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Occurrence of Histisline in the 
Extractives and its ri.e-liabolism 
Tissues 	 - 

Yuscle 
in Fish 

Morihiko SAKAGUCHI 

Akira KAWAI 

1. Introduction  

Tissue extractives 

Manuscript received: 

.8 February 1971 

from fish contain numerous compo- 

f 

SOS..-2 00.4 0.-31 

7530-21-02.Q-53 52  

nents. Physically and bio-chemicaLly these extractives are 

believed to comprise various compounds, which are largely 

present in a free state in the tissues or -cells. As for the 

muscle extractives, they yJere studied mainly from the food 

chemistry point of view--the taste of fish meat1 7:3) or its .  

.putrefaction --since muscle is the main edible part of fish. 

- 	According to Previous studies., most of the muscle 

extractives of fish generally comprises nigrogenous compo.. 

nents. 5)  Moreover, amino acids are àlways found in all these 

coMponents in.fairly large5 ) pr000rtion. Many  of the anal 

.in the cast showed unusually high amounts of L 7histidine 	• 

(henceforth abbreviated as histidine) in the extrctive amino 

ac 4.ds in surface swimming fish, the so called red-meat fish. 

7r.!%le.IATION • • 
Fcr itviD7r,n•ion nni 

• 
TRADUCTX)N NON MV1SEE 

inforruffiion sollloMuni 

yses6-1 1 



1 • Histidine  is recognized as an essential amino acid 1' 12) - * 	for 

some fish, not only from the viewpoint of food chemistry but 

also frpm that of the nutritional  value. for the fish itself. 

In soite of this fact, however, very few studies have been 

conducted on the metabolism  of  this amino acid in fish tissues, 

• The author has analyzed the Muscle exi.ractives of 

Various fish from comparative bio-chemical points of view. 

This paper deals, first, with the occurrence of histidine in 

those extractives along with some reports prepared by others; 

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

thé metabolism of this amino acid in fish tissileS. 

P. Occurrence of Free Histidine in Fish 

The composition of the muscle extractives differs from 

fish to fish. Even in the same species, it.is  affected by 

age (the size of fish) and other physiological conditions. 
. 	* . 	level 

The histidine/in the extractives  also  fluctuates quantitatively. 

Differences in Free Histidine Content According to Fish Species 

3) Shewan1  - stated long ago in his general treatise that. 

many researchers had reported the existence of histidine in the 

muscle *extractives of dogfish shark, Mackerel, sardine and 

tuna2  Of these, tuna was reported tb contain 470mg. Shimizu 14) 

conducted detailed studies on extractive nitrogen in many 

teleost and .selachian fish. He stated that the selachian and 	. 

red-meat fish contained hiher amounts.of histidine thPn the 

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

• 

• 
• 

of the teleost fish had its origin. in  the diamino group 

nitroP'en, portieuln -rly  the sr4oine and histidine group 

nitrogen. Me then showed, by mensuring histidine directly, 

that the quantity contained in the red-meat fish was 10 to 

• 200 times more than in the white-meat fish (Table 1). 

The author and others 15 4ave also measured 18 kinds • . 

of amino acids, taurine and urea of two species of red-meat 

fish (yellowfin tuna ec mabkerel), two species of white-meat 

fish (2-rev rock cod & flathead sole), the fish of light-

colored meat (horse mackerel)  and snotted  shark which belongs 

to elasmobranch of selabhian. .As a result, it was confirmed 

that histidine in the red-meat fish was present in fairly 

quantities, while.it was  about the same as other amino 

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

Among imidazole compounds found . in the muscle . 

carnosine (,-a1any1-histidine), anserine (p-alany1-1,-methyl- 
. 

histidine),ValeYane()(e-alany1-3-methylhistidine) and methyl- 

- 	histidine (1-methylhistidine and 3-methylhistidine) are 

known. Lukton and Olcott 16 ) measured the contents of histi-

dine, methylhistidine, •carnosine and anserine in .31 species 

of fish (Table 3). This table- shows. that, on the whole, the 

. red-meat'fish Such as tuna, skiojack,  mackerel  and sardine  

• contaln histidine or histidine and anserine while only 

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

It is worth notinr.that the total amounts of these imidazole 

compounds make up more than 505' of the extractive nitrogen. 

'1,17 



On the whole, presence of methylhistidine and carnosine is 

not si7nificant in fish muscle. Put there iF an exception 

with the latter in the case of eels- . This was reported years 

ap:o by  Acker man and Hoppe-Seylerl? ) , and more recetly by 

Konosu et al . 1(3 ) and Suyama ét al. 19). There are only a few 

repOrts 10,1 5 ,1 9)on the histidine cohtent of the extractives 

'from the elasmobranch, and they indicate the histidine con-

tent to be about the same as, or a little more than, that of 

the white-meat fish. Suyama19)  reports that many species of 

the elasmobranch contain substantial amounts of anserine. 

An analysis of the histidine content in the extrac-

. tives from various parts of the same fish throuR-hout an 

exeriment is seldom available. The only data available is a 

comparison of the contents of dark meat 10,16,20),  liver21) 

and .blood22 ) with that of ordinary meat from several fish. 

• Also available are the results obtained with hea rt21)  and 

kidney 2 3),(Table 4). Histidine is found plentiful in the 

ordinarY meat of yellowtail and mackerel;.but in their 'livers, 

kidneys and hearts, the amount was no more than that in the 

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 situation--extreme-

ly high free histidine content--exists only in the ordinary 

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

The environmental conditions under which fish livp 

and the changes in physiological conditions of fish themselves 

are coordi-ated intricately in nature, and affect the growth 

of the fish. It can he assumed that the composition of the 

extractives in growing fish changes'gradually. 

• Data concerning free histidine in the muscle of grow-

ing fish is very scarce l0,24,2 5 )  . Only a comparison between 

big and sMall fish is found. The red-meat fish such as 

Yellowtail, msckerel and horse mackerel,  as well as fish of 

light-colored meat, seen to have a tendency te accumulate it 

as they grow bigger (Table 5). The author and others 26 ) 

studied the amount 'of free amino acids in carp. 	These carp_ 

•were taken from the same hatchery and observed from the egg 

stage just-before hatcning'and until growth into adulthood. 

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

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

over, this amino acid is found in greater quantity thsn any 

other of the 1? • mino acids in all fish--from small fry of 

0.3g in weight to adult fish. Generally sneakinF, the free 

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

is relatively high22 ' 27)  and 5-F mor‘-; or  less at the same 

level as that of fish of light-colored meat. The fact that 

it reaches its maximum level in still growing fish like young 

carp., may'indicate some physiological demand for histidine et 

 that stage in the liee of the fish. 
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• ' Changes in "environmental and physiological conditions 

of fish affect the composition of extractives either directly 

or indirectly. These changes may be observed as seasonal 

changes* or changes related to spawning. Concerning these 

2b 29) changes Shimizu St al. ' - 	re-ported that mackerel Caught in 3
4 

• 
the Sea of Japan in spring contained less histidine than  that 

 caught in either summer or winter. Hughes 30 analyzed the 

muscle extractives of herring caluilt off England. He stated 

that although histidine seemed to decrease from fall towards 

winter, it is difficult to observe meaningful seasonal changes 

in the histidine content because of the differences in size 

and the degree of sexual maturity  of the.samples 	Generally, 

uniform samples are - hard to obtain  for the study of seasonal 

changes, hence no definite conclusions can be drawn from the 

* results of the analyses. 

Wood 31,32)  obtained very interesting results by ana-

lyzing extractives from the tissues of various organs of 

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

During this jburney there was a rand  decrease not only in 

the concentration of free  histidine ii the muscle but also in 

its level•in whole tissue as well as in whole body. It is 

thought that becaue sa,lmon do not feed during migration, its 

free histidine may be used up as a source of energy; or it 

may be changed to substances that are reàuired for spawnink. 

Furthermore, he'stated that during this Period the 

anserine level did not register any , .chunge. At present the 
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physioloFicel role of these substances in fish, that contain 

2 	 ery--r- t of histidine end its related compounds in the 

wusole (red-meat fish is a typical example), IF not et all 

clear. 

3. Yistiire - telsol.isri FroceFs in Fish .Tissue 

.Whether it is a white-met fish or a red-eat'fish, 

histidine from food serves inside the fish as a synthetic 

substance for body protein. ,Other than that, it is thought 

to be metabolized and used as a source of energy or for 

other purposes. The metabolism of this amino acid is gener- • 

ally known to follow a histamine pathway with decarboxylation, 

and an urocanic acid pathway with deamination 33) . It is well _ 

known that among mammals, under normal physiblogical condi-

tions, histidine metabolism mainly follows the latter path-

way34) .  

This pathway was  studied with bacteria36)  besides the 

liVers of mammals, and very interesting results were obtained. 

However, practically no studies were conducted With.fish. .1n 

this paper reference is made only to the results obtained 

from the studies.of mammals, and those of bacteria will be 

reported at some other time. 	- 

Occurrence of Histidine Metaolic Activity in Several Species 
of Fish 

When a fish is under certain normal physiological 

conditions, histidine brought into the body pool is believed• 

•to degrade at a fixèd rate. Therefore, the author et al. 



• 

/00 

>-» 
-P 
• ■-1 

• 
-P 

• 

› 
•r-1 
-P 
0 

Pf. 

Flathead Éole 
• 

1 
30

I 
t 

! /00 

-P; 
•r-i; 

-P 
50 

: • 

0 	-L_ 
rH 	Ü TO 40 60 

(Ni-/4 ) z  SO4 

0 
: 0 

• • gl •,H  

	

o 	CL 

	

100 	• -1 -=  o 
I p, 

g 

. g 
. 	I 

g 

t 

r 	' 

1° 
M 

.9 0 

(z ) 

20 

1 

40 

8 

studied the intensity of meta:bolic activity in various organs 

of several snecies of fish in order to stuy the tissue of 

the organs involved. The method used may be described briefly 

as follows: after the tissue was homogeni5.,ed in five volumes 

of :a 'cold 1 6/, Ul solution, it was centrifuged at 10,000xg 
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Fig. 1 Occurrence of Histidine Metabolic Activity 
in Ammonium Sulfate Precipitation Zone of the. 
Liver Extractives- of Flathead.ol_e and Yellowtail 

for 20 minutes. • Ammonium sulfate was then added to its super-

nate to obtain 70% saturation. Precipitation zone was then • 

collected. Whpn this was dialyzed for 12 hours in 0.05M 

phosnhoric acid buffered solution (pH 8.0. we found that this 

zone could contain almost the whole of histidine metabolic 

activity (Fig. 1). From similar samples, we compared the 

histidine metabolic activitie s .  in mackere]„ yellowtaiL fusey  

rock cod, flathead  sole and carp  (Table 0 ). 

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

liver followed by kidney. It was'observed that mackerel and 
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yellowtail had-the activity concentrated in the tissues of 

their well-developed dark meat, and mackerel also had a little 

in its ordinary meat. Furthermore, we compared the livers . 

with w444-t 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,a-mole/hr.,, yellowtail 0.26, 

grey rock cod 0.05, flathead sole 0.02 and carp.  0.61. This 

result is quite interesting because it indicates that the 

metabolic activity is higher . in  species, including' carp, that 

accumulate a comparatively large amount of free histidine in 

.the muscle. The ordinary meat of mackerel had a little 

activity but yellowtail, which is also a red-meat fish, did 

not. When histidine occurrence was-studied in the ordinary 

meat of several species, it was feund to exist only in two of 

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

them had this activity in their livers. 
Supernate 

Formation of Urocanic. Acid from the Extractive/ of_Muscle_and 
• Liver 

• We •ound that  the. sample from ammoniuni sulfate precipi-

tation of the ordiary meat of mackerel had weak histidine 

metabolic.activity. We also found that when the previously 

'obtained supernate was incubated under identical conditions in 

the presence of toluol, free histidine in the muscle decreased 

gradually and at the'same time its absortion in the ultra-

violet region increased (277mu)(Fig: 2). Next, this supernate 

36 
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was dialyzed and free histidine remOved. A specific amount 

of histidine was then added and its degradation followed. It 

became clear that its absorption in the ultraviolet region 

increased along with its deFradation (Fig. 3). When the liver 

was centrifuged at 10,000xu for 20 minutes, the amount of 

histidine that had been added deFraded rapidly and its absorp-

tion in the ultraviolet region increased, However, it . was 

also observed that with a longer incubation, this absorption 

decreased slightly (Fig. 3) 

The substance wich is produced by the absorption in 

the ultraviolet region, is believed to be L-urocanic acid 

(hereafter referred as urocanic acid), which is considered . to  

be the first product of histidine. metabolism. . It was identi-

fied by the following three methods 38) : the dialyzed super- _ 	. 

nate mentioned above was incubated for one hour with histidine 

at 37 0  pH 8.6, and subjected to ion exchange chromatography 

using Dowex 50x8. This was later compared with a pure sample. 

The behaviour of both was exactly the same (Fig. 4). 

The-absorption spectrum of this substance in the 

ultraviolet region coincided with that of the pure product, 

and also with the spectrum of the substance produced from the 

centrifugal supernate 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 paper chromatoprapnv was developed (20°C) 

with Toyo filter paper 1\fo. 51 and n-butanol-acetic acid-water 

(4:1:1), both spots coincided precis .ely with Rf value of 0.59. 
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Thus the substance obtained from histidine by the 

muscle supernate was identified as urocanic acid. The sub-

stance obtained from the liver supernate can also be con-

sidered the same sirce it yielded the same spectrum. 

Generally the enzyme.related to the production of 

urocanic acid from histidine is known as histidineaminase or 

.histidase or, more properly, histidine ammonia-lyase (E. C. 	 - 

and catalyzes the following reactiont 

Histidine—›-urocanic acidtammonia 

The ammonium sulfate precipitate of the macke27. el, 

muscle also yields equal moles of urocanic acid.  and 

along with the degradation of histidine, forming a chealical 

quantitative relationship (Table 11).. Fro thèse results it 

can be said that the histidine metabolic activity found.in 

e . the muscle of mackerel is based on histidire/aminase activity. 

Also, since urocanic acid is produced the histidine activity 

in the liver must be due to thiF enzyme action. 

There has FO far been no report dealing with thé exist-

ence of this enzyme in the muscle of animals. Thisreoort 

must be the first one 	The characteristics of thiS muscle 

enzyme' are  described later. . 
• .11 ,,,)ernato 

Degradatign of_Urocanic_Acid in thee•Extractive/ of  the  Muscle 38 
and Li ver  of   Cam r and :..actçerel 

In the case of maqkerel liver, it was observed that . 

 urocanic acid yield decreased a.little with longer incubation 

. as seen in Fig. 3. This may be reg-arded as due - to the exist-

ence of urocanase activity in the liven extractive (centri-

fuged supernate). Hence, the existence of urocanase activity 

• 
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was studied in the muscle and liver, samples of carp,besides 	• 

mackerel (Table 12 and Fip:. 6). In the case of muscle 

samples the urOchnic acid degradation did not occur.in either 
supernate 

species. Degradation occurred in the liver extractive/ but 

the degree of activity was far weaker in the liver of mackerel 

;In 
than that of carp\)that- -. i. Already it has been reported 

this en:ymic activity -definitely exists in the livers of land 

mammals such as patE.,., cows and sheep; and the formation of 

imidazolonpropionic acid acc .ompanying urocanic acid degrada-

tion has also been recopnized 41-41 3 ) . 

Urocanic a..cid -1-F[2.0 --,:1?-imidazolonpropionic acid 	' 

44 ) 	 /. 1 
Rao and C,reenberg - and, more recently ,5  wainer-

5) 
 nave 

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

to a fairly high degree and.studieda. few of its characteris- .  

tics. In the case of carp, comparatively strong, activity was 

round  not only in the . liver.but also in the kidney79). • 
Supernete 

14c -Histidie . :V;étabolism in the Extractive/ of  the Livers of 
Cam p and Mackerel 

1n order to learn the process of histidine metabolism 

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

reaction mentioned above, but also the aMount of histidine 
supernate 

that can be metabolized.in the tissue «extractivd. 'Therefore, 

14c -histidine (U) was used for the study to determine the 

metabolic medium in which this radioactivity penetrates the 

least. The centrifuged.supernates of the . livers of carp and . 

mackerel, obtained in the manner described earlier, were 

incubated at pH 7.2 and .37°C. After that the metabolic product 
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of histidine was put through an ion-exchange column of 

Dowex 140) . ln the case of carp  (Fig, 7), the peak of 14C- 

histidine gradually decreased after 25 minutes and after 120 

minutes; and the reaks of metabolic rroducts such As 14G- ,- 

urocanic acid, 14c_formi  mincglutamic acid and 14C-g1utamio 

acid, increased. Among them the accumulation of form5mino- 
. 
glutamic acid was significant (Table 13). The formation of 

this substance means th8t imidazoloneuropionic acid, formed 

•y urocanase action on urocanic acid route (deamino route) 

that has so far been reuorted, is transformed into formimino- 
4o 

glutamic acid by the action of imidazoloneuropionase (imida-

.zolone-prOpionate amidohydrolase, E. C. 3.5.2.7). Also, the 

formation of glutamic acid suggests that this substance is 

then formed from formiminoglutamic acid by the action of 

Fluiamic a'cid formiminôtransferase (N-formiminoglutamate: 

tetrahydrofalate-formiminotransferase, E. C. 2.1.2.5), 

• It has been reported that in the case of mammals the 

activity of imidazoloneorocionase was found in the livers4.6,4q 

nnd that of trahsferase was found not only in the livers 48, 50 . 

 but also in thé kidneys5 0 ) and the sp1eens 5°) . 	 • 

In the case of mackeel  (Fi. g: 8), the ueak of 14C-

histidine gradually decreased after 25 minutes and after 120 

minutes, and the peak of 14C-urocanic Acid only increased. 

Radioactivity in other metabolic substances was almost nil. 

(Table 14), This, as stated before, coincides with the fact 

that urocanase activity is markedly weak in the liver of . 

mackerel. 
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S -budyinp the metabolic process of histidine in fish 

liver frorr: these data, as seen in the case of carp, we find 

t'nat histidine-ctabolizes raeidly to glutamic acid -  just as 

- in the liveT of mammals. 

-NF 	 +1-120  - 3 Histidine 	urocPnic acid 	> imidazolonepropionic acid 

formiminoglutamic acid 

—1 '4-tetrahybrofo1ic acid 
alut ,)mic acid.E 
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On the.other hand, as seen in the case of mackerel 

liver, .the degradation of urôcanic acid does not occur further 

because of a weak urocanase activity. If this substance is 

not excreted from the body as it is, then it can be explained 

tha't'it is carried from the liver to entirely different organs, 

and is catabolized there. Also, in the case of fish, urocanic 

acid, produced by histidineaminase in the muscle, does not 

degrade further since urocanase activity does not exist in the  

muscle and must be treated by tissue other than the liver. As 

to degradation of imidazolonepropionic acid, another route is 

known34)  for mammals but ia omitted here, 	• 	 • 

Some Characteristics  of Histidine Deainase Obtained from 
the Muscle and Liver of !ackerel 

It has been stated before that maCkerel has histidine 

deaminase not only in its 'liver bUt.also in its muscle (ordi-

nary•meat).. This is an essential and very important . enzyme 

for catalyzing the initial stage of the urocanic acid route, 

A study  ha  s been made On the enzyme samples obtained from 

bacteria Pseudomonas fluorescens and an explanation of  1t. 

function was attemptee0 ) . Also recently Rechler46) :reported 

the biochemical and physicochemical.nature of what are thou- . 

ght to be uniform samples obtained from Pseudomonas sp. 

There are many studies 53-60)  related to metabolic control 

based on the -mantitative changes df enzymes. 

This. enzyme, as has been known for long, occurs not 

only in the liver of many mammals and in various bacteria31 

4 but also in human epidermis 6 ), The existence of this enzyme 

61-63? 
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in fish was known to-be only in the. liver 63). The author et 

al• 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 muscle and liver. 

Characteristics of Enzyme Obtained from Muscle 

There are many reports 66M )  on the nature of histidine 

deaminase originating in animals--all based on the utilization 

of partially purified semples. However, all of them were 
no 

obtained from livers, and there has been/reoort on its nature, 

or even its existence, in muscles. Therefore, the auther et 

a1, 6 5 )  extracted this enzyme (henceforth referred as 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. 

As a sample, 'the ordinary meat of mpckerel with rigor mortis, 

was separated.Carefully so as not to mix it with the dark 

meat. After it.was homogenized with three volumes of a cold 

1% calcium chloride solution, it was centrifuged'at 10,000Xg 

for 20 minutes, In order to remove the abundant free histi-

dine this supernate was dialyzed in 0,1M phosphoric aCid 

buffered solution, and crude enzyme solution was obtained. 

This crude enzyme Solution was purified in the following 

order: ammonium sulfate precipitation at 70% .saturation, 

heat treatment, ammonium sulfate precinitation at ej5 to 65% 

satUration, DEAE-Sephadex and hydroxylapatite chromatography 
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ammonium sulfate precipitated 

- 	 . 

and gel filtration using Sophadex 

sairples with relative acti ,.,i - y of 

Since we obtained 

--lc() to 40 0  timer  ru --'e  than 

that of the crude enzyme solution, they were used fc- our 

experiments. The measureent of enzyme activity was based 

more or less on the method by.Tabor et al.7 0 ). 

From the temperature stability point of view, this 

enzyme is stable at below 55 0C, but rapidly ]..oses its activity 

above this (Fig. '9). A similar result was obtained using the 
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• 

• Fig. 10 pH--Activity Curve 6 5) 
of  -Histidine Deaminase 
Obtained from M.ackerel 

0,---ehosrhate 3uffered 
So1ution(0.1M): 	Carbonate 
Puttered Solution (0.U) 	• 

zone wnich is one step prior to 

4 1 • 

the heat treatment. In general histidine deaminase seems to 

be a cowparatively stable en7yme against heat. This was clear 

from the fa et  that heat treatment was effectively used for i'ts 
• 66 68) - urificatlon •'.- . Next, drawing a pH activity curve for 

this muscle enzyme (Fig. 10), we found that its optimum pH is 
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around 9 .0. The optimum pH of histidine deaminase, collected 

60 ) by Cornell nnd Villee 	anpears to be around 8. 5  to 9.2 

(Table 20). Kato et al. 66)  have also pointed out thnt it is 

at 8.7, 	the env.yme frorr 	inea  pi  g liver: Generally, 

- the substrate-specificity of histidine deaminase has nôt been 47  - 

studied.ir detail but it iP considered to be very high 61,70) . 

On this pàint, the author et al. examined its capability to 

produce ammonia usin, . aspartic acid, tyrosine, phenylalanine, 

tryptophan, histamine and carnosine; and found that muscle 

histidine deaminase has no effect on them 71) . 

Its behaviors against metal ions, EDTA, SH compounds 

and SR  inhibitors, showed some very interesting results 

(Table 16). The enzymes obtained,from  the  liver of mammals 

and microbee 66,(7 ,92 ) are said to he activated by Zn41-, Co" 

and Me. (10 -3,-10-4M). But the enzymes obtained from the 

muscle have no such effect Eind have not been inhibited even 

by EDTA. Thus it seems that it does not recuire metal ions 

as activatorS.. According to Tabor and Mehler7 9 )  and 

Peterkofz1cy51 ) histidine deaminase of bacteria is activated by 

5f1 compounds sueh as GSH, thiop-lycol etc. Cornell end 

Villee et al. 67)  also noint out that. a similar effect is ob- ... 

tained fcr the enzylre in ra+ liver by GSH. On the other  band,  

muscle enzyme has not been affected in that manner by these 

SH ecnnounds. Instead there was a reverse effect and it was 

a little inhibited. However, since it was irhibited strongly 

by pUB (1X10 -4 M) and recovered by cysteine, it is assumed 
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that it belons to a kind of SH type enzymes. Whatever it is, 

these two points--failure to be inhibited by EDTA and lack of 

activation by GSH etc.--do not coinbide with any characteris-

tic of histidine deaminase with a different oriin. 

Characteristics of Enzyme Obtained from Livpr . and_acteria 

• It has been stated before that the liver of macj;..erel 

had 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. Furthermore, 

the enzyme was also taken from the muscle and bacteria. 

Pseudomonas fluorescens  mentioned 

cally compared as to Km value and 

substrate histidinè. 

The muscle enzyme of mackerel was extracted and purl- — 

fied-according-  to the methed described earlier. Crude enzyme 

.solution extracted in the same way as from the Jiver, was 

. .purified73)  to about 100 times  of  crude enzyme stage by amffioni-.. 

um sulfte zoning, chromato2=raohy using DEAE, Sephadex and 

hydroxylaratite.and P:e1 filtration, and was then used as an ' 

' enzyme sample. Also, Pseudomonas fluorescens was cultivated 

• in culture solution containir,P; histidine, extracted and p.uri-

fled by Peterkofsky's method 51) , was further purified to about 

100 times of crude enzyme 

It was undestood 

inhitited by SH compounds 

this with other histidine 

solution by gel filtration. 

tha+ muscle histidire deaminase was 

like GSH and thiOlyobl. Comparing 

deaminase(Table 17), however, it 
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became clear t ha  t liver enzyme got activated twice as much at 

10 - 10 -4M GSH and that of bacteria got 1:000 to 2,000 times 

more.  st  10- 3  . The enzyme of bacteria is reported to be acti- 

ivated strongly by thiou1yco1 51 ' 52)  in addition-to GSH70 , but 

Rechier52)  showed that in the case of thioeycol the effect 

-was observed only with its optimum concentration, and.it was 

gradually lost ES the concentraton became any higher. -  In the 

case of muscle enzye it was expected that a similar phenome-

non occurred with glutathione, but it was never activated even 

at relatively weak concentration of under 10. -4M. EDTA in-

htbited the functions of bacteria and liver enzymes with an 

increase in its concentration, but it never inhinited the 

live ,- enzyme as mentioned above (Table 18). . According to 

Rechte52 ), tne enzyme obtained froT bacteria is not inhibited 

even at 10mM EDTA concentration when thioglycol is not pre-

sent, but a marked inhibition phenomenon is observed in. the 

presence of this SH compound thereby suggesting . that SHecom-

eounds have some kind of relationship with this chelation 

inhibition. It was attempted to determine whether a similar 

phenomenon also took place in - liver enzyme in the presence of 

CSH, but it was not detected. 

Obtaining the Km value by Lineweaver-Burk plot (Fig. 11 

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

bacteria 2.7x10 -2 , liver 7.8x10 -4  and muscle . 3.310 - . 

When GSH was present the values of the former two. decreased 

- slightly, but in the case of muscle it showed an increase. 

L.  
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This implies that at least a ,Dart of the inhioition by OSE 

mentioned so far results in something of a rivalry. 'From the 

reports made so far, the Km value of histidine deaminase mea-

sured under similar conditions, is in the'order of around 

10- 3M66 ‘ 67 ' 60 ' 74) . The Km of the liver of ma_ckerel in the 

presence of OSE (1.0X1C -3 ) looks somewhat-lower at 2.9(10 -4M. 

By the way, as stated before, the free histidine concentration ' 

in the muscle and liver tisrues of r-.ackerel differs greatly- - 

 the'farmer.1X10-2 M,'ard the latter only 1.310 - 3M. Moreover, 

the bacterial-cells obtained bv 14C-histicUne showed a much 

lower value of "3.9q.0 -14 .(i.t11 concentratIon of culture . 

solutibo 1.0x10 -2 ). The order of the concentration of these 

substrates ha.s a rc ,.?erse rela :tionshi with that of Km values 	• 

of their'enzymes. That is, -:hether Or not . OSH is added, Km 

follows the order of bacteria, -liver and muscle  (Table 18). 

The reason is not clear p.ci its exçlanation will require the 
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solution of problems such as those of the differences in the 

concentration of substrate histidine in both inside and out-

side of muscle and liver cells and the distribution of sub-

strates and enzymes in the cells. The occurrence of histidine 

deaMïnase in the cells is, however, as has been know(I from a 

study?5) usi -ng floating cells in the blood serum of mammals, 

in the supernate and not in nucleus, ritochondria or microsome. 

As in the case of enzymes related to metabolism of many amino 

acids, in the liver cells this enzyme also has a poseibility 

of existing in the supernate. 

A lot of data 68,69) has .been available on the molecu-

lar weight of this enzyme (Table 20), which is around 200,000.- 

The author et al. also Estimated the molecuar wei,2ht of the 

enzy.,, es . of muscle, liver and bacteria of mackerel by the 

sucrose gradient ,  sedimentation method7 6 ) (Table 19). Each was 

around 200,000 and there waG not much difference between those 

three. Rechler5 2 ) estimated the molecular weight of histidine 

deaminase of Pseudomonas su. as 2.34-,000 by the sedimentation•

method, and 211,000 by the sedimentation eeuillibrium method. 

're further devided it into subunits with 35,000 molecular 

wei:-- ht, by treating it with 6M hydrechloric i:uanidine 0.1M 

thioglycol system- . it seems that the enzymes of muscle and 

liver too are com,Josed of some subunits. The sustenance of 

such subunit comnosition impart the allosteric nature to the 

en7vme protein" ) . However, only ressie and Neidhardt") - 

'have suggested the possible aopearance of allosteric effect 

or. hintidine den-lir, se of bacteria which has been studied 

41-1, 
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relatively well. Sirice histidine deaminase is nn enzyme to 

catalyze an important reaction--th-e ste- of main meta-

bolic pathway of  histidine--- a study in this directicn in the 

future is indicated. 
q) 

Cornell and Villee -
r, 

 - studied histidine de2minase of , 

three kinds of bacteria, and that of the ;iver of four kinds 

Of animals including a human being and obtained their optimum 

pH, Km values and molecular weights. They concluded that in 

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

between the various species. However, detailed studies in 

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

of mackerel, and bacteria tseudomonas fluorescens, showed that 

the enzyme in mackerel liver was similar to that in the liver 

of mammals33 ,67) since it was inhibited by tnTA and was acti-

vated by GSH. It was also similar to that of bacteria. On 

the contrary, however, the author et al. are at present of the 

.00inion that this histidine deaminase is somewhat of a special 

tyoe, because that in the muscle is-entirely different from 

the other two at tWo points stated . above, and also because of 

the fact that the muScle enzyme does not adhere to DEAE-

•dphadex column under the same conditions under which the • 

enzyme of mackerel  Li ver  adhered. 

S.  Fluctuations in Activities of Histidine Deaminase and . 
Urocarr, ne in Carp Liver and Fr , e Histidine Conte:-It in  
Carp  IYuscle 

A significant amount of free histidne is believed to 

play a special role in the mus.cle Of some fish as mentioned 

- • 	 • 
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before. It is, in general, used as .  merely a kind of amino 

acid to synthesize body protein. It may also, in certain 

cases,  act as the source of energy as a result of catabolism 

or as a supplier of formyl radical. Because histidine has 

proven to be an esFential amino acid in chinook salmon2.° ,  

there must be some mechanism to strictly control histidine 

metabolism in the body of fish. 

Not only fish but all living beings react to the 

changes in environment exterAal to the body, including food. 

They try to maintain the stability of their internal environ-

ment in a broader sense, and metabolic control  in  the body 

seems to be one steP in  this direction. The control of meta-

bolism is often observed as the quantitative fluctuation of 

enzymes related to its metabolism. So far as fish is concerned 

the whole picture of histidine metabolism is not quite clear 

at present. It seems important to oursue the research on the 

enzyme of urocnic acid route--a main metabolic.route especial-

ly for histidine .  deaminase and urocanase. 

As a start a couple of exoeriments have been conducted 

on how free histddine concentration and enzyme activity in 

the muscle would be affected by treating carp with pro -tein 

defficient feed and by starvation. This, along with a similar 

study using rat, is being introduced here. 

1--rfect of Low Protein Feed on Histidine Deaminase  and Urecanase 
Activities in the Liver of Carp  

Young earn (3CYto. 50g in weight) were given feed equi-

valent-ofer../ of its weight (Table 21) twice a day (morning and 

21 ) ,  

45 
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evening) for 1 1+ days, After homogenizing its tissue in four - 

velumes cold 1% potasium chloride, it was centrifuged for 15 

minutes at 10,000Xg, and its supernate was used as the enzyme 

solution for the measurement of the activity. The measurement 

"was:Carried- out using the method of Tabor and Mehler7 ° ) 

 a slight modification79 ). 	 • 

Inside the carp histidine deaminase and urocanase were 

most active in the liver79) . Therefore, only the liver was 

used for the measurement of enzyme activity. It was stated 

earlier that in the extracted supernate of the cal:a liver histi-

dine was ontabolized at least to glutamic acid, When the 

enzymes activity of the liver of carp fed on low protein food 

(including  5  casein), was comared with that of the car  p with 

high protein feed (including CO% casein).both the enzymes were 

found to have clearly more activity in the latter. Further, 

• when eau were 2-iven low protein feed to which hintidine had 

beEm n-Ided to bring it to the level'of the high -protein feed, 

. 	 the activity of . histidine deamirnse - .increased slightly and 

the urocnase activity rose to a level fairly close to that of 

high protein fé.ed. Comtari-g the lcw protein feed with  medium -

- protein or 115.gh protein.fecds, the activity of amino acid 

metabolic.enzymes in the livers 'YDS generally repressed. This 

• phenomenon was observed with rats 89 9 91) . * Similar reports have 

been  made  with histidine deaminase and urocannse in rat 11-,ier 

•ivers" 82)  (Table 23). The causes of this phenomenon nre 

very complex. 11  is believed that one of the causes may be 

with 
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the repression  effet of glucose as sukw,ested in an experiment 46 

by Sahib and Krishna Murti 81're5 ) . That is, when rats with low 

protein feed were given casein  solution  for a week, histidine 

deaminase activity of the liver increased. But if glucose was 

added at the same time, - this'increase was repressed (Table 24). 

This can be interpreted 81)  to have 'a. connecticn with catabo  

represion53 , 59, 7b) . associated with microorganisms. The 

author et al .95)  also found the repres-ion action of glucose 

and glutamic acid in a preliminary study using carp. 

When histidine was added to low protein feed the acti-

vity of both enzymes in cni2e liver increased a-little (Table22). 

A similar, effect was observed 9 5) when this was injected into 

the abdominal cavity. On the other hand, the . experiment using 

• rats showed  no effect . of histidire8186 ) (Table 26);when it 

was-added •o low protein and medium . protein feeds. It is . also 

reorted that no effect . is  shown when histidine only is in- • 

q7 i.q)8 
jected' — . Even cau seems to show a considerable effect 

of the comosition of food given as a treatment  un or  to in-

jection and the-length of reriod of starvation following after 

that 96) . 	earwhile, Sahib and Krishna 1urti 81)  observed that 

in rats fed on low protein diet histidine .deaminase activity 

did not increase if only histidine'wns given. But by adding ' 

a small amount of casein solution a similar or better effect 

was observed (Table' 25). This does ilot indicate •hat protein 

synthesis of net has occurred in the liver:  cells or inert' 

prOtein molecule existing before were activated. It is inter- 

estinz, however, to know that a sm:il] amoun.t of casein solution 
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has some role, even though indirect, tp play in bringing about 

even this effect. Kore explan-tion is expected in the future. 

Pffeet. of Stnrvetion on the A-tivities of Histidine  TDenmin-se,  
and Urocanase in the  Cr  p Liver 

. 	It is thought thnt ayery delicate change occurs in 

the metabolism of substnnces if the food stimulus--one of 

those affecting internai body environment--is removed by not 

feeding an animal. Both'enzyme activities were compared?9)* 

(Table 27), therefore, between the carp which were kept with-

out food for 14 days and the previous carp fed on high prote • n 

diet. In both histidine deaminase and urocanase the activity 

per unit weight of the ].ver  tissue.was higher in the fish 

'kept without food.  •  On the other hnnd, when calculated.as 

activity rer whole liver there WFS not much difference between 

those two groups. The activities of both enzymes in the fish 

without food was about the same  as  that in the fish  • ith food. 

.But as the number of days without food increased, the'liver 

weiht decreased 71)  and after 14 days the rate of decrease was 

33.3e79) , The increase in the activity per unit weight can be 

attributed to the concentration of the enzyme. It has been 

• recognized that in the case of the liver of n rnt with rein- 
. 
tively short period of starvatioh, 21- he activities of both 

enzymes did not decrease 82,89)  (Table 28) either. iv'oreover, 

Kolenbrander(?°)  established  the  fact that the activity of this 

enzyme decreases  fter  sen  dnys of stnrvntion, but does not 

decrease for two or three days and maintains its original 

level. Also, the activity of urocanase, though a bit faster 
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than the other, does not decrease e'asily.  lb  is known that 

the ac 4:ivities of arginase and threonine dehydrasel )  of 

enzymes, related to amino acid metabolism, also increases 

through  starvati  on.  From the point of ennrgy 81.121y by cata- . 

bolism, the existence of these enzymes in the liver  tissue  is 

important, and it can be considered that there is some kind 

of control mechanism tat stoes the metabolism of these enzymic 

proteins simply by starvation. Since a study has started on 

the effects 82, 9 2'94 ) of feeding various hormones on histidine 

deaminase and urocanase activities in the liver of a rat, it 

is exoected that it will gradually elucidate more details of 

the histidine metabolic control mechanism. 

Effect of Low Protein. Feed and  Starvation on  the Free Histidine 
Content  lu  Carp Muscle. 

It was stated before that the car  muscle contains 

relatively high concentration of free histidine. If this is 

to  constantly.  carry on an important physiological mechanism in 

this tissue, it. must not be affected by any sort of treatment 

that may possibly change the physiological conditions inside 

the body, such as low protein feed or starvation; and it may 

well be assumed that'a certain concentration of free histidine 

is maintained. Under similar feeding conditions (able 21) as 

mentioned'above, low-protein-fed carE (including  5  casein), 

high-protein-fed carb. (including 80% casein) and starved earn 

were studied for 14 dayS and measurements taken  of free  histi-

dine in their muscle and, at the same time as a contrast, of 

free lysine whoso content is relatively high (Table 29). 
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Low-protein-fed carp have markedly . l.ess lysine content  con- 

arec  to thnt among the high-protein-fed carp. Also a similar 

decrease was observed in starved carp.  On the contrary, 

histidine content did not show much change and it became clear 

that, with this kind of treatment, this amino acid was main-

tained in a specific concentration in the muscles9 6 ), It is 

imagined that in the fish body free histidine is-usually 

carried from the muscles to the liver through the blood 

stream, and its amount is mainly controlled in this tissue, 

and returned  trou} the blood stream to the muscles. The 

control mechanism is also believed to exist in the cell mem-

-Cranes of the muscles. 

The importance of free histidine in the muscle of carp  

. is sug2.ested here again. Lukton97) fed chinook salmon on two 

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

methionine- --for a long time and compared the contents of fou-

kinds of imidazole compounds (histidine, 1-methyl histidine, 

Carnosine and anserine) in muscle extractives with those of 	- 

contrasting fish. He found out, as a result, that excer- t for 

anerine othe -e 5-idazo1e coeounOs decreased in conient because 

of this treatment. "As-we knowthat-in the muscle of' sockeye 

salmon, in transit  for spawning, free histidine. content de- 

- creases durir its progress but anseriPe content does not 

chang,e5 1 ), so in this kind of fish, that has little histidine 

the  -uncles, nnserlee may play an imoortant role. 
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Conclusion   

The mechanism of free histidine accumulation in the 

muscle of dark -meat fish and paro or its physioloc.4cel meaning 
- 

is not clear. There is no simple explanation for il., In 	. 

order tb accoulish this type of sudy, it is dangerous to 

apply deductively eny knowladpb or laws, obtaired . froM stud- • 

yinFr land mamrc.als, to the aquatic animals. Thinp.s 1 ,asic with 

all  1  vi-t7,  hein7s on the earth are also basic with the npuatic . 

 animalq; but special physiological mechanisms or metabolism 

evolved to  halo  them adapt to their external environment. 

These seem to be common to all ànimals in that particular group 

• living in t':-.at particular environment. 

As the analysis and observation. technioues improve, . 	. 

we expect that new facts will be found from an unknown part 

of aquatic living beings and different law will be born .based 

on that. 



Table 1. Free Histidine Content in Fish.Musclen) 

____ 	 Fish Species 	 Weight 	Histidine 
(g) 	(Inge) 

Frigate mackerel 	. 
, 	Auxis thazard 	 350 	1,010 

Yellowtail 
Seriola quinqueradiata 	1,020 	1,035 

Mackerel 
Red-meet 	Scomber japonicus 	 6 00 	802 

fish 	Striped marlin 
Makaira mitsukuri 	 18,750 	1,520 

Big-eyed tuna 
Parathunnas mebachi 	 15,290 	1,010 

Mackerel pike 
Cololabis saira 	 75 	1,61 0  

Dolnhin 
Coryphaena hipourus 	 12,370 	937. 

Sardine 	 • 
Sardinea melanosticta 	 75 	606 

. 	 • 
Horse mackerel 	 • 

Light. 	' 	Truchurus japonicus 	 260 	368 
colored 	Japan sea bass 
meat fish 	Lateolabrax japonicus 	 650 	6.9 

Barracuda 
Sphyraena cinguis 	 64 	170. 

• 
• . 	. 

Nibbler 
Girella punctata 	 6 0 	ç c _.».) 

Puffer 	 . 
Whit&-meat 	Lagocephalus lunaris 	 355 	4.7 

fish 	Dab 
. 	 Limanda herzensteini 	 520 	16.7 

Trieerfish 
Stephanolepis cirrhifer . 	12 	- 4.6 

Red sea bream 
. 	 Pagrosomus ffiajor 	 100 	• 	47.7 

Common flounder 
Paralichthys olivaceus• 	300 	4.7 

Sillaeo 
Sillago sihama 	 67 	40.3 

Gurnard 
Chelidonichthys kumu 	 154 	' 	7.4 

L....._. 



Table 2. Free Amino Acids, Taurine and.Urea Content in Fish Muscle 15)  

-------- - 

	

Yellowfin Mackerel Horse 	Grey'lathead 	Spotted 
tuna 	Scomber 	mackerel mck clole 	shark . 
NeothunnusjaponicusTrachurusL3ebastesrlippoglos Mustalus 

	

albacora 	 japonicusinermis soides 	nana go 
. 	. 	 dubius r__ .0. ,(5 	4, 

mge 	(mge) 	
.... 

	

(mg%) 	(mg%) 	(Mg%)  
Urea 	 - 	 - 	- 	. 	,- 	- 	1001.0 
Taurinè 	 13.3 	( 1- ) 	18.5 	29.8 	64.6 	28.0 
Aspartic acid 	- 	 2.3 	8.8 	4.8 	15.3 	5.9 
Threonine 	1.9 	8,1 	1.8 	3.1 	'5.1 	12.1 
Serine 	 2,2 	(I) 	0.2 	0.5 	(t--) 	4.9 
Glutamic acid 	1.4 	17.8 	14.4 	2.4 	5.0 	2.7 
Proline 	 - 	1.8 	(1 ) 	4.8 	- 
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 	5.4 	('-t-) 	9.7 	(±-) 
Methionine 	4.0 	2.5 	• 	(±) 	0.6 	o.? 	14.0 
isoleucine 	9 .1. 	.0.9 	0.8 	1.0 	1.8 	2,8 
Leucine 	 2.5. 	4.7 	0.1 	4.1 	2.8 	4.3 
Tyrosine 	 3. 2 	5 . 

	

_,., 	1.9 	3.5 	(±) 	1.2 
Phenylalanine 	1.5 	3.0 	9.7 	3.9 	(2--) 	2.1 
Tryptophan 	- 	2.3 	0.1 	(±) 	(t) 	(±.-) 
Histidine 	832.0 	781.2 	174.1 	2,8 	'9,8 	63.6 
Lysine 	 23.6 	17.1 • 	28.8 	7.5 	34 .3 	0.2 
Arginine 	32.6 	(±) 	14.1 	' 	.7.6 	( .1.-) 	9 5  

.(71) Trace 



Table 3. Imidazole Compounds Present in the Muscle Extractives' 
from Various Fish16) 

Fish species 	---Hil-3-ddine- Methyl- Camo sine Anserine  Extractive  "mid a. zole 

	

hi stid in( 	 nitrogennitrogen 
Marine fish 	 (mF:%) 	(mgcq 	(mg%) 	(mg%) 	(mg%) 	- --p4F- 

/ 4 : 

Yellowfin tuna 	. 
Neothunnus macrouterus 	550 	o 	7. 	718 	500 	63 

	

735 	o 	0 	737 	620 	60 .„ 

	

570 	- o 	ô 	998 	650 	6 0  

	

412 	o 	2 	612 	1020 	26 

	

739 	o 	113 	458 - 	660 	51 
Albacore 	

. 

Thunnus germo 	 606 	0 	- 27 	933 	1070 	36 

	

775 	o 	" 99 • 	254 	370 	80 

	

1190 	- 	43 	588 	• - 	- 

	

403 	- 	36 	475  

	

- 888 	0- 	181 	124 	740 	. 	4.3 
Big-eyed tuna 	 . 

Parathunnus mebachi - 	473 	' 0 	0 	670 	510 	.55 
II 	 488 	o 	o 	761 	640 	48 

	

519 	0 	14 	5 	420 H 

Black cod 	 • 
Anoplopoma. fimbria 	33 	- o 	, - 32 - 	442 	270 

Swordfish 	 • 

Xiohius gladius . 	 3 	o 	. 11 	372 	240 	38 
North American sardine 	763 	0 	- 2 	7 	48 0 	44 
eSardinops caerulea 	 . 

Chinook salmon 	 . 

	

Oncorhynchustshawytsdla - 22 	29 	- 18 	278 	290 	29 
H 	

37 	0 	27 	478 	300 . 	43 
. 	 25 	o 	0 	420 	490 	22 It 

Pink salmon 	 . 

Oncarighus Ç.-orbuscha . 	4 0 	' 0 	- 	o 	552 	210 	67 
Coho sallr.oh 

Onchrhynchus Kisutch 	48 	25 	- 11 . 	612 	44 0 	37 
Atlantic menhaden 	 . 	 . 

Brevoortia tyrannus . 	233 	5 	7 	o. 	380 	17 
Thread herring 	 . 

Alosa sapidissima 	113 	- o 	9 	o 	220 	15 
Cod species  

Gadus sp. 	 3 . 	20 	5 	120. 	280 	13 
Barracuda species 	 . 	• 

Sphyraena argentea 	• 130 	0 . 	(.. 

	

,-, 	2 	290 	12 
Halibut 	 . 

Hippoglossus stenolepsis -- 	5 	0 	. 11 1 	89 • 380 	7 
o' 	7 j 	'36 	180 	6 II 

-» Ratio to extractive nitrogen 

North Americah Pacific 
maekerel 

Pneumatophorus diego 

Skip jack  
Katsuwomus pelamis 

t t 

t l 

600 	0 	• • 5 	• 	1? 	370 

	

. 	_ 45 .  
3.5 1 

45 



Table 3. Con'd. 

Fish species 	IiiEtidine Methyl- C%e-nœine Anserine -xtractiv€ Imidazole 
histidiœ 	 itrogen nitrogen 

Marine fish 	 (mg%5 	(mg%7 	(mg%) 	- rag%). 	(mg%) 	%e 
Rock cod species 

Sebastodes,sp. 	 5 	0 	0 	0 	290 	0.4 
., 	- 	 9 	0 	' 	5 	0 	240 	1.1 
Atka mackerel species 	

. 

Ophiodon •elongatus 	3 	0 	0 • 	0 	310 	0.3 .  
II 

 

51 	0 	5 	7 	250 	1.6 
Pacific - Ocean perch 

Sebastodes alutus 	8 	0 	7 	5 	290 	1..7 
Rainbow smelt 

Atherinôpsis 
californiensis 	2 	0 	5 	36 	250 	0.4 

Sole 
Glyptocephalus 
zachirus 	 12 	: 	0 	7 	. 	7 	. 310 	2 

Se  a bass 
Stereolepsis gigas 	5 	0 	0 	0 	160 	0 .6 

Sole species 
(Californian) 	 1 . 
. Isobsetta isolepsis 	3 	0 	0 	0 	200 	0.5 

Ray species 
Raja.inornata. 	 0 	2 	7 	o 	1250 	0.2 

.Shark species 
Triakis semifesdiàta 	0 	1 	0 	2 	0 	1110 	0.1 

— 
Fresh water fish 
Croaker.family 

Aploceinotus 
• grunniens 	• 	50 	0 	20 	0 	230 	8 
Rainbow trout . 	• 	 . 

Salmo gairdneri 	39 	0 	47 	10 	380 	16 .  
Buffalo fishes 	 . 
• Ictiobus sp. 	 37 	• 	 16 	0 	220 	6 
Caro 
• Cyprinus carpio 	Go 	o 	2 	• 	0 	350 	5 

• 157 	0 	• 	7 	0. 	290 	.15 
.yellow Perch 	 . 	 • 

Perca flavesdens 	47 	0 ' 	o - ) 	17 	270 	7 	- 
Walleye 

Stizostedion vitrean 	62. 	0 	9 	84 	220 	17 

e Ratio  to extractive nitrogen 



■ 	. 

Table 4. Free Histidine Content in Fish Organs 

H-1«.ti-TdIne--  
Fish species 	 Organs  	(mg%). : 

FriP•ate mackere1 10 ) • 	Ordinary meat 	1.010 	' 
	 Alixis 	t'rlazard 	 Dark meat 	j 	433_ 

— 	- 	----- 

YellowtaillCa 	 Ordinary meat 	972 
Seriola ouinoueradiats 	Dark meat 	247  

Mackere1 10 	 Ordinary meat 	802 	. 
Scomber  japonicus 	Dark meat _u_ 	207  

Yellowfin tunal 6 ) 	 .Ordinary meat 	740 
Neothunnus macronterus 	Dark meat 	 223 • 

Albacore 16) 	 Ordinary meat 	775 
Thunus germo 	 Dark meat 	 272 - 

Skipjack 16 ) 	 Ordinary meat 	889 
Katsuwanus  pelamis 	Dark  meat 	 172 

Barracuda16) 	 Ordinary meat 	130 ' 
Sphyraena argentes 	Dark meat 	• 	51  

Horse mackereln) 	 Ordinary meat 	163 
L_ Tracj-lurus_janonic4s « 	_ Dark_mest____ 	_ 	 ____ 

. 

r(.ackere1 21). 	 Ordinary meat : 	656.1 
1 	 Scomp..er_ jappnicus 	 Liver 	22.3  

Yellowtail23) 	 Liver 	 lj 
Serials  luinuaradiats 	. 	Kidney  	0.4 

Ye11owtai 1 21) Liver 	 7.5 
Serials quinnueradiata 	Heart 	 

. 	 - 
Carp 22 ) 	 Muselo 	 242 - 	• 

- 	Cyprinus  carpi() 	 Blood 	• 	3 	._ • 
carp21) 	 Muscle 	 138.6 

Cvorinus caroio 	 fluer 	 20.2 



Table 5. Free Histidine Content in the Muscle of Growing 
Fish 

_ 
Fish species 	 Weight 	Histidine 

_    	(g) 	(mg%)  

	

Yellowtail 10) 750 	927 
,Seriola quinqueradiata 	 1020 	1035 

._ 	• 
• 

Mackerel" ) 	 110 	42-8 	- 
,Scomber japonicus 	 450 	704 

	

110 	802 

Horse mackerel") 	 260 	164 ' 
Truchurus japonicus 	 40 	302 

	

4 	368 

- 

	

Mackere124)50 	656.1 
Scomber japonicus 	 650 	914.9 

. 
Carp26) 	 e,:. 	. 	-(-t) 
• Cyprinus carpi° 	 0.3 	23.0 

	

5.6 	318.4 

	

52.5 	165.5 

	

870 	126.6 
- 

Fertilized eggs, (:L) 'Trace 



Table 6. Changes in Free Amino A91.(1_ Composition in the 
Muscle of Growing Çarp 2°.)  

Fertilized 	Fry 	oung fish-I i7-(oi..ing fish-II Grown fi?h 
Amino acids 	eggs 	( 0 .3gY 	(3.6ae 	(52. 	) 	(8?0e' 

(.,...)e 
. 	. 	(mg) 	(mg%) 	(mg) 	(mg%) 	(mg) 

Aspartic 	acid 	(±) 	0,1 	1.3 	1.9 	1.7 
Threohine. 	0.1 	(i) 	23.1 	15.1 	16.3 
Serine- 	 1.4 4 

	

,. 	6.8 	• 	16.6 	6.4 
Glutamic acid 	0.7 	2.4 	11.4 	10.9 	4.5 
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 	4.5 	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 	4.6 	 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* 	(t) 	(±-) 	(.--) 	(±) 
Lysine 	 0.2 	21.9 	43.3 	35. 8 	75.7 
Histidine 	(4 	230 	313.4 	105.5 	126.6 
Arginine 	33. 0 	16.2 	13.6 	

: , 

	

o .é 	17.3 

• Total 	 46,7 	91.4 	537.9 	.432.6 	381,.0 

e Average weight; (±) Trace 



Table 7. Free Histidine Concentratibn in the Tissue of  
Sockeye Salmon in Miration for Spawning32)  

. 	Tissue 	Sex 	LummI- Tsland 	Lillooet 	Forfar Creek 
64 Kme-- 	 400 Kme 	1150.Km.e' 

- 
(me2,- ) Grier 	(mg%i 

Heart 6 	81.0 111.5 	87.3 19.6 	81.8±38.8 
• 	S. 	83.2 1 15.2 	91.0 18.9 	79.9 1 	5.9 

Alimentary 	;anal 	S 	138.41 13.3 	48,1 1 12. 2 	30.3 110.7 
S 	174.639.2 	40.0 -1 	7.0 	20.3;t. 3.3 

Spleen 	 S 	24.4± 3.7 	24.4' 6.7 	27.0± 	5.9 
30.0± 	5.9 	27.0± 4.8 	20.0± 	5.9 

Liver 	 -.- o 	21.1 	3.0 	20.71 1.8 	16.31 3.0 
.4. 
o 	23 , 3 1 	3.7 	12.2 1  0.4 	16.6 1  0.7 

Kidney 	 IS 	37,0 1  1.5 	47.41  5.5 	46.61 3.0 
t 	51.4± 	6.7 	47.0' 	3.3 	50.72:10.4 

Blood 	 S 	 -- 	12.6 1  1.5 	12.91 	5.5 , 
o 	 -- 	15.5± 	5.2 	9.21 	0.7 

Reproductive 	 19.6 1  2.6 	15.2 1  2.2 	. 7' 3.3 
organ 	 6 	6.7 1  2.6 	5.2 1 1.1 	3.7± 	0.7 

Muscle 	 S 	40.01 4.8 	7.8± 0.7 	4.8f 0.4 
6 	55.9 1 	3.0 	10.0 ..1: 1.5 	11.51 	0.4 

Head -Skin- 	e 	22.6.-t 	1.1 	12.9± 1.1 	9.2± 	0,7 	- 
Bone-Tail 	S 	22.9'  3.0 	10.7 1  3.0. 	.9.2 1  0.7 

Distance from the mcuth oç she river 



lable 8. Free Histidine Content in the Tissue of Sockeye 
Salmon in Migration, for gpawning32)  

-------ie--- 	Sex 	Lummi- Island Lillooet 	Forfar Creek. - 

	

64 1Km 4' 	400  Km e 	nço  Kme 
(mg/ifissue) Trne-TrrissueT 	(rnerissue) 

fleart 	 6 	4.9 	 5.1 	 4.7 

	

4.2 	 4. 	3.7 
Alimentary.canal 	6 	125.2 	14.5 	 5. 0 

6 	136.8 	10.5 	2.6 
."-oléen 	 0.7 	 0.5 	 1.0 4- 0 

	
0 .6 	 0.4 	 0.4 

Liver 	 6 	- 	 • 	6.7 	 5.3 	 6.1 
6 	 9.4 	 5.4 	 6.7 

Kidney 	 9.6 	- 	11.0 	13.1 

	

11.1 	 9.4 	10.0 
Reproductive 	organ 	5 	' 	11.1 	12.4 	 .5.7 

	

5.3 	. 7.1 	11.0 
liuscle 	 t) 	- 	 584.6 	. 	99.9 	62.9 

6 	747.4 	114.7 	107.3 
lead-Skin-Bone-Tail 	3 	. 	199.1 	112.4 	97.2 1-. o 	179.8 	81.8 	7 6 .7 

• 
rotai 	 941.9 	• 261.1 	. 	195.7 

0 
	

1094.6 	233.8 	218.4 

Distance from the mouth • of the river 



• Table 9. Metabolic Activity of Histidine in the Tissue of 
Various Fish 

Fish species 	 Weight 	Tissue 	11-iole tissue Metabolic 
(g) 	 weight 	activity 

(g) 	(,umole/hr/g) 
. 	 1 	Liver 	1 	3.2 	15.2 

'ackerel 	 Kidney 	 1.0 	9.6 . 	- 
Scomber japonicus 	1 350 	Dark meat 	14.1 	0.6 	. 

I 	Ordinary' 	' 	170 
1 	 meat 	170 	 0.1 

• __________4_

1 	
- 	 _, 	 - --- 	-- 
Liver 	• 	14.5 	11.0 • 

1 Yellowtail 	 Kidney 	 4.8 	2.7 
Seriola quinqueradiatal 800 	Dark meat 	• 	488 	0.8 

i 	Ordinary 1 
i 	 meat 	 315 	 0 
f 

I 	Liver 	 9 ! 5 . 	 14.2 
Grey Rock cod 	 I 	Kidney 	 2.7* 	0 

Sebastes inermis 	1 290 	'ilsele 	180 	 0 
- 	 I Liver 	 5-5 	5.3 1 Flathead sole 	 1 	• 	Kidney 	. 	0.7 	0 

hippoglossoides chlbius' 300 	Muscle 	105 	• 	0 
1 , 	 .  

I 	Liver 	 8.5 	16.7 
Carp 	- 	• 	I 	Kidney 	 1.6 	. 	3.3 

Cyprinus Carpio 	1 240 
Ordinary 

[ 	

Dark meat 	-- 	-- 

• meat 	 -- 	
. 	

0 

The values are based . on an average of five fish. 



Table 10. Occurrence of Metabolic Activity of Histidie 
. in the Muscles and Livers of Various Fish3 8 ) 

Fish speciese- 	 Muscle 	Liver 	. 
........_ 	 (Ordinary  mea-t) 

 Mackerel 
Scomber japonicus 	 f 	 t 

Sardine 
• Sardinops melanosticta 	+ 	 t 

Tuna 
Thynnus thynnus 	 - 	 t 

Skip jack 
Auxis thazard 	 - 	 + 

Yellowtail 
Serio]a. quinqueradiata 	-- 	 + 

Horse mackerel 
Trachurus 	japonicus 	 - 	 + 

Carp 
Cyprinus carpio 	 .._. 	 4 

Surf perch 
Ditrema temmincki 	 - 	 + 

• Flathead fish 	 . 
• Hippoglossoides dubius 	 + 

Gray Rock cod 
Sebastes inermis 	 - 	 t 

Sea bass 
.Lateolabrax japonicus 	- 	 + 

Red sea bream 	 . 
Chrysophrys major 	 - 	- 	t .  

Spotted shark. - 
Mustelus manazo 	 - 	 + 

Red-meat fish; + Activity deteCted; - Activity not detected 



Table 11. Chemical Quantitative Activity of Histidine 

Amount of 	Amount of 	Amount of 
Reaction time 	histidine 	urocanic acid 	ammonia 

.(hr) 	dissociation 	formation 	formation 
ç,umol) 	(umol) 	(jzmol)  

« 	1.5 	 0.6 	 06 	 -- 
3 	 1.3 	 1.3 	 1.6 
5 	 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 Preéipitation Samle and Crude 
Enzyme Sample) 

Amount of urocanic acid 
Tissue 	Sample 	ProteirLpH 	dissociation 	(11.wmol) 	 
	 amount   1 hr 	2 hr -- 	3 hr  

	

7.3 	-- 	0 	0 Dialysis 	7.6 	- Mackerel • 	- 	 9. 2 	-- 	0 	0 
Muscle 	 7.3 	__ 	o 	 o Precipitation 	9.5 Liver 	- 	 9.2 	-- 	0 	0 

	

7.3 	28 	59 	. 117 Crude enzyme 	9.5  

- 

	

7.3 	-- 	o 	. 0 
Dialysis 	 7.5 Carp 	 9.2 	-- 	0 	0 

Muscle 	 7.3 	-- 	0 	0 ' Precipitation 	- 9.0 	9.2 	 0 	0 
Liver -  

Crude enzyme 	9.1  



Table 13. Formation of Metabolic Substances from 
C-HiE, tidine(U)  in the'Extractive/from the 

Liver of•Carp14 °) 	 Superhate 

Réaction  time 	 0 minute 	25 minutes 	120 minutes 

• 	. 	 (--c.Pm) 	(5, 	(cPm) 	(%) e 	(cPm) 	(e)I'-  
-J.istidine 	 15550 	97.5 	8240 	51.6 	3830 	24.0 
J-rocahic acid .  . 	 0 	0 	560 	3.5 	3170 	19.9 
, ormi.mino.p:lutac acid 	0 	0 	1 -580 	9.9 	6440 	40.4 
Glutaric acid 	 0 	0 	510 	3.2 	1780 	11.2 

Total 	 15550 	97.5 	10890 	78.2 	lc.,220 	95.5 

--., 

 

(c5)-:  (cm of each compound/total cpm)x100 

Table 14. Formation of Metabolic Substances from 
1£1"C-Histidine(U) in the Extr a ctive Sufpethate 
from the Liver of Mackere1° )  

Reactitn time 	 0 minute 	.25 minutes 	120 minutes 

, 	  

	

(c16m) 	.(,c) 	(cpm) 	(%) 	(cp.) 	(%ie 
Histidine 	 17960 	97.9 	9810 	52.9 	5650 	46.7 

Urocanic acid 	 0 	0 	2950 	15.9 	8320 	44.9 
Formiminoglutamit acid 	0 	0 * 	170 	- 0.9 	20 	0.1 
GlUtamic acid 	 0 	0 	 0 	0 	 0 	0 

Total 	 179.60 	97.9 	12930 	693 	16990 	9.1.7 

	

- 	 . 
(cpm of each compound/total cpm)À100 



Table 15. Effect of Various Chemieal Substances on the 
Activity,of Histidine Dfflinase Obtained from 
the Muscle of Mackerel b) / 

Chemical substance 	Concentration 	Activity ratio 
M ) 	 ___(%) 

. 	. 
-- 	 100 

. c e-F -- 	3 1 g 10:4 	 86 

Zn'" 	 1 x 10 	 100 
Cd -F.i. 	 1 	x 10 -3 	 1 

-4 
Co ' 	 1 x 10 ._

4 	
89 

9 	10' 	 72 , 
EDTA -3  1 X 10 , 	 100 
Cysteine 	 1 	x 10- . 	 66 

Cysteine 1 x10 5 	 100 
GSH 	

. 	1 x 10-3 	 94 	. 
.4 

GSH 	 1 	x  10  
Thioglycol 	. 	1 	x 10- -) 	 90 
iodacetenid 	 1 x 10  -4 
I odacetamid 	 1 	X 10' 4 	 95 . 
pCMB 	 1 X 10- 	 13 
pClititCysteine 	 110-4-1.1)410 -3 	 66 

Table 16. GSH Effect on the Activity of Histidine Deaminase . 
Obtained from Bacteria Pseudomonas FluprescenS 
And the Liver and Muscle of Mackere173) 

-F,-  rseu.domorasfluorescens 	fackereI Liver 	Mackerel  Muscle  
GSH 	Activity 	GSH 	Activity , 	- GSH 	Activity 
-(M) 	ratio() . 	(M) 	ratio(%) 	. 	(M) 	ratio(5)  

100 	. 	 --, 	100 	--, 	100 . 	--5- 

	

1.0x10-
4 	

186 	2.3x10- .) 	128 	1.(»(10 - 	100 

	

2.0x10- 	 -4 	 -4 - 
, 	 557 	2.3x10 	, 	. 	223 	1,0x10 	, 	96 

	

1.1x10-3 	915 	2.3/10-) 	226 	1.0x10 - 2, 	90 

	

2.610-3 	2500 5.0X10- 	77 

a ■ 	• 



Table 17. EDTA Effect on the Activity of Histidine 
Deaminase Obtained from .3a..cteria Pseudomonas 
Fluorescens and -the Liver and Muscle of rr.ackere1 7 3) 

FDTA 	 Relative  activity (%  
(M) Pseudomonas 	'Uackerel 	Mackerel 	1 

. 	 .fluorescens 	liver 	 muscle 
--' 	A. 	 100 	 100 	 100 

. 

1.0 	10 	:. 	 79 	 -- 	 -- 

1.6 	x 1.(rd- 	 -- 	 53 	 . 	 97 .  -4 
5.- 0 	g 10 	 49 	 -- 	 -- 

- .3 1.0 X 10 - 	 -- 	 49 	 100 -.) 
1.6 	g 10  
2.5 	X 	10 - .2 	 -- 	. 	__ 	 97 

Table 18. Km Values of Histidine Deaminase Obtained from 
Bacteria Pseudomonas Flporescens and the Liver 
and Muscle of Mackere1 73)  

Origin 	 Km (M) in presence 
of GSH 	• 

. 6x 10-3  • 
2.5 x 10-4  
6.3 x 10-5  

; 1 .0 x lo -3m 

------- 
.Km (M) in absence 
	of OSh 

2.7 	10-  
7.8  x10-  
3.3  

Pseudomonas 
fluorescens 

1 Mackerel liver . 
rackerel Muscle 

Table 19 	Molecular Weight of Histidine Deaminase Obtained 
from Bacteria Pseudomonas Fluovescens and the 
Liver and Muscle of Mackere173) 

- 
. 	Origin 	 Wolecular Weight 

Pseudomonas fluerescens 	• 	193,000 
Mackerel 	liver 	 198,000 
!v!ackerel 	muscle 	 208,000 
- 	 . 



Table 20. Optimum pH, Km Value and Molecular Weight of 
Histidine Deaminase Obtained from yaiçious 
Bacteri a. and the livers of  Animais 91 

Origin 	 Optimum pH 	Km (M) 	Molecular 
weight 

BacilluS subtilis 	8.5^-9.1 	2.8 x 10- :2 	220,000 
Pseudomonas aeruginosa 	-- 	 2 x  10  
•Pseuddmonas fluorescens 	8.8 	2.3 K 10 -?, 	218,000 
Toad'liver 	 9. 1 	3.6 x 10 - -, 	204,000 
Rat liver 	 8.8 -, 9.2 	2.8 x 10'%' 	226,000 
Cat liver 	 8.5--9.0 	1.2 x 	10- 	--- 
Human liver 	 9.1 	. 2.1 x 10 - -) 	243,000 

Table 21. Comrosition and Histi.dine Content in Each Feed" )  

Feed 	 Vitamin - 	Casein 	Po'-;ato 	Histidine 
Salts- 	 starch 	content 
mixture 	(%) 	(%) 	(%) 

(%) 

A 	High protein feed 	15 	80 	. 5 	 2.5 
B 	Low protein feed 	15 	.5 	80 	 0.1 
Ce Histidine-added-feed 	15 	5 . 	 80 	 2.8 

ee 2.7% histidine is added to the low protein feed 

Table 22. Effect of Low Protein Feed and Histidine-Added-
Feed on the Activities of Histidine peaminase 
and Urocanase in the Liver of Carp 79)  

Treatment 	 No. 	of Weight Liver- 	qistidine 	lUrocanase 	. 
'fish 	(g) 	weight  heaminase 	(./L In 01. eb.r/g ) 

(g) 	• 	Wmole/hr/g) 

High protein feed 	- 	7 	34.9e, 5.1 1 .70.1 	19.21.9 . 	21.81 6.4 
B Low protein feed 	6 	35.2i, 4 .2 15 i0.Li 	2.01:0.2 	J 	4.82.1 
Histidine-added-feed 	6 	34.5t3.8 2.7.r.0._ 	4.61.0.6 	12.9t4.9 

Histidine deaminase A vs B, P<0.01; A"vs C, P<0.01; B vs C, P<0.01 
Urocanase 	 A vs B, P<0.01; A vs C, P<0.05; B vs C, P<0.05 

•-••` • 	 • 



t .  

Table 23. Activities of Histidine Deaminase and Urocanase 
in the Livers of Rats Tbn Were Given Feeds with 
Varying-  Protein Content"" 

Feed 	 No. of 	Weiht 	Liver 	- 	histidine 	Urocanase 
, 	animals 	(g) 	weight 	deaminase 	(TqAmel/minj 

(g) 	(mizmol/min/ mg protein) 
 	mg protein) , 	 . 

F-eed with 
6% casein 	6 	20.511.8 	1.081:0.16 	N 	1.46/0.24 

Feed with 
18% casein 	10 	84. 1z4.1 	2.71a-.0.17 	2.18-1:0.14 	2.34x0.23 

Feed with 
40% casein 	12 	110.2:t5.1 	3.60x0.14 	4.260.31 	2.880,17 

N: No activity is detected 

Table 24. Effect of Casein Water and Glucose on the Acfiiyity 
of Histidine Deaminase in the Livers .  of Rats° 1)  

Treatment 	 No. 	of 	Liver 	Histidine 
animalF1 	weight 	deaminase 
	 activity 

iunit7F) 
- ontrase 	 6 	2.4710.06 	131.71:26.9 
Casein water (1g) administered 	 5 	2.91 1 0.01 	377.082.4  
Casein water 	(1g)-1- glucose 	(1g) 

administered 	 5 	3.8710.18 	144.3t21.6 
- 

'Glucose (le) administered 

Table 25, Effect of Cesein Water and Histidine Administration 
on the tçtivity of Histidine Deaminase in the Liver 
of Rat81 ) 

' 	Treatment 	 No. 	of 	Liver 	Histidine 
animals 	weight 	deaminase 

activity 
- (Female) 	 (O. 	(unit:70:) 

. Contrast 	 4 	2 	“;t0 :10 	186.3 1- 6.0 
Casein 'iater(1,7) 	arli -nistered 	 4 	1 	-60±0 	'33 	369.3±29.0 
Casein water(50m.)+histidine 	(200mp- ) 
edminitcred 	 h 

	

• 	, 	3.47x-0.13 	320.5.t.27.3 
(Male) 
Contrast 	 3 	3. • 41.0.64 	80.6115.2 
Casein weter(1) 	aiministered 	 3 	3.61/0.20 	212.28.2 
Casein water(50m)±histidine(200mg) 	 . 

	

administered 4 	3.7910.17 	393.5;t85.7 
Histidine(200m) 	only administered 	4 	- 	3.39/0.36 	111.3132.3 

- -- • -- 



«. Histidine deainase D vs E, P'(0,01; 'F<0.0c; 
dJrocanase 	 D vs E,›P.(0.05; 

4. ,  

Table 26. _Effect of Histidine-Added-Feed on the Activities 
of Histidine Deaminase ànd Urocanase in the Liver 
of Rat82 ) 

Feed and period 	1 	•'Average 	MLstidine deamtnase 	Urocanase_ 	 

	

(;aseinHistidine Daysi 	liver 	 .tmol 	Wmol 	olol 10-1 	mol 10-4  
feed 	feed 	. ,fed 	weight 	10'-'-/min 10-1/min 	/min/g) 	min/ 

	

(%) 	(5',; ) 	(cia,Y) 	(g) 	 /g) 	whole 11 	 whole liver 
tissue) 	 tissue) 

	

80 	• 	14 	10.93 (9.17 - 12.23) 	5,7 	10,4 	.62 	12 	5.8t012 	63 '12 

	

12 	4 	5 	12,61 (12.21-13,00) 1.53;=0.02 	19.30,4 	3.6 -10,1 	46 ±. 2 

	

12 	4 	14 	13.03 (10.47--16.08) 0.891:0,04 	12 	1-1 	3.3 1-0.2 	43 	1:1 

	

12 	 5 	9,97 (8.43-4209) 	2.5 ±0.1 	25.010.9 	4.02-0.2 	39.0±0,8 

	

12 	 14 	11.17 (10.28-12.05) 1.74 1 0.07 	19.410.9 	2.9/0.1 	32 :Zl 

Table 27. Effect of Non-Feeding on the Activities of 
Histidine,Deaminase and Urocanase in the Liver 
of Carp 79)  

Liver 	.fi --stidine deaminare 	Urocanase 	 
wei 	Teol/hr Çaol/hr/ Camol/hr 	4mol/hr/ rish 	 p_-ht 	nl 	m _ 	.,. 	. 

I 	

Treatment 	I,'o. 	WeiFfit 

(g)' 	/g)e' 	ahole liver ,/g) (g) 	
- 

tissue)" 	
whole liver 
tissue )''''' 

D High protein 	 ' 
feed 	 6 	37,20,6 	1.81 0,1 	20.1u:2.1 	36.2 1.6.0 	21.5 1.1.7 	38.7 1 5.2 

E Non-feeding 	6 	36.9.4,7 	1,310.1 	27.82:4.1 	36.1 1 8.2 	24.412.4 	31.7x5.6 

• 



Histidine  deamina.se 	
1 	

Urocanase. 
(humol 10- 1  (jzmol 10 -1/ / amol 16:71/ (umol 10 -1/ 
/min/g) 	min/whole 	min/g) 	min/wh o l e 

liver tisPue, 	liver tissue)  

	

1.0 1'0.1 	8 .1 1 	2:3x-0.2 	18.2±0.4 

	

1.6±-0.1 	8.8±0.6 	. 2.6x0.1 	14,2x-0.8 

	

1.9x0.1 	10.21.0.6 	3.6'1 0.1 	18.7±0.9 

Feed with 18% casein 
Non-feeding 24 hrs 
'ionfeeding  48 hrs 

Treatment 

."1  

Table 28. Effect of Non-Feeding on the Activities of 
Histidine Deampnase and'Urocanase in the 
Liver of.Rat82 ) 

Table 29. Effect of Low Protein Feed and Non-Feedine on 
Free . Lysine and Histidine Content in the Muscle 
of Carp . 	 • 

/.• 

Treatment [Lysine• 
	 ! (meg) 

High protein feed administered ! 111.2 
Low protein feed administered ! 	1.3 
Non-feeding 	 i 29.3 

histidine 

156.1 
139.9 
152,0 
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