Some Characteristics of Histidine Deaminase Obtained from
the Muscle and Liver of dMackerel

It has been stated before that mackerel has histidine
deaminase not only in its liver bhﬁ~also in its muscle (ordi-.
nary meat).. This is an essential and Very important enzyme
for catalyzing thé initial stage of the urocanic acid route,

A study hag been made on the enzyme samoles obtained from
3 yme X

bacteria Pseudomonas fluorescens and an explanation of its

function was attempted#S). Also recently dechler*é)-reported

fhe biochemical and physicochemical nature of‘what are thbu—
“eht to be uniform samples obtained from Pseudomonas sp.
There are many studies53”6o)_related to metabolic control
based on the nuantitative changes of enzymes.

This. enzvme, as h=g been ¥nown for long, occurs not

. . : - L. . . 2
only in the liver of many mammals and in various bacter1a3ﬂ6k63

i . L
hut also in human ecidermisou), The existence of this enzyme
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in fish was kﬁown to -be only in theiliveréB). The author et
81.65’71) found its activity in the liver, muscle (ordinary
meat), dark meat and the kidney of mackerel. We have obtained
a couple of interesting findings of the nature-of histidine

deaminase in muccle and liver.

Characteristics of Enzvme Obitzined from Muscile
Phere o 66,67) the nat £ niatidis
There are many reportsg ¥~ on the nature of histldine
deaminase originating in animals--all based on the utilization
of partizlly nurified samples, However, all of them were

no
obtained from livers, and there has been/report onn its nature,

or even 1ts existence, in muscles. Therefore, the suthor et

3 65) . r ' -
al.,%5) extracted this enzyme (henceforth referred ss muscle
histidine deaminase or Simply muscle enzyme) from the muscle
(ordinary meat) of mackerel.  After it was purified as much as -

pos=ible, some very general studies were made on its nature.

was separated-carefully so as not to mix it with the dark
meat. After it .was homogenized witﬁ three volures of a cold
1% calcium chloride solution, it was centrifuged at 10,000Xg
for 20 minutes. In ovder to remove the abundant free histi-
dine this Supernéte was dialyzed in 0,1M phosphoric zcid
buffered solution, and crude enzyiie solution was obfeined.
This crude enzyme solution was purified in the following
order: ammonium sulfate vrecivnitation at ?O%~saturation,'

heat *treatment, zmmonium sulfs=te precinitation at 35 to €54

saturation, DEAE-Zephadex and hydroxylapatite chromatography
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and gel filtration using Sephadex =200, Since we oblainnd
sarples with relative ac*ivi*v of 300 to 4CC timer meve than
that of the crude erzyme sclution, they were used oy ovr
evperlmﬁntn. The meesurement of enzyme activiiy was based

more or less on the method by Tabor et al.70).

W

From the temperature stability point of view, this b
enzyme is etazble at below 55°C, but rapidly lcses its asctivity
above this (Fig. 9). A similar result was obtzined using the

— . -~ T
\Sg. N T <
~ 1o~ ) ) ™
[ >;.
o +
© 100t -
S > 80
r v
o .
£ 80 +
O : IS
<. < 60—
o T ¢
?”‘. : 20—
T 4cH +
NE) s
@ «
- A o 1"‘0:‘)
2 2o _ \ 2 20
0 | 1 1 l- .
0 20 g 60 80 0 1
L SR : ¢ K ‘ 1.0
Temperature (0C) e pH
s < C g 55) ' V ‘ 65
Fig, @ Heat Stability05 - Fig., 10 pH——AntLV1tv Curve® 5)
of Higstidire Deaninace of Histidire Deaminas
Cbtasined from fackerel Cbtained from }ﬂckerﬂl
vuscle (pH 8.0) - Tuq le p—opPhosyhate Juffered

Solution(0.1M); o0 b? bonate

ﬂnf‘ored ‘OIU*LOH (0,
ammonium_sulfate vrecipitated zone wrich is one step prlor to
the heat treatment. In general histidine deaminhase seems to
be 2 comrﬂr“t1vo7§ sta®tle enryme against heat. This was clear
from the Tact that heat treastment was effectively used for its

uvwf101110n(6 66). Next, drawing a oH activity curve for

this muscle enzyme (Fig. 10), we found that its optimum pH is
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around ¢.C. The optimum pH O0f histidire deaminase, collected
by Cornell And Vi]leeéq) avpears to he eround 8.5 to 9.2
(Table 20). Kato et al.éé)ihave also pointed out that it is
at 8.7, vsirg the enzyvme fror gulnea pig liver. Generally,
”thé éubstrate'specificity of histidine deaminase has not been b2
studied.ir detzil but it is considered to be very'high61'7o).
On thig point, the suthor et al. examined its capability to
nroduce ammonie using aspart?c acid, tyrogine, phenvlalanine,
tryptonhan, histzmine and carnogine; and found thzt muscle
histidine deaminaée has no effect on them?1) |

Its behaviore agesinst metzal iong, EDTA, SH compéunds
Ehd'SH innibitors, showed gome very interesting results
(Tabhle 16), The enzymes obtained from the liver of mammals
and micfo%eséé’67:72) are seid to he activated by Zn++, Co¥’
and Mn“'(10‘3n~10"4w). iBut the enzymes obtained from the
muscle.have ﬁo such effect and have not been inhibited e&en

by EDTA, Thug it seems that it does not recuire metal ionsg

e

as activators. According to Tabor and vehler?0) and

‘ Peﬁerkq&ky51) nistidine deaminase of bacteria isAactivated by
SH compounds suéh ac GSH, thioelycol etc. Cornell and

Villee et 21.67) also noint out that o similar effect is ob-
teired fer the onzyme in rat liver by GSH. On the other hend,
mugcle enzyme has not been affected in that manner by these
SH commounds. Instead there was a reverse effect gnd it was

2 Jittle inhibited, However, since 1t was irhibited strongly

by pC.B (leO“uM) and recovered by cysteine, it is asgssumed
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that it belongs to a kind of SH typé enzyvmes, Whatever 1t is,

these two pointe--Ff=ilure to be inhibited by EDTA and leck of

activation by GSH etc.--do not coincide with any charecteris-
¢ of ristidine deaminsse with a different origin. ‘

ed from Liver and Bacteria

ti
Characteristics of Enzyme Obtain

It has been stated before that the liver of mackerel
nad a strong histidine metabolic activity.based on histidine
deaminase. Of the characteristics observed with muscle enzymes,
the effect of EDTA and GSH are studied here. IFurthermore,
the enzyme was also taken from the muscle and vacteria

~

Pseudomonas flvorescens mentioned before, and it wasg recipro-

cally comvared as to Km value and molecular welght against

substrate histidine.
The muscle enzyme of mackerel w2s extracted and puri. -

fied- according to the method described earlier. Crude enzyme

. golution extracted in the same way as from the liver, was

fpurified73) to about 100 times -of crude enzyme stage by ammoni-

um sulf=te zoning, chromatozraphy using DEAE Sephadex and
hyvdroxylapatité.and gel filtration, and was then used as an

enzyme sample. Also, Pseudomonag fluorescens was cultivated

~in culture solution containing histidine, extracted and puri-

fied by Peterkofsky's method5l), was further wﬁrified to about
100 times of chde enzyme sclution by gel filtraticn.

It was understoocd that muscle histidire deaminase was
inhitited ny SH compounds like‘GSH and thioelycol. Comparing

this with other histidine dezminase(Table 17), hoWever. it
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becare clear that liver enzyme got activated twice as much at
10“1”V1O -l osH and that of bacteria got 1,000 to 2,000 times
more at 10~3k. The enzyme of bacteria is reported to be acti-
vated stronﬂlv by thiloglycol- 51, %2) in addition to G)H7O) but
Rech19r§2) showed that in the case of thioglycol the effect
-wag observed only with ite optimum concentration, and.it was
gradually lost =5 the concentration became any higher. In the
cagse of muscle enzywe it was expected that a similar phenome-

non occurred with glutathione, but it was never activated even

at relestivelv weak concentration of under IO“QM. FDTA in- 3
hibited +he functions of bacteriz and liver enzymes with an
incresse in its concentration, but it never inhioited the

livex enzyme 2g mentiqnéd above (Table 18). . According to
Rechter52), tne enzyme obtained fror bacteria is not inhibited
even at 10wa EDTA concentration when thioglycol is not pre-
sent, but 2 marked inhibition phenomenon is observed in fhe
presence offthié SH compound thereby suggesting that SHocom-
“oundq have gome kind of relationship with thils chelation
inhivition., It was attempted to deternine whethér a similér
phenomenON also ﬁook nlzce in liver enzyme in the nresence of
GSH, but 1t was not detected. |
Cbtaining the Kﬁ value by Lineweaver-Burk plot (Fig. 11

and Table 19), we find it to be in thé following order:

=

L., N ‘
f: and muscle 3.0 ALP’-M.

bacteria 2.7x10-2¥, liver 7.8x1.0~
When GSH was present the values of the Tormer two decreased’

‘slightly, but ir the case of muscle it showed an increase.

Cre = s g SN et . pm e % a -
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'Thié implies
mentioned so far results in something of a rivélry. From the
reports made so far, the Km value of histidine deaminase mea-
sured under similar conditicns, 1s in the order of around
_10“3M§6‘67'6O'74). The:Km of the liver of mackerel in the

fpresence of GSH (l.OXlO'3ﬁ) looksz somewhat .lower at 2.5x10“4M.

By the way, as stated before, the free higtidine cencentration

in the muscle and liver tisruves of meckerel differs greatly---

the farmer 8.1X1C72¥, erd *he latter only 1.3X10-3N, Moreover,

- the bacterial cells obtzined by g nistidire showed a much
lower value of 3.5X1O’QX (imstinl concehiratjoﬁ of culture
solution l.OxlD“gﬂ,. The order of the concentration of these
substrates has a roverse rele%iOﬁship with that of Xm values
of their enzyvmes. That iz, whether or not G8SY i= added, Xm
follows the order of bacteria, .-liver and muscle (Table 13).

The reasor is not clear 23 its exglanaticn will reguire the
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golution of problems such as thozse of the differences in the
corcentration of substrate histidine in both inside and out-
gide of muscle and liver cells and the distribntion of sub-
atrates and enzymes in the cells. The occurrerice of higtidine
deaminase in the cells is, however, as has hern known from a
. Ll

v?5) usioae L < ; SN a

study uslng floating cells in the blood serum of mammalsz,

in the suvpernata and not in micleus, mritochondria or microsome,

Ag 1n the case of enzymes related to metaboliswm of many amino

acids, in the liver cells this enzyme also hes a possibility
of existing in the supernate.
i a - 6(‘3) (“‘O) N . 2 - . e - l
A lot of data®=,y®¥/ has been avallable on the nolecu-
lar weight of this enzyme (Table 20), which is around 200,000,

The author et al., =l

4]

o estimated the molecular weight of the
enzymes of muscle, liver znd bacteria of gggkgggi by the
sucrose grédient.sedimentation mathed?6) (Tahle 19), FEach was
around 200,000 and there was not much difference between those
three, Rechlefsg) ectimated the molecular weight ¢f histidine
desminase of Pseudomonas sp. as 214,000 hy the sedimentation
method, and 211,000 by the sedimentation ecuillibrium ﬁethod.
e further devided it into subunits with 35,000 molecular
welsht, by treating it with €M hydrochloric guaﬂidine.O.IM
thioglycol system. - I% éeemq that the enzvmes of muscle énd
liver toolare comsosed of some subunits. The sustenance of
such enbunit comnosition ilwmpart the allosteric nature to the

enzvmne profein’7). However, only Teassie and Neidharﬁt78)

“have suggested the pessible spvearance of allosteric effect

an hirtidine deami-rgse 0f hreteria which has heen studied
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relatively well. Since histidine deaminsee ie an enzyvme tTO

catalyze an imﬁortant_reaction—~thﬂ‘fiwﬁ+ aten of main meta-
bolic ﬁathway of histidine--a study in this «irection in the
future is indicated.

69)

Cornell and Villee studied histidine deaminase of

.

thyee.kindé of bacteria, snd that of the liver of four kinds

of animzls including a human being and obtained their optimum
pH, Km values and molecular weights. They concluded that in

general there wes no difference in. the nature of this enzyme

between the varicus svecies. However, Adetziled studies in

the nature of the enzymes taken from the muscle and the liver .

of mackerel, and bacterila bseudomoneg fluoreﬂcens; showed that
the enzyme in mackerel liver was similar to that in the liver
of mammale33,67) since it was .inhibited by EDTA and was acti-
vated by GSH. It was also similar to that of bacteria. On |
the cortrary, however, the author et al. are at present of the
‘oginiou that this histidine deaminese is somewhat of & special
tyve, because that in thé musacle is~entirely different from
the other two a2t two noin*ts stated 2bove, and also necause of
the‘fact"that the muscle enzyme does not aﬁhere to DEAE-
Sephadex column under the same conditions under which the
enzyme of mackerel liver adhered.

5. Fluctustions in Activities of Higtidine Deaminnse and

Urocarrce in Carn Liver and Free Histidine Content in
Corn Muscle ’

A sionificant amonnt of free histidine is belleved to

nlay 2 soecial role in the muscle oI some fish as mentioned
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vefore. It is, in general, used as merely a kind of amino
acid to synthesize body orotein. It may also, in ceftain
casés,‘act as the source of energy s a result of catabollism
or as a2 supplier of formyl radical. Because histidine has

proven to be an essential amino acid in chinook salmonzo'zl),

there must bensome mechanism to strictly control histidine
metabolism in the body of figh,

Not only fish but 211 living beings react to the
changes in‘environment external to the body, including food.
They try to maintain the stability of their internal environ-
ment in a orosder sense, and metabolic control in the body
seems to be one sten in this direction. The control of meta-
bolism is often observed as the guantitative fluctuation ofl
enzymes related to its metabplism.._So far as fish is concerned
the whole picturé of histidine metabolism is not ouite clear 45
at present. It seems imporTant to oursue the resgarch on thé
enzyme of urocsnic acid rovte~-a main metaholic route esvecial-
ly for histidine,deaminase and urocsnacse,

As a start a couvnle of exceriments have been conducted
on how free histidine concentration and enzyme actiyity in
the muscle wouid.be affected by treating carp with protein
defticient feed and by starvation. This, along with a similar

study using rat, ls being introduced here.

Bffect of T.ow Protein Feed on Histidine Deaminase and Urocanase
Activities in the Liver of Carp

Young carn (30Q.to 50g in welght) were siven feed equi-

valent of 5% of its weight (Table 21) twice a day (morning and
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eveniﬁg) for 14 davs. After homogenizing its tissue in four
volumes cold 1% potassium chloride, it was centrifuged for 15
minutes at 10,000xg, and its superhate was used as the enzyme
solution for the measurement of the activity. 7The measgurement
‘wasg carried out uging the method of Tahor and Mehler?0) with
é‘slight modification?9),

Inside the carn histidine deaminase and urocanase were
most active in the liver?9). Therefore, only the liver was
used for the meésurement of enzyme éctivity. It wae stated
earlier that in the extracted supemate of the carp liver histi-
dine was ca{abolized.at least to‘glutamic acid, When the
enzymes activity of the liver of carp fed on low'protein food
(including 5% casein), was comsared with thet of the carp with
high orotein feed (including 80% caéein).béth the enzymes were
found to have clearly more'aciivity>in the latter. Further,
when carn Qere given low protein feed to which hiatidine had
héen a“ded to bring it to the level of the high protein feed,
the asctivity of histidine desminsse increased slightly énd

the uroc=mese activity rose *o =z level fairly close to that of

nigh protein faed., Comfzrirg the low protein feed with medinm

Al
“protein or high protein.feeds, the activity of amino acid
metabolic enzymes in the livers was gererally repressed. This
' I 80,01) aqi.¢ '
phenomenon was observed with rats®7:- -/, Similar reports have
been made with hietidine deaminase and urocanase in rat llver

: 20 B2 . ) \ o . :
1iversf0 82) (Table 23). Tre causes of this phenomencn are

3
very complex. It is believed that one of the causes may be
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the revression effect of glucose as~suggested in an eiperiment
by Sehib and Krishna Furti®ie€3) ., That is, when rats with low
protein feed were given ceselin solution for a week, histidine

deaminase zcti&ity of the liver increased. 2ut if glﬁcose was
sdded at the same time, this increase was repressecd (Table 20),

. . 1 . . ,
This czn be interpreted 81) to have'a covinectlcn with catabo-

Lite rerx psélongﬁ 59,78) ‘ascoclated with microorganrisms. The

Gvkhor et al.95) also found the repres~ion action of glucose
and glutamic acid in a nreliminary study using carn.

3 X

When histidine was added to low orotein feed the acti-

vity of both enzvmes ir csrp liver increased a little (Teblei2),

o . . . . . .
A similar effect was observeax)) when this wss 1njected 1into

the abdominal cavity. On the other hand, the'experimeﬁt using
rate showed no effect of histidine8lr 86) (Table 26),when it
was -added 4o low protein and medium protein feeds. It 1s also
revorted that rno effect is shown when histidine only_is in-
88). Even carp seems to show a considefable effect
of the compositinn of food given as a treatment Dribr e in-
Jection and the- length of veriod of starvétion following after
that96) | yeanwhile, Sanib and Krishna Kurtifl) observed that
in rats fed on low protein diet histidine.deaminase.activity
did not ircreasse if only higtidine 'was given. But by adding

A small amount of casein solution a similar or better effect
waa ohserved (Table 25). This does mot indicate that protein
syntresis of ret nse occurred ir thellivef cells or irert’
brotein mo1ecnle existing hefore were ﬂO*J ed. It i1s inter-

esting, however, to know that a Smﬁl] rmet of csseln solution

L6
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has some role, even though indirect, tp play in bringing about
evernn this effect. Wore explan-tion is expected in the future.

Effect of Starva
and _Urocanase. in

tion on the Achl vities of Histidine Uonn1 nzge
the Carn Liver +7

It is thought that a very delicate change ocours i
the metabolism of substances if the food etimulus-~-one of
thoée affecting internal tody environment--is removed by not
feeding an animal. Both enzyme activities were comvared??)
(Table 27), therefore, between the czrp which were kept with-

2

out food for 14 days and the previous carp fed on high protein
diet. In both histidine deaminase and'urocangse the activity
per unit weight of the liver tissue waeg higher in the fish
“kept withéut food,. Crn the other hand, when czlculasted. as
ac%ivity per whole liver there wss not much difference between
thoge two grouprs, The ac tivities of noth enzymes in the fish
without food was aboul the same as that in the fish with food.
 But as the nﬁmber of dayvs without fcod increased, the liver.
weight decre“°9d7l> and sfter i@ days the rate of decrease was
33 3“79). The increazse in the activity per unit weight can be
attributéd to tﬁe conecentration of the enzyme. It has been
‘recognized that in the CESP'Of the 1iver of 2 rat with rela-
’tively>short beriod of stgryatinn, fhe activities of both
enzymes did not decrease82,89) (Table 285 either. kForeover,
Kolenbrandergo)'estgblighed the fact that the activity of this
enzyme decroaceq afler apven drvs of starvation, but‘doeé not
decreace for two or threes days and maintalins itg original

level. Also, The sctivity of urocenase, though a bit faster
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than the other, does not decrezse easily. It is known that
the'aciivities_of arginase and threonine dﬁders Ql) of
enzymes, related to amino acid metabolism, also increases
through starvation., From the voint of energy éugply by cata-
b011%m, the existence of these enzymes in the liver tigsue is
imvortant, avnd 1t cen be considered that there is some kind
of control mechaniam that stops the metabolism of these enzymic
proteins simoly by stervation. Since a study has started on
the effecteB?,92~94) or feeding various hormones on histidine
deaminase and urocanase activities in the liver of a rat, it
is expected that it will graduslly elucidate more details of

the hietidine metabolic control mechanism.

Effect of Low Protein Feed and Starvation on the Pree Histidine
content 1v Carp Yuscle.

It'wés stated before thet the c¢orp wmuscle contains
rélatively high concentration of free histidine. 1f this.is
to constantly. carry on. an important physiological mechanism in
thie tissué, it . must not be affected by any gort of treatment
that mav »no 1blv change the physiological conaitions inside
the bodyv, éuch as low nrotein feed'or gstarvation; and it may
well be'ascuméd that a certain concenlra ion of free histidine
ies mairtained. Under similar feeding conditions (Table 21) as
mentioned above, low-protein-fed carp (including 5% césein),
high-protein-fed c cary. (including 80% casein) ard starved carn
were studied fﬁr 14 days and measurements taken Qf’frée nisti-
dimwe in their muscle and, at the same time as a contrast, df

free lveine whose content is relatively niegh (Table 29).




Low-protein-fed carn have markedly less lysine content com- L8
nared to that among the highéprotein—fed carp. Also a similar
decrease was observed in starved cerp. On the contrary,
histidine content did not show much change and it became clear
thét; with thisg kind of TreatmenfL this amino acid wss main-
tained in a gpecific concentraticon in ‘the muegcles96) . 1t is
imagined that in the fish body free histidine is usually
carried from the muscles to the liver through the blood
stream, and ifé amoun® 1s mainly controlled in this tissue,
and returned through the blood stream to the muscle§. The
control mechanism is also éelieQGd to exisﬁ in the cell men-
tranes of the mﬁscles;

The importance of free higtidine in the nuscle of carp

. . : 97y
1g sugzested here zagain. Lukton9?) fed chirnogk sz2lmon on two

“kinds of food--one lacking histidine and the other lacking

methionine-~for a long time and compared the cowiternts of four

b

kinds of imidazole compoundé (histidine, l-methyl histidihe,
garnosine and anserine) in muscle extrazctives with those of
contrasting_fish. He found out, as a result, that exce;t'for
angerine other Sﬁidézoie comprunts decreased 1n con*ent because
of this treatment. Ag-we know that-in the muscle of sockeye
galmon, in transit for epawni=ng, free histidine cortent Ade-
~creases during its proéress but anserine content does not

ch9ﬁg931), g0 in thig kind of fish, thet has little hictlidine

in the »useles, anseriso may nlay an imnortant role,
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¢ . Conclusion

The mechanism of free histidine accumuletion in the

muscle of dark meat fish and csrp or its physiolocical meaning

1

ig not clear., There is no simple exclanetion for ii., 1In

order te accomplish this type of «¢iudy, it is dangerous to

aonly deductively sny knewledee or lews, obtaired from stud-

N

c with

I L

ving land memmals, to the zguatic znimals. Things bas

d

=117 "fwine heingsg on the ezsrth ars also basic with the asuatic

animale; but special nhysiologiczl mechanisms or metaboliem

L

evolved to help them adapt to their external environment.

Thezse seem to be coomon to all animals in that particular group
Yiving in thet particular environment.
“As the analysis and obgservation fecﬁniqués improve,
we expect thut new facts wiil be found from an unknown part
of anuatic liviﬁg beings and different law will be bbrn»based

on that.




Tahble 1. Free Histidine Content in Fish Muscle

10)

Fieh Snecies

Welght

Higtidine

(g) (mg%)
Frigate mackerel
Auxis thazard 350 1,010
Yellowteil '
Seriola guingueresdiata 1,026 1,035
. Mackerel . .
Red-mest : Scomber javnonicus 600 £02
fiah i Striped merlin '
| fMakaira mitsukuri 18,750 1,320
| Big-eyed tuna
; Parathunnas mebachi 15,290 1,010
g Mackerel pike
i Cololabis saira 75 1 1,610
. Dolphin : |
; Coryphzena hippurus 12,370 ! 937 .
i Sardine
{ Sardinea melanosticta 75 606
Horse mackerel . i
Light. Truchurus Jjaponicus 260 368
colored | Jepan sea bass ;
" meat Tish! Lateolabrax japonicus 650 ! 6.9
. Barracuda i
Sphyraena pinguis 64 E 170
Nibbler |
Girella puncteta 60 | 5.5
Puffer B
White-meat Lagocephalus lunaris 355 b7
fish Dab ;
Limanda herzensteini 520 16.7
Trigeerfish g -
Stephanolepis cirrhifer . 12 b.6
! Red sea bream : §
§ Pagrosomus major 100 | Lo .7
i Common flounder
Paralichthys olivaceus 300 b.7
Sillago
Sillago sihama 87 40,3
Gurnard
Chelidonichthys kunu 154 7ob




Free Amino Acids, Taurine and Urea Content in Fish Musclelﬁf

Table 2.

Yellowfin Piackerel [Horse Grey i"'1athead [Spotted

tuna Scomber mackerel frock codsole “lshark

Neothunnusg|japonicusfirachurugSebastegiippoglos-Mustalus

albacora japonicuslinermis |soides mana o

, dubius
(mg%) (mg%) (ing%) (mg%) | (mg%) (mg#)

Urea - - - - - 1001.0
Taurine 13.3 (%) 16.5 29.8 64,6 28.0
|Aspartic acid - 2.3 8.8 L8 15.3 5.9
Threonine ' 1.9 8.1 1.8 3.1 5.1 12.1
Serine 2.2 () 0.2 0.5 () L .9
Glutamic acid 1.4 17.8 b4 2.4 5.0 2.7
Proline - - 1.8 (x) L.8 -
Glycine 6.5 15.8 12.8 6.5 7.1 16.8
Alanine 8.6 22.2 13.8 6.4 2.2 23.8
Cystine - - - - - 29.9
Valine - 1.4 5.0 (&) Q.7 (£)
Methionine 4.0 2.5 (%) 0.6 0.7 14,0
Isoleucine Q,1. 0.9 0.8 1.0 1.8 2.8
Leucine 2.5 L, 0.1 b1 2.8 b3
Tvrosinre 3.2 5.5 1.9 3.5 (£) 1.2
Phenvlalanine 1.5 3.0 9.7 3.9 () 2.1
Trypteophan - 2.3 0,1 () (+) (£)
Histidinre 832 .0 781,27 174,11 2.8 9.8 3.6
Lysine 23.6 17,1 28.8 7.5 30,3 0.2
Arginine 32.6 (£) 14,1 7.6 (4) 9.5

A{x) Trac

e




Table 3.

from Various Fish

Imidazole Compounds Present 1n the Muscle

Extractivey

Anserine

* Ratio to extractive nitrogen

Fish species Histidire {Methyl- {Camosine Extractive I midazole
histiding nitrogennitrogen
iiarine fish (me%) (mg9%) (mg% (ne%) (mg%) s
Yellowfin tuna
Neothunnus macronterus 550 0 7. V18 500 €3
' 735 0 0 737 620 60
" 570 0 0 Q98 650 60
" 412 0 2 h12 1020 26
" 739 0 113 458 660 51
Albacore ’
Thunnus germo 606 0 27 933 1070 36
" 775 0 99 254 370 80
Skipjack :
Katsuwomus pelamis 1120 - 4.3 588 - -
" 403 - 36 h7s - -
" 688 0- 181 124 740 4.3
Big-eyed tuna ,
Parathunnus mebachi 473 0 0 670 510 .55
" 488 0 0 761 640 48
North American Pacific
mackerel :
Pneumatophorus diego 600 0 5 17 370 Ls
" 519 0 14 5 L20 35
Black cod
Anoplopoma fimbria 33 0 32" Lo 270 Ls
Swordfish ;
Xiohius gladius 3 0 11 372 240 38
North American sardine 763 0 2 7 L80o Ly
Sardinops caerulea
Chinook salmon ,
Oncorhynchus tshawytscha 22 29 18 278 290 29
" - 37 0 27 478 300 43
" . 25 0 0 420 490 22
Pirk salmon . : :
Oncorhyrchus corbusche ho 0 0 552 210 67
Coho salmon ,
Onchrhynchus Kisutch L8 25 11 612 Lho 37’
Atlantic menhaden .
Brevoortia tyrannus 233 5 " 0. 380 17
Thread herring
Alosa sapidigsima 113 -0 g 0 220 15
Cod species
Gadus sp. 3 20 5 120 280 13
Barracuda species :
Svhyvraena argente 130 0 2 2 Z90 12
Halibut .
Hipproglossus stenolepsis 5 0 11 89 380 7
3 Lol 7 36 180 6




Table 3. Con

'd,
Fish species Histidine{Methyl- |Carnosine| AnserinefEx tractive Imidazol e
. - histidine : nitrogeninitrogen
Nzrine fish (mg%) (me%) (mgZ)| (mg%) | (mg%) %¥
Rock cod srpecies
Sebastodes, sv. 5 0 0 0 290 0.4
" A 9 0 5 0 240 1.1
Atka mackerel species '
Oohiodon elengatus 3 0 0 - 0 310 0.3
) . 5 0 5 7 250 1.6
Pacific ‘Ocean perch
Sebagtodes alutus 8 0 7 5 290 1.7
Rainbow smelt
Atherinopsis
californiensis 2 0 5 36 250 0.4
Sole '
Glyptocephalus
zachirus 1z 0 7 7 310 2
Sea hass : -
Stereolepsis gigas 5 0 0 0 160 0.6
Sole speciles
(Californian) _
" Isopsetta isolepsis 3 0 . 0 0 200 0.5
Ray specles
Raja -inornata 0 2 7 0 1250 0.2
~Shark species
Triakis semifpscista 0. 0 2 0 1110 0.1
Fresh water fish o
Croaker family
Aploceinotus , : :
grunniens 50 0 20 0 230 8
Rainbow trout. .
Salmo geirdneri 39 0 L7 10 380 16
Buffalo fishes . _ '
Icticbus sp. 37 - 0 16 0 220 6
Carp ‘
. Cyprinus carpilo 60 0 2 0 350 5
v . ' 157 0 7 0. 290 15
Yellow perch ' -
Perca flavescens 07 0 Q 17 270 7
Walleye
Stizostedion vitrem| 62 0 9 84 220 17

# Ratio to extractive nitrogen




Table L.

Free Histidine Content in Fish Organs

Figh specles

Histidine

s € _ Organs N (me%)
Friecate mackerell0) - Ordinary meat 1.010
Auxis trazerd __1.Dark meat 433
YellowtaillO) Ordinary meat 972
Seriola ocuinqueradiata | Dark meat 2u7
MackerellQ) Ordinary meat 602
Scomber japonicus Dark meat X 207
i
Yellowfin tunal6) Ordinary meat . 740
Neothunnug macrocteruvs ! Dark meat 2273
i :
Albacorelé) i Grdinary meat ! 775
Thunus germo i Dark meat § 272
16 N |
Skipiacklt i Ordinary meat | 889
Katsuwanug velamis i Dark meat ! 172
p |
Barracndal ) i Ordinary meat . 130
Sphyrazens argentea ! Dark. meat U 51
) . {
Horse mackere120) E Ordinary meat : 163
Trachurus japonicus i Dark meat 3 69
' 21) ! ?
Mackerel<*t/" . i Crdinary meat | 656,10
__Scomber japonicus { Liver o 2243
: i
Yellowtail‘BJ Liver ! 1.1
Seriola asuinagueradiata Kidney - 0.4
: :
- .21 o ; ,
Yellowtail ) Liver ‘ 7.5
Seriecls guingueradiata Heart ! 15,1
Carpgz) Nuscle 242
Cyverinus carplo B8lood 3
Carp2l) Nuscle 138.6
Cvorinus carpio Iiver 20.2




Tahle 5. Free Histidine Content in the Muscle of Growing

Fish
| Fish species ‘ Welght Histidine
(=) (me%)
\ Yellowtaill0) . 750 927
| Seriola gquingueradiata 1020 1035
MackerellO) 110 428
Scomber japonicus L50 704
110 802
Horse mackerell0) . 260 164
Truchurus javonicus - 1) 302
Iy 368
Kackerel?®) : 30 656.,1
Scomber jJjaponicus 650 914,9
Carp26) _ ¥ (&)
Cyprinus carpio 0.3 23.0
' : ‘ 3.6 318.4
52.5 165.5
. 870 126.6
L :

% Fertilized eggs, () Trace

R N




Table 6.

Changes in Free &mino Ag

Muscle of Growing Carps®:

%d_Composition

in the

Fertilized

Fry Noung figh-I {Young fish--I11

Grown fish

Amino acids e%gﬁﬁ (O.Bgf (3.6g)% (52,520 (870g)*
I (mg%) (mg%)|  (ma%) (mg%) (mg%)
Aspartic acid () 0,1 1.3 1.2 1.7
Threonine . 0.1 (£) 23.1 15,1 16.3
Serine. 1.4 5.4 6.8 16.6 6.4
Glutamic acid 0.7 2.4 11.4 10.9 L.,s
Proline 0.1 2.3 15.6 26.1 22,0
Glycine 0.2 4.8 60.1 96.9 62.9
Alanine 0.3 L., 5 17.0 37.8 21.5
Cystine 0.0 () 4.0 2.5 2.2
Valine 0.3 2.1 4.5 3.0 2.6
Methionine 0.1 0.9 2.5 2.3 2.2
Isoleucine 0.1 1.7 3.4 2.1 2.0
Leucine 0.3 2.7 5.8 L.6 3.7
Tyrosine 0.1 1.4 3.4 2.1 13.1
Phenylalanine 0.3 2,0 3.7 2.7 0.3
Tryptophan 0.0 (%) (%) () (4)
Lysine 0.2 21.9 43,3 35.8 75.7
Histidine (=) 23:0] 313.4 105.5 126.6

1Arginine 33.0 16.2 13.6 6.7 17.3
Total 6,7 91.4{ 537.9 4326 381.0

« Average weight; (%) Trace




Table 7. Free Histidine Concentration in the Tissug of
Sockeye Salmon in Mieration for Spawninng)

Tissue Sex Lumml Teland Lillooet Forfar Creek

64 Kmt 4LOO Km* 1150 Km*

(ma?) (mz%) (mg%)

Heart & 81.0x11.5 87 .329,6 81.8%38.8
5. 83.2%15,2 ©1,0%8.9 79.9% 5,9

Alimentary oanzll & 138 .4%13.3 hg,1x12.2 30.3%10.7
) 174 ,6230,2 40 .0% 7.0 20.3% 3,3

|Spleen <} 24 hx 3.7 24 bz 6,7 27 .0 5,9
) 30.0f 5.9 27,0 4.8 20.0% 5.9

Liver (o] 21.1x 3,0 20,7+ 1.8 16.3% 3,0
5 23,3 3.7 12.2% 0,4 16.6% 0.7

Kidney ) 37.0x 1.5 bp hx 5,5 LE . 6+ 3,0
5 51,48 6,7 b7 .0t 3,3 50,7%10 .4

Blood & - 12.6% 1.5 12.9% 5.5
) - lg.5% 5,2 9,2+ 0,7

Reproductive B 19.6% 2.6 15.2% 2,2 6.7+ 3.3
organ b 6.7 2, 5,211.1 3,7+ 0.7
Muscle o) Lo,0+ 4.8 7.8 0.7 4.8% 0.4
& 55.9% 3,0 10.0% 1.5 11.5% 0.4

Head-Skin- & 22.6=z 1.1 12.9% 1,1 9.,2% 0,7
Bone-Tail 5 22,9% 3,0 10.7x 3.,0. .9.2% 0,7

#¥ Distance Ffrom the mouth of Tthe river




Table 8, Free Histidine Content 1in the Tiggue of Sockeye
Salmxon in Migration for Spawning3*

Tissue T TSex | Lummi Island [Lillooet Forfar Greek . |

64 Km™ 400 Kn* 1150 Km*
(mg/Tissue) [{me/Tizsue) (mg/Tissue)

Heart (&} L .,9 5.1 ‘ I,
5 L,2 L5 3.7
Alimentary. canal 5 125.2 14,5 5.0
: . 5 136.8 '10.5 2.6
iSpleen 5 0.7 0.5 1.0
! & 0.6 0.k 0.4
Liver 5 6.7 5.3 6.1
) 9,4 5.4 6,7
Kidney 5 9.6 11.0 13.1
) 11.1 9.4 10,0
Reproductive organ 5 11.1 12,4 5.7
. & 5.3 N 11.0
Muscle [ 584, 6 99.9 62.9
5 707 L 114.7 107.3
Head-Skin-Rone-Tail o 199.1 1i2.4 Q7.2
b 179.8 81.8 76.7
Total 5 941 .9 - 261.,1 195,7
& 1094 ,6 233.8 218.4

.:g.

Distance from the mouth of the river




Table 9.

Metabolic Activity of His

Various Fish

tidine in the Tissue of

Vetabolic

Fiah specles Weisht Tissue whole tissue
(g) welght | activity
() (eemole/nr/ g)
; _ Liver | 3.2 15.2
wackerel Kidney 1.0 Q.6
Scomber japonicus 350 Dark meat 14.1 0.6
: Ordinary’ 170
| meat 170 0.1
E Liver 14,5 11.0
Yellowtail ? Kidney .8 2.7
Seriola guinqueradiata 800 Dark meat 438.8 0,8
Ordinary
meat 315 Q
Liver Q.5 14,2
Grey Rock cod Kidney 2.7 0
Sebastes inermis 290 fuscle 180 0
Liver 5¢5 5.3
Plathead sole - Kidney 0.7 0
niproglossoides dubius, 300 Muscle 105 0
Liver 8.5 16.7
Carp : Kidney 1.6 3.3
Cynrinus Carpio 240 Dark meat - -
Ordinary
| meat ' -- 0

The values are based on an average of five fisn,.




A

Table 10. Occurrence of Metabolic Activity of Histid

.

1

in the Muscles and Livers of Various Fish309

1’)18

Fish species”™ huscle Liver

. (Ordinary meat)
VMackerel

Scomber Jjaponicus & "
Sardine

Sardinops melanosticta + o+
Tuna

Thynnus thynnus - 4
Skip jack

Auxis thazard - +
Yellowtail

Seriola gquingueradiata - +
Horse mackerel

Trachurus Jjaponicus = +
Carp

Cyorinus carpio - +
Surf werch

Ditrema temmincki - +
Flathead fish '

Hiproglossoides dubius - +
Gray ERock cod

Sebastes inermis - +
Sea vass

.Lateolabrax japonicus - +
Red sea bresm :

Chrysovhrys major - +
Spotted shark,

Mustelus manazo - +

aph N .
“Red-meat fish;

.

+ Activity detected; - Activity not detected



Chemical Quantitative Activity of Histidine

Amount of Amount of Amount of

Reaction time histidine| urocanic scld{ ammonia
(hr) dissociation| formation formation
(emol) - {#mol) (fmol)
1.5 0.6 0.6 _—
3 1.3 1.3 1.6
g 1.9 . 1.9 -
7 3.0 3.0 3.1

Table 12,

Dissociation of Urocanic Acid by Enzyme Samples
Extracted from the Muscles and Livers of

Mackerel and Carp (Dialyzed Sample, 70% Saturated
Ammonium Sulfate Precipitation Sample and Crude
Enzyme Sample)

! fmount of urocanic acid
Tissue . Sample Protein|pH |[dissociation _(mmol)
' amount 1 hr 2 hr 3 hr
| A - 7.3 - 0 0
Mackerel --+alysis 7.6 |93 _— 0 0
uscle! s s 7.3 - 0 0
o P ] a
Liver recipitation 9.5 9.2 L 0 0
- , 7.3 28 59 S 117
Crude enzyme 9.5 0.7 - i 32
N ot o , 7.3 - 0 0
Carp Dla.lySlu 7.5 9,2 — 0 0
Muscle e s 7.3 - 0 0
_ » Precipitation 9.0 G.2 L 0 0
Liver 9.3 350 —_— -
Crude enzyme 9.1 6 5 - L L




N ¢

Table 13. FPrmqtlon of Metabolic Substances from
G- Hl“tlque(U2 in the ' Extractive/from the
Liver of Cary 40 Supernate

.. Reaction time 0 minute 25 minutes 120 minutes
N (com)  (FF (opm) (% | (cpm) (%)
Tistidine ‘ 15550 97.5 8240 s51.6 3830 24.0
Urocanlc zcid 0 0 560 3.8 3170 19.9
Pormimincelutamic acid 0 0 1580 2.9 6yl boL b
Glutanmic a2cld 0 ¢ 510 3.2 1780 11.2
Total 155506 97.5 10800 68.2 15220 95.5

” (%)% (cpm of each compound/total cpm)X100

Table 14, Tprmoblov of Metabolic Substences from
*C-Histidine(U) in the Rxfracflve Supernate
from the Liver of waukerelh 0)
Rescticn time 0 minute .25 minutes 120 minutes
+ q J"'

: (cpm) (%) ~(cpm) (%) (cpm) (€)"
Histidine ’ 17960 97.9 9810 52.9 8650 46,7
Urocanic acid 0 0 2950 15.9 8320 44,9
Formiminoglutamic acid 0 0 - 170 - 0.9 20 0.1

" iGlutemic acid 0 0 0 0] 0 0
Total 17960 97.9 12930 69.3 16990 9.7

()% (cpm of each compound/total ¢cpm)X100

TS s G S R
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able 15,

05

Effect of Various Chemieal Substances on the
Activity of Histidine De

§minase Obtained from
the ptiuscle of Mackerel

Chemical substance Conce?tgation Activi?x)ratio
i 7,
—— — 100
cu?” 1 % 10“3 86
A 1 % 107 100
catt 1 x 1077 1
Co** 1 x 107} 89
Nt o x 1074 72
EDTA 1 X 1072 100
Cysteine 1 x 1072 66
Cyvsteine 1 x 1072 100
GSH 1 X 10“2 ol
GSH 1 x 107 96
’hioglycol 1 x 1072 90
Todacetemid 1 X 10"2 90
Todacetamid 1 X lO"A 95
pCHB 1 X 10" 13
| pCuiBrCysteine 1x10~*41%1073 66

i

seudomorzes fluorescens

l“ackerel Liver

Table 16. GSH Effect on the Activity of Histidinre Deaminase
Obtained from Bacterla Pseudomonas FTluorescens
And the Liver andANuscle of Mackerel?3!

B Vackerel Nuscle

TGSH Activity | GSH Activity| - GSH  Activity

() ratio(#%) (M) ratio(%) (W) ratio(%)
_— 100 - .00 |- - 100
1.ox10“3‘ 186 2.3%1077 128 1.oxlo‘f 100
_2.0x107Y 557 2.3x10~F 223 |1.,0x1077 96
1.1x10~3 915 2,3x1077 226 |1.0x1077 90
2.6x1073 2500 . |s.0x1073 77




Table 17. EDTA Effect on the Activity of Histidine
Deaminase Obtained from Bacteria Pseudomonas
Fluorescens and the Liver and NMuscle of Mackerel73)

FDTA | Relative activity (%) -
(M) Pseudomonas " Fackerel Mackerel
' Ffluorescens diver mugcle
— 0 100 100 100
1.0 #1107/ 79 - e
1.6 X 10”& . 53 97
5.0 % 107, 49 - -
1.0 X 1077 - 49 100
1.6 ¥ 1072 | e - -
2.5 x 1077 - - | 97

Table 18.

Km Values
Bacteria

Pseudomonas T

1
and Muscle of lackerel”

of Histidine Deaminase

uorescens
J

Obtained from
and the Liver

B I Km (i) in presence |-Km (M) in absence
Origin of GRHF . of GSH \
Pseudomonas : " - ‘
fluorescens 5.6 X 1077 2.7 X 1072
Fackerel liver 2.5 x 10-4 7.8 X 10”
vackerel Muscle 6.3 x 1075 3.3 x 10~

'3

FL.0 X 107N

Table 19.

Liver and Muscle of Mackerel’ 3

Origin

Folecular Weight

Mackerel
fMackerel

Pseudononas fluerescens
liver
miscle

193,000
198,000
208,000

Molecular %eight of Histidine Deaminase Obtained
from Bacteria Pseudomonas ¥Fluorescens and the




X,

Table 20. Optimum pH, Km Value and Molecular Weight of

Histidine Deaminase Obtained from
Bacteria and the Livers of Animals

ngious

Origin Optimum pH Km (1) Moleculer
welght

Bacillug subtilis 8.5~9,1 2.8 x 102 220,000
Pseudomonas aeruginosa o 2 X 10"3 210,000
-Pseudomonas fluorescens 8.8 2.3 X% 1073 218,000
Toad liver 9.1 3.6 x 1072 204, 000
Rat liver 8.8~9.2 2.8 X 1073 | 226,000
Cat liver 8.5~9.,0 1.2 x 1072 e

Human liver 9,1 2.1 x 1077 243,000

Table 21, Composition and Histidine Content in Each Feed79)

Feed Vitamin | Casein Po%ato Histidine
salts . starch content
mixture (%) (%) (%)

(%)
A High vrotein feed 15 80 5 2.5
B_ Low vprotein feed 15 5 80 0.1
c* Histidine-zdded-feed| 15 5 80 2.3

X 2.7% histidine is added to the low protein feed

Effect of wa Protein Feed and Histidine-Added-

Table 22.
Feed on the Activities of Histidinec“eaminase
and Urocanase in the Liver of Carp??
Treatment No. off Weight Liver Histidine Urocanase
fish (g) weight Heaminase (umole/nr/g)
(g) - Jwmole/nr/g) :
A High protein feed 7 [BL.9x5.11.7%0.1] 19.21.9 21.8t6.4
B Low protein feed 6 [35.2:4.2/3,5=0.4 2,0x0.2 b ,8x2,1
C Histidine-added-feeq 6 34,5:3.8/2.7:0.7 4,6x0.6 12.9:4,9

Histidine deaminase A vs B, PL0.0l; A'vs C, P<0.01; B vs C, P<0.01
‘Urocanase A vs B, PL0.0l; A vs C, P(0.05; B vs C, P<0.C5

TN 8T N R ] O 9 TP ATL TR AR e WP S o s ma e meerh, s,

e ¢ T YRty & son




Table 23, Activities of Histidine Desminase and Urocanas
in the Livers of Rats TED? Were Given Feeds with
Varyine Protein Content

Feea No, of Weieht | Liver - |Histidine Urocanase
animals (g) weilght deaminase (mﬂmol/mln/
(&) (meamol/min/|{mg protein)

me protein)

teed with

€% caselin 6 20,5%1,8{ 1.08%0,16 N 11.,46x0,24
Feed with : :

18% camsein 10 8L,1=4,1 | 2,.71%0.,17 | 2,18%0.14 | 2.34x0.23
Feed with

L0% czeein 12 110.2x5,1 | 3.60=0.14 | 4.,26=0,31 2.88£0.17

N: No activity 1s detected

Table 24, Effect of Casein Water and Glucose on the Ac;iyity
of Histidine Deaminage in the Livers of Rate®-

Treatment : No. of Liver Histidine
' animale welght deaminase

] activity

(g) {unit/g)
Contrast™ . 6 2,47%50,06 | 131.,7:26.,9
Casein water (lg) administered 5 2,91£0,01 | 377.0%82.4

Casein water (lg)+ glucose (lg) _

administered 5 3.8710.18 | 144 ,3121,6

*Qlucose (lg) administered

Table 25. Effect of Cesein Water and Histidine Administration
on the Activity of Histidine Deaminase in the Liver
of RatBl)

Treatment No, of Liver Histidine
animals weight deaminase
f— S S 2etivity
(Fewg]e) ' (e)- (unit/e)
Contrast - b 2.55£0,10 | 186.3+ 6.0
Cagein water{lg) admiaistersad L 3,600,373 369.,3%29,0

Caseln wqupr(fb“ ~)+histidine (200mg)

administered L 3.47£0,13 320,327 .3
(Male)
Contrast 3 3.,5420.64 80.6x15,2
Casein water(lg) ndninistered 3 3.61%0,20 212,nx28,2

Casein water(5Cma)rnistidine(200mg)
administered :
JHistidine(200mg) only administered

3.7010,17 | 393.5%85.7
3.30x0, 36 111. 3132 3

gt




Table 26,

Effect of Histidine-Added-Feed on

the Activities

of Histi?ine Deaminase and Urocanase in the Liver

of Rat9?

Ferd and period “Average Histidine deaminase Urocanase
CaseinHistidine [Days liver Qﬂmol Qumol (,emol 10-L{(gmol 107!
feed feed  fed weight 10~1/min [10=1/min/| /mnin/g) |/min/
(%) (%) (day) (=) /e) whole liven whole liver
tissue) tigsue)
80 _ 4 11093 (9,17+~12.23) | 5.7 *0.4| 62 =2 5.8:012] 63 %2
12 L2 5 112,61 (12,21~13,00) 1,53=0.02 19.320.4] 3.6+0,1{ 46 =2
12 L 14 113,03 (10,47-16,08)] 0,89£0,04 12 £1 3.3:0,2] 43 x1
12 5 9,97 (8. “3-%l2§09) 2.5 0.1} 25,020,9Q 4,0x0,2] 39,0%0,8
12 141, ]7( 0.28~12.095){1.74x0,07 19.4x0,9{ 2.,920.1| 32 %1
Table 27 Effect of Non-Feeding on the Activities of
Hl%fldlne Deamlnig and Urocanase in the Liver
of Cazp
Treatment |No, | Weight | Liver [Histidine desminare Urocanage
fish welght [(amol/hr (cemol/nr/ [(emol/hr | (umol/hr/
(&) (g) Va)* whole liver| /g)* whole liven
tigsue )** tigsue N7
D High protein ‘ :
feed 6 137.2%0,6 -.810,1 20,1%2 .1 - 36,2%6,0[ 21 .5%1.7 8.745.2
| Mon-feeding 6 (36.0th,7|1.,350,1 27.824,1 36,1£8,2] 24 bhx2 b} 31.725.6
© Histidine deaminase D vs E, *P<0,01; »*#%P<0,08
Mrocanase D vs B, #PK0.05; #%#%PL0.05

B i AN St A et M e bt - . & aSramd . AP, ot bt Bre bp




TN Ay

Effect of Non-Feeding on the Activities of

%nase and'Urocanase in the

Histidine deaminase

Urocansasse:

(mol 10-L{(umol 10-1/

min/whole
liver tissue

L iemol. 10/
min/g)

(umol 10-1/
min/whole
liver tissue)

Table 28,
Histidine Deami
Liver of Rat8?
Treétment T
min/e)
'eed with 18% casein|1.0%0.1
Non-feeding 24 hrs 1.6%0.]
Non-feeding 48 hrs 1.940.1

8 L1
8.810.6

10,210 .6

-

W N0 D
ON N

Ho o

oD
= o

-

18 .240 0
14,220.,8
18 t?.‘t:Oa9

Table 29,

Bffect of

Low Protein Feed and

Non-Feeding on

Free Lysine and Histidine Content in the Muscle
of Carp
Treatment . Lysine | Histidine
- (me%) | (m-z%)
N - i
High protein feed administered 111.2 ! 56,1
Low protein feed administered 1.3 . 130 G
Non-~feeding 2.3 ' 152.,0
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