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ABSTRACT

Chromatographic anci spectrophotometric methods were used to

identify the integumentaì purines and pteridines in parr of rainbow

trout and brook trout. In rainbow trout, quantitative changes in purine

and pteridine levels were determined after the administration of TSH

and ACTH, that could be expected to induce purine and pteridine synthesis

respectively. The incorporatjon of l4C-gly.ine into skin purines and

pteridines was also followed.

Rainbow trout skin contained guanine, hypoxanthine, GMP, iso-

xanthopterin (iXP), biopterin, 2-amino- -hydroxypteridine (AHP), ich-

thyopterin, and trace amounts of aden'ine. Brook trout skin contained

guanine, hypoxanthine, IXP, AHP-6-C001-i, and trace amounts of adenine,

GMP, ichthyopterin, and xanthopterin.

In rainbow trout, the purìnes and pteridines in order of abundance

were guanine > hypoxanthine > IXP > biopterin, AHP, GMP > ichthyopterin.

Guanine was three to four times more concentrated than hypoxanthine and

six to eight times more concentrated than IXP. Isoxanthopterin Was

twice as concentrated as biopterin and four to five times more concentrat-

ed than ichthyopterin. Total purine levels were four to seven times

higher than total pteridine levels.

In rainbow trout, TSH significantly increased skin guanine and

hypoxanthine but did not affect pterid'ine levels. Adrenocorticotropìn

almost doubled pteridine levels but did not influence purine levels.



The I abel I ed precurcot, 14c-g1yc'ine 
' lvas read j'ly i ncorporated i nto

skin purines and pteridines. In TSH-treated fish, the incorporation of

the isotope into purines was accelerated. In ACTH-treated fish, incor-

poration of the isotope into pteridines was accelerated.

From a consideration of the specific activ'ities and levels of the

va¡ious purines and pteridines under different treatments, it appeared

unlikeiy that skin GMP lvas an intermediate in the de nouo synthesis of

guani ne.

Despite the possibility of a link in the b'iosynthetic pathways of

purines and pteridines, there was no clear evidence of a reciprocal re-

lationship ìn purine and pteridine biosyntheses.
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INTRODUCT ION

Purines and pteridines are among the principaì pigments in the

skin of amphibians and fishes (Bagnara, 1966). Studies with amphi-

bians (Bagnara, 1961; Stackhouse, 1966) have shown that when the

synthesis of pteridines is favoured thefe is a decrease in purine

synthes'is and when purine synthesis is favoured there 'is reduction

i n pteri di ne I evel s . S'ince pteri d'i nes are probab'ly synthesi zed

from a purine precursor, these studies have been interpreted

(Bagnara, 1966) as suggesting that in organisms actively synthe-

sizing both groups of pigments a reciprocal relationship in their

syntheses will exist due to some sort, of competition for common

precursors.

Purine and pteridine metabolic pathways in fish are poorly

understood but observations indicate that they too may be closely

linked and interdependent. For example, in certain anadromous

salmonids a pronounced silvering of the integument occurs at the

time of parr to smojt transformation. It is genera'lly heid that

the silvering is due to free purines (Markert and Vanstone,1966;

Johnston and Eales, 1967; Ea1es, 1969; Denton, 7971)" The source

of these free purines remains unknown (Svard, 1958; Keilin, 1959;

Barington, 1961), but interestingly enough, certain UV-fluorescing

compounds (presumably pteridines) present in the skin of parr are

cons'iderab'ly decreased in quantity or even absent from the skin of

smolts (Markert and Vanstone, L966). Also, in fish (CireLLa nigricans)
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held on a dark background there was an'increase in melanin formation

and a decrease in purine content (Sumner" 1944). It now appears

that melanogenesis is accompanìed by an increase in pteridine levels

(Matsumoto,1965a).

The present study was an attempt to invest'igate the relationshìp

of purine and pteridine deposition in the skin of a fish. It was

necessary first to establish the identities of the principal purines

and pteridines since little information is available on the occur-

rence of both groups of compounds 'in any gìven species. Quantit-

ative changes 'in these compounds under conditions favouring purine

and pterid'ine synihesis were next determìned. The 'incorporation of

a labelìecl precursor 1l4c-gty.ine) was also followed'in the hope

that some 'insight jnto the b'iosynthetic pathways m'ight be gained.

Rainbow trout, SaLmo gaíndneri Rjchardson, were used as the

test animal because they were readi'ly available and because they

become silvery, presumably on account of purine deposition, at

smoltification. It was noted during the study that rainbow trout

parr contained a number of pteridines that were absent from fry of

coho salmon, 2nchorgncVtus kisutch, the on'ly salmonjd whose pieridines

have been reported (Lee et aL.,1969). Brook trout" saLueLinus

fontirm.Lis I\4'itchí1'l , were readi'ly available, thus for purposes of

comparìson, some of the parr were examined.

Hormones were used to stimulate e'ither purìne or pteridine syn-

thesis. Thyroid stimulating hormone (TSH) was chosen for inducing



purine deposition because this hormone ìs known to induce silvering

in rainbow trout (P,,obertson, 
.l949) 

and it was used successfully in

this laboratory (Chua and Eales, 1971) to induce purìne deposit'ion

'in brook trout. Adrenocorticotropin (ACTH) was used for ìnducing

pteri d'ine synthes'is because i t has been reported (Matsumoto , I 965a )

to induce pteridine synthesis in goldfish.



LITERATURE RETI EI^J

Purines in the skin of fish

Ehrenberg in 1833 and l,{ittich in 1854 were among the first

naturalists who observed platelets or crysta'ls on the scales and in

the underlying'layer of skin of fish and considered them responsible

for the silvery iridescent appearance of these structures (Keiljn,

1959). Barreswil (fe0t) recognized the silvery material to be com-

posed of guanìne (Fig. 1). The occurrence of this purine in the

skin of several specìes of fish has been reported by many investi-

gators (Millot,7923; Peschen, 1939; Sumner,1944; Hitchings and

Falco, !944; Robertson, 1948; Neckel, 1954; Nicol, 1963; Nicol and

l/an Baalen, 1968; Denton , l97I).

Zieg'ler-Gunder (1956) identjfied not only guanine but also the

c'lose'ly rel ated compouncl hypoxanth'ine (ni g. 1) 'in the ski n of the

European chub (SquaLius cep?nLus) and the bl eak (ALburnus Lucidus).

Greenstein (1966) reported that crystals from the skjn of herring

(CLupea Lnnengas) were composed of both guanine and hypoxanthine.

The ratio of guanine to hypoxanth'ine seemed to vary with the form

of the crystaìs, broad plate-'like crystals containing relatively

more hypoxanthine than needle-like crysta'ls. Johnston and Eales

(7967) reported that the siivery skin and scales of Atlantic sal-

mon pam and smolt contained guanine and lesser amounts of hypo-

xanthine. Eales (1969) found guanine and lesser quantities of
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hypoxanthine in the si'lvery layers of the skin of channel catfìsh

(fctalurus punctatrzs), burbot (rotu Lota), brook stickleback (CuLaea

tnconstans), pi ke (Usoæ Luci,us), Wal leye (stizostedion uitz'eum),

sauger (^9. cannd.ense), goldfish (Carassíus auratus) , brook trout (SaL-

ueLínus fontirnLì;,s) , and trout perch (eercopsi.s omiscomaycus) .

In addition to these purines Small amounts of other purine com-

pounds have been encountered jn the skin of fishes. Markert and

Vanstone (igOO) reported a UV-absorb'ing compound, probably guanylic

ac.id (GMP), in the bel]y skjn of paff and smolt of coho salmon;

Hayash'i and Saìto (1968) found inos'inìc acid (IMP) 'in the derm'is of

carp, rainbow trout and chum salmon; Matty and Sheltawy (1967) re-

ported itvlP and GMP jn the skin of rainbow trout; Njcol and Van

Baal en (1968) found uri c acid i n the s ki n of cutl assf i sh (rrichíut'us

Leptur.us). Nevertheless, studies of several freshwater (Eales, 1969)

and marine (Nico1 and Van Baalen,1968) species indicate that guanine

and hypoxanthine are the principa'l purines in the sk'in of most fish.

Pterìdines in the skin of fìsh

The earliest reports of the occurrence of pteridines jn fish

are those of Fontajne and Busnel (1939) and Goodrich et aL. (1941).

Fontaine and Busnel found blue and vjolet fluorescent substances,

which they believed to be pteridjnes, in the skin extracts from

twenty-seven species of fish including two cyprinids, the carp

(CypTinus caz,pí,o) and goldfish (Caz,assius au.z.atus). Goodrich and



his colleagues reported one pteridine, which they suspected to be

erythropterino in the skin of several species of freshwater tropica'l

species including two cyprinodonts, the swordtail (Xíphophoz'us

heLLez,i) and platyfi sh (eLatypoeciLus macuLatus). Much of the

attention of laterinvestigators has been directed to the identifica-

t'ion of the various pteridines in certain of the cyprin'ids and cy-

prinodonts, especia11y members of the fami'lies Cyprinidae, Cyprino-

dontidae and Poecilidae. The chem'ical structures and trivial names

of some of the pteridines found'in the skin of these fishes âì"ê suffi=

marized in Table I"

In the cyprinids the amounts of v'iolet fluorescent pterid'ines

are especia'l1y 
-large and the quant'it'ies of blue fluorescent pteridines

are rather small [Hama and Fukuda, L964). 0f the violet f]uorescent

pteridìnes in carp (C. canpdo) and goldfish (C. auz'atus) ichthyopterino

.isoxanthopterin (iXP) and isoxanthopterin-6-carboxylic acid [IXP-6-

C00H) have been identified (Mori et aL., 1960). At least two other

violet fluorescent pteridines of unknown structure are present and

these have been named Cyprino-purple Cl and C2 [Morj et aL', 1960)'

Hama t1963) and Matsumoto (1965a) have reported that in these two

specìes durìng the early larval stages a blue fluorescent pteridine'

biopte¡in, is the first to be detected. in the later stages the

ptepidines appear in the sequence ichthyopterin, sepiapterin, Cyprino-

purple C (Cl and C2), Hynobius blue, IXP and IXP-6-C00H. In the skin

of adults, however, biopterin, Cyprino-purple C and Hynobius blue are

no longer encountered.



TABLE I.

Compound

2-Ami no-4-hydroxYPteridì ne -H
(AHP )

2-Amino-4-hydroxy-6-carþoxy- -C00H
pterídi ne (AHP-6-C001-l )

ical structures of some of

Xanthopteri n

Isoxanthopterin (IXP)

Bi opteri n

Ichthyopteri n

Hynobi us-bl ue

Ranachrome 3

Cypri no-purp'le C

Sepi apteri n

I sosep'iapteri n

Dros opterì n

P teri di ne

L.
o

structure* with substituents at

teridines re

-0H

.H

c7 cz-Na

bond

* Pteridine structure:

rted in fish skin.

-H

-CHOH. OHOH. cH3

-cH0H. cH0ll. cH3

unknown

-0H. cH3

unknown

-c0. CHOH. cH3

-c0. cH2. cH3

unknown

-lt

doubl e

ll

tl

tl

¡l

-H

-0H

NB

U-tt

-0H

nil

tl

t¡

tl

Synonym

U
-t I

u
-l l^

¿
U-rr2

Pteri n

6-Carboxypteri di ne
Ranachrome 5

OH

N/8\c/H\,l' ú 7l
HzN c( flr'-.fi,,1-

ll

single

Ranachrome 4
Cyprino-purple A1

Ranachrome 1

Cyprino-purple AZ
7-Hydroxyb'iopteri n

ll

-H

-H

Rhacophoro-j aune



In two other cyprinids, a kjnd of rudd (fribolodon Lnkstensts)

anci the loach (tLisgurras anguiLLieaudatus) , a very simjlar pattern

of pterid'ine appearance occurs. In these two species' however,

biopterin and Cyprino-purpìe C continue to occur in adult skin

(Hama, 1963; Hama and Fukuda, !964; Matsumoto, 1965a).

Cyprinodonts appear to have mainly blue fluorescent pteridines

(Hama and Fukuda, 1964). The pteridines found in the larval stages

of the Japanese medaka (Oryzias Latipes) and swordtail (X. heLlez'i)

are biopterin, 2-amino-4-hydroxypteridjne (AHP), 2-amino-4-hydroxy-

pteridjne-6-carboxylic acid (AHP-6-C00H), sepiapterin, IXP' Hyno-

bius blue and drosopterins. In the skin of adults, sepiapterin,

Hynobius blue and drosopterins disappear and Ranachrome-3, a blue

fluorescent pteridine, appears (Hama, 1963; Matsumoto, 1965a).

The identification of pteridines in other species is less

comp'lete. The dorsal skin of eel s (AnguiLLa anguilla) contains a

number of pteridines includ'ing biopterin, ichthyopterin, IXP-6-C00H'

and Ranachrome-5 (AHP-6-C00H) (Fontaine et aL., 1963). The skin

of adults of five species of CreníLabrus contains Xanthopterin as

the main pteridine (Ziegler,1963). The beily skin of fry of coho

salmon (0. kisutch) contains ichthyopterin, AHP-6-C00H, and

7,8-dihydroxanthopterin (Lee et aL., 1969).

Biosynthesis of purines

Nucleic acids in the diet are digested and their constituent
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purines absorbed, but most of the tissue purines are derived from

synthetic or endogenous sources rather than from preformed exogenous

sources of the diet (Ganong, 1971; Harper, 1971). Stud'ies on the

biosynthesis of purines from simp'le precursors in bacteria, yeasts,

birds and mammals suggest a common pathway involving the formation

of purine nucleotides (purine base + sugar + phosphate group)

followed by the liberation of the free base (Moat and Friedman,1960;

White et aL., 1968; Hartman, 1970; Harper, I97I). There is no

evidence that free purines are synthesized in the tissues (IlJest et aL.,

7966; Harper, 1971).

A possib'le pathway for the biosynthes'is of purines is shown in

Fig. 2. The initial steps involve the formation of glycinamide ribo-

tide, a nucleotide structure with glycine. Glycine is utilized jn

the intact form and contributes C-4, C-5, and N-7 of the evolving

purine structure. Transformyìation (step 4) folIowed by amid'ization

(step 5) and ring closure (step 6) resu'lt in the formation of an

imidazole ring. This imidazole progresses (step 7) to 5-amino-4-

imidazole-N-succinyl carboxamide ribotide from which fumaric acid is

sp'lit off (step B) to give 5-amino-4-imidazole carboxamide ribotide.

This latter compound is formylated (step 9) and ring ciosure (step 10)

results in inosinic acid (Buchanan et aL., 1957; Greenberg and

Jaenicke, 1957; Buchanan and Hartman, 1959; Hartman and Buchanan, 1959;

Buchanan, 1960) .

The synthetic pathway which has just been outlíned leads to the

production of hypoxanthine in the form of its nucleotide. The
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hypoxanthine nucleotide (IMP) may be transformed by two general

routes to free purines (fig. 2)" The first leads chiefly to the

formation of adenosìne monophosphate (AMP) anci guanosine mono-

phosphate (GMP) which are then utilized for the synthesis of nucleic

acids and ìmportant nucleotides such as ATP, GTP, ADP, the nicot'in-

am'ide nucleotideso flavin-adenine dinucleotide and coenzyme A. These

compounds are eventuaì1y degraded to free bases. Alternatively IMP

may be converted d'irectly to free purine bases. For example, it
appears that many terrestrial animals (most reptiles, bjrds, insects

and land snails) convert excess ammonia (from protein or amino acid

metabolism) to IMP whjch is then degraded to hypoxanthine, xanthine

and uric acid (Gutman, 1965; Baldwin, 1967).

It should be noted that the evidence for the pathway ciescribed

above for the biosynthes'is of free purines via IMP is derived from

varìous experimental preparations, notably avian liver and micro-

organisms, and does not necessarily represent the established pathway

in any one species (Harper, 1971). Qne report (Matty and Sheltawy,

1967) has stated that in rainbow trout "the early stages of guanine

synthesis Were similar to those for mammalian purine biosynthesis.

Neither skin iMP or GMP were intermediates in the guanine and hypoxan-

thine biosynthesis which suggests some differences in the later stages

of the synthetic pathway". Unfortunate'lyu details of the study have

not been published and are not available.
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Biosynthesis of pteridines

Several investigators working w'ith bacteria (McNutt, 1956;

Vjeria and Shaw,1961; Reyno'lds and Brown,1964; Shiota and Palumbo,

1965), insects (Weygand and l,Jaldschmidt, 1955; Weygand et aL., 1959;

Idatt, 1967) and amphibians (Ziegler-Gunder et aL., 1956; Levy, 1964;

Sugiura and Goto, 1968; Fukushima, 1970) have indicated that the

pteridine ring is derived from the purine ring of a guanosine nucleo-

tide. A plausible biosynthetic scheme is shown in FÍ9. 3. The fjrst
step in the pathway involves the elimjnatjon of carbon atom B from a

guanosine nucleotide, probab'ly guanosine triphosphate (Shiota and

Palumbo, 1965; Watt,1967; Fukushima, 1970). The carbon atom B is

liberated as formic acid (Shiota and Palumbo,1965; Burg and Brown,

1968). The other product of the ring-opening reaction is then sup-

posed to undergo rearrangement followed by ring closure to give

dihydroneopterin triphosphate (Burg and Brown, 1968; Fukushima,

1970). This initial pteridine is the precursor of both conjugated

pteridines (those of the folic acid series that contain a p-amino-

benzoy'lglutamine acid residue attached to the pterid'ine ring) and

unconjugated pteridines (all others).

Very little is known about the interrelationships of the

various pteridines. In fruit flies (orosophiLa meLanogaster)'AHP

was probabìy a precursor of IXP (Hubby and Throckmorton, 1960),

sepiapterin was converted to biopterin (fiara, 1961), and 6-

hydroxymethyipteridine and reduced AHP were converted to sepiapterin

and biopterin (Sugiura and Goto, 1968). In goldfish (c. auratus)
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biopterin was converted to IXP through Ranachrome-3 (Hama et aL.,

i960) and Cyprino-purple C to ichthyopterin (Matsumoto, 1965a). in

the skin of tadpoles of the bulì frog (nana catesbiavtn) tfre initial

pterid'ine, dÍhydroneopterin phosphate, was converted to IXP via re-

duced hyciroxymethylpteridine and reduced AHP (Sugiura and Goto, 1968)

and sepiapterin was found to be a precursor of biopterin (Fukushima,

1e7o).

Many of the pteridines found'in insects and amphibians are found

jn fjsh and the various pathways, schematical'ly represented in Fig. 4,

probably represent fundamental steps in pteridine metabolism.

Induction of purine synthesis by hormonal treatment

Crude extracts and purified hormones from pituitary and thyroid

glands have been used to induce silvering and purine deposition in

certain salmonids. Silvering t,'ras induced in parr of Atlantic salmon

;(Landgrebe, 1941) and rainbow trout (Robertson, 1948) by injections

of mammalian thyrojd and pituitary extracts; in brown trout by'injec-

tions of purified mammalian TSH (Smith, 1956); anO in rainbow trout

by prolonged immersion in thyroxine (Matty and Sheltawy, 1967). Pro-

longed immersion in thyroxine also increased skin purine synthesis

and deposition in rainbow trout (Natty and Sheltawy, 1967). Iniec-

tions of mammalian TSH and thyroid powder sign'ificant'ly increased the

levels of dermal purines in brook trout (Ctrua and Eales,1971).

Increased activity of the thyroid g'land occurs in certain sal-
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monids at the time of transformation from par to silvery smolt

(Hoar, 1939; Fontaine, 1948; Robertson, 1948), but the relationship

between thyroìcl actjvity and ìntegumentary purine metaboljsm rema'ins

unclear. Thyroid preparat'ions adminjstered to coho saimon sometimes

ìnduced marked purine deposition and at other times failed to do so

(Hoar et aL., 1951). Injections of TSH induced hyperplasia of the

thyro'id of Atlantìc salmon parr but failed to induce smoltification

(Hoar et aL., 1951). Migrating chum and pink salmon, which become

sìlvery prior to or during migration, have relatively inactive

thyroids (Hoar and Bell, 1950).

Induction of pteridine s.ynthesis by hormonal treatment

Crude extracts and purified hormones from the intermediate lobe

of the pitu'itary gland have been used to induce me'lanogenesis in fish

and amphibians (Bagnara and I'leidleman, 1958; Bagnara , 1964; Lee and

Lee, 1971) and pteridine deposition jn amphibians (Bagnara, 1966;

Stackhouse, 1966). Effects of the hormones (melanophore stimuìating

hormones, MSH) on pterid'ine synthesis jn fish, however, have not been

i nvesti gated.

Adrenocorticotrop'in has been found to 'induce melanogenesis

(Chavin, 1956) and pteridine synthesis (Matsumoto, 1965a) in goidfish.

It appears that ACTH, ljke MSH, acts d'irectly on the chromatophores

since add'ition of ACTH to pieces of caudal fin of go'ldfish in tissue

culture stimulated melanogenesis (Chavin, 1956). The ability of ACTH
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to stimulate chromatophores seems to be due to its partial similarity

to MSH. They have in common the heptapeptide, Met-Gly-His-Phe-Arg-

Thy-Gly (Lee and Lerner, 1959).

Chromatophores, their associated purines an!_ pteridines, and changes

in skin coloration

In amphib'ians, xanthophores , are located immed'iateiy below the

basal lamella of the dermis. Iridophores are found beneath the

xanthophores. Under each iridophore js found a melanophore from

which processes extend upward around the iridophore. Finger-f ike

structures project from these processes and occupy fixecl spaces be-

tween the xanthophores and iriclophores (Bagnara et a.L. ' 1968;

Bagnara and Hadley, 1969). The same type of chromatophore arrangement

is probab'ly found in fishes (Kawaguti, 1965; Matsumoto, 1965b; Kawag-

ut'i ahd Kami shima, 1966) .

in amphibians and fishes, purines and pteridines are not located

within the same chromatophores. Purines occur in iridophores. Pteri-

djnes are found within melanophores, xanthophores and erythrophores

(Hama, 1963; Hama and Fukuda, 1964; Hama et aL.,1965; Matsumoto,

1965a, 1965b; 0bika and Matsumoto, 1968).

Changes in skin colorat'ion may be caused by movements of p'igment

granules within chromatophores. Darkening of the skin may be brought

about by the dispersion and upward movenrent of the melanin from the

body of the melanophore to fill the fingers which obscure the under-
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lying irìdophore wjth its light-ref'lecting purine crystals. A

pa'ling of the skin is accomplished by the movement of the granules

from the fingers (Fingerman, 1965; Bagnara and Hadley, 1969).

The relative state of d'ispersion or aggregation of the pìgments

is also assoc'iated with variations in the amount of pigments within

chromatophores. Prolonged aggregat'ion comelates with a loss of pig-

ment and conversely pro'longed dispersion with an increase in the

quantity of pigment (lnlaring, 1963). It has been suggested that in the

aggregated state, when pigment granules are quite crowded together

fewer synthetic sites are available than in the dispersed state (i^lar-

ing, 1963; Bagnara, 1966).

In hypophysectomized amphibian tadpoles it was observed that the

pigments in iridophores were dispersed and purine synthesis increased

while pigments in melanophores (and probably xanthophores) were aggre-

gated and pteridine synthesjs decreased. When such hypophysectomized

animals were treated with MSH chromatophores reverted to their former

state, pteridine synthes'is was restored to its former level, and purine

synthesis was decreased (Bagnara, 1961, 1966; Stackhouse, 1966). In

order to account for the observed purine-pteridine relationship, Bagnara

(1966) has suggested that in view of the possible close link in the

biosynthetic pathways of purines and pteridines there is some sort of

competition for common precursors. When pigment granu'les 'in iridophores

are aggregated synthetic sites on the granules are less accessible and

precursors common to both purine and pteridine synthesis become avail-

able to the pteridine biosynthetic system of the other chromatophores.
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The result is a decrease'in purìne synthesis and an increase in

pterìdine production. 0n the other hand, when iridophore pìgments

are dìspersecl purine synthesis is favoured at the expense of pteri-

dì ne product'ion.
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MATERIALS AND METHODS

Living material

Qne-year-olci rainbow trout (Salmo gaíz,dneni Richardson) and

brook trout (SaLueliruls fonti,naLis l\itchill) from the Province of

Manitoba Trout Hatchery, West Hawk Lake, Were maintained at the

University in dechlorinated lllinnipeg City water and fed daily

(approx. I.5% of wet body weight) on Ewos Trout Grower (F14i) pel-

I ets (Astra-Ewos , A. B. , Sodertalie, Sweden) .

Identification of purines and pteridines

The fish were killed by a sharp blow to the head, frozen in

liquid nitrogen, and skin from direct'ly below the dorsal fin (Fig. 5)

removed from the sides of the animals (Chua and Eales,197l). The skjn

sect'ions r^,ere extracted with 70% ethanol (0bika, 1963; Stackhouse,

1966) , I0% trichloroacetic acid (TCA) (lMatsumoto, 1965a; Stackhouse,

1966), or 0.5M NH40H (Lee et aL., 1969). For extraction with alcohol,

the skin was ground (mortar and pestle and a lìttle fine sand) in a

volume of alcohol twenty times that of the wet weight of the skin.

The homogenate rn/as heated i n a Water bath at 75eC for 20 minutes and

centrifuged at 2000 g for l5 minutes. The supernatant was mixed w'ith

chloroform three times its volume and centrifuged. The aqueous ìayer,

containing the purines and pteridinese was used for chromatography.
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For extraction with 10% TCA, the skin was ground in a volume of TCA

twenty times that of the wet weìght of the skin. The homogenate was

heated in a water bath at 70o C for 20 minutes and centrifuged. The

supernatant was washed three times with ether at a volume ratio of

1:1. For extraction with 0.5¡1 NH40H, the skin was cut up into smali

pieces, placed in NHOOH so that 1 ml contajned approximately 725 nn?

of skin, and left for L2 hr at room temperature with continual mix'ing

on a Fisher Roto Rack. The extract was centrifuged and the super-

natant used for chromatography.

To prevent photolysis of certain pteridines, extraction and

chromatography were camjed out in a dark room under a photographic

safety lìght (Matsumoto, 1965a; Stackhouse, 1966).

For paper chromatography, a portion of the extract (0.1 to 0.2 ml)

was applìed along a two-inch line on Whatman No. 3 MM chromatography

paper. The sample Was app'lied in 10-ul volumes and was dried between

applications to ensure a narrow strip. Five to i00 ul of 5nw solutions

of adenine, guanine, hypoxanthine, xanthine, adenosine, guanosine,

inosi ne, xanthosi ne, adenosine-sjmonophosphate, guanosi ne-sjmonophos-

phate, inosine-5jmonophosphate, xanthosine-5imonophosphate, pterin

(2-amino-4-hydroxypteridine), pterin-6-carboxy'l ic acid, biopteri n,

xanthopterin, isoxanthopterin (Sigma Chemical Co., Sigma grade),

pterin-7-carboxylic acid and 'leucopterin (Aldrich Chemjcal Co.) were

spotted as standards.

Chromatograms were developed ascendingly or descend'ing1y in

n-propanol-1% ammonìa (Z:t v/v); upper organ'ic 1ayer, z-butanol-acetic

acid-water [4: I:5 vlv/v) ; methanol-concentrated HCI-water (7 :Z:l vlv/v)
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oy 3% ammonium chloride (Matsumoto, 1965a; Stackhouse, 1966; Lee et aL.,

1969). Chromatographic cievelopment was performed in Shandon 500 glass

chromatographic tanks (Consolidated Ltd., tlJeston, 0ntario).

Developed chromatograms were air-dried at room temperature and

scanned under ultrav'iolet radiation at 254 mu and 365 mu (UV chromato-

gram Viewer, Fisher Scientific Co.) for UV-absorbing and -fluorescing

spots. The substances in the spots from the extract were tentatively

identified by comparing (i) the'ir colour of fluorescence or absorbance

and (ii) their relatÍve rates of flow (nr) with those of the standards.

Two-dimensional thin-layer chromatography (flC) was also emp'loyed

in the analysis of the extracts. Two to 10 ul of the extract or stan-

clards were applieci in the form of a sing'le spot to Eastman 6064 cellu-

lose thin-'layer sheets. The material was applied in 0.5-ul vo'lumes,

with drying in between appfications to ensure a smali spot. The chro-

matograms were developed ascendingly at room temperature in TLC glass

jars or in gìass sandwich chambers (Eastman Chromatogram Developing

Apparatus 6071). Development in the first direction vlas with n-propanol

-1% ammonia (2:1) and in the second direction with z-butanol-acetic

acìd-water (4:1:5).

To confirm the identities of the extracted compounds, UV-absorption

spectra of those that were sufficiently concentrated were compared w'ith

the UV-absorpt'ion spectra of authentic compounds. For th'is purpose,

extracts and solutions of authentic compounds were spotted in narrow

streaks and developed twice on the same paper with n-propanol-1% ammonia

(Z:f) by one-dimens'ional ascending rechromatography (Matsumoto, 1965a).

Substances were removed from the filter paper by cutting the paper into
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narrow strips and el ut'i ng descendi ngly wi th g'l ass-cii sti I I ed Water i n

an atmosphere saturated with water vapour (li'latsumoto, 1965a; Stackhouse,

1966). Each eluate Was concentrated and rechromatographed with

n-butanol-acetic ac'id-water (4:1:1) or methanol-concentrated HCI-water

(7:?:7). Each spot, with a reference blank (an area equal in size and

corresponding to the same R, as the spot), was cut from the chromatogram,

eluted in 0.Uy HCI or 0.1Ä/ Na0H and the UV-absorption spectrum between

360 and 220 nu determ'ined with a SP 800 Spectrophotometer (Unjcam

Instruments Ltd. ).

Estimation of skin purine and pteridine concentrat'ions

Sections of skin directly bejow the dorsal fin,1 cm above and

1 cm below the lateral line and 4 cm in length' were removed (Fig. 5).

The sk'in Was weighed, cut up into small pieces, placed into 12-ml

centrifuge tubes contain'ing 5 mì of l0% TCA and left for 12 hr at room

temperature with contìnual mix'ing on a Fisher Roto Rack. The tubes were

centrifuged, the supernatant saved and the tissue extracted a second

time with 5 ml of TCA for 3 hr. The supernatants were combined and

washed three times with equal volumes of ether, the ether layer being

discarded at each Washing. The resulting aqueous extract was trans-

ferred to a graduated cyf inder and the volume recorded"

Aliquots of the extract were app'lied as narrour streaks ãnd devel-

oped twice on the same paper with n-propano'l-1% ammonia (2:i) by

one-dimensional ascendjng rechromatography. Purine compounds were
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eluted in 0.1¡/ HCI and the concentration of the eluate determined by

comparing the extent of absorbance to standard curves [Fig. 6). Pteri-

clines were eluted w'ith glass-distilled water. To each eluate an equal

volume of cjtrjc acid-phosphate buffer, pH 5' was added (Matsumoto,

1965a; Stackhouse, 1966) and its concentration estimated by comparing

fluorescence intensity at 410 mp to standard curves (Fig.7,8 ancl 9).

The degree of fluorescence ttas determined with a Unicam SP 800 Spectro-

photometer equ'ipped with fluorescence attachment.

The concentration of purines and pteridines in the skin was

estimated by substituting the appropriate values in the fo'llowing

equati on:

conc. of
el uate

vol. of vol. of
X eluate X extract

concentration -(ng/cnZ skìn) -
(ms/m]) (ml ) (ml )

vol. of extract ., area of skin
used (mi) n (cm21

Concentrations were expressed as *g7ctt as this form of reference

is not affected by any change in skin thickness which m'ight be the

result of hormonal treatment (Sembrat, i956).

For comparison with values obtained by other investigators, the

concentrations of purines Were expressed as mg/g wet t'iSSue. These

values were read'i1y calculated since the wet weight of the tissue used

was known. In the case of the pteridines, it was necessary to express

the concentrations on the basis of dry weight of tjssue. In order to

do thiS, measured areas of skin adjacent to the port'ion of sk'in that

was used for ana'lysis were removed and the dry weight (mg/ctZ¡ d.t.r-

mjned. This value was used to estimate the dry weight of the skin

analyzed.
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Preliminary work to test the completeness of extraction of purìnes

and pterìdines indicated that extracting twice w'ith 5 ml of I0% TCA was

suffic'ient for removìng the purines and pteridines from the skin, s'ince

extraction for a third t'ime with TCA did not reyeal any more purines or

pteridines. However, at the end of the first experìment (with TSH-

treated fish) the amounts of purines recovered were low when compared

with extraction with 1/ì/ HCl. Further tests showed that if skin already

twice-treated with I0% TCA were further treated with 1¡¡ HCI additional

small amounts of guanine and hypoxanthine could be extracted. In the

later experiments, extraction w'ith 10% TCA was followed by extraction

with 1lt¡ HCl.

It was reasonable to expect that some of the compounds extracted

from the skin would be lost during separat'ion procedures, especia'l'ly

ín view of Matsumoto's findings (1965a) that when pteridines were added

to fish tissue (bojled liver) and recovered by TCA extraction and paper

chromatography, the recovery averaged approximate'ly 70 per cent. To

determíne the extent of loss, solutions with known amounts of purines

(0.t to 1.0 mg) and pteridines (O.O2S to 0.1 mg) were added to boiled

fish liver and the per cent recovery determined. Boiled liver rather

than skin was used as boiled liver conta'ined no detectable (by paper

chromatography) purines or pteridines but boiled skin still contained

guanine and hypoxanthine. The per cent recovery was 91.8 t 1.6 for

guanine, 89.1 t 1.3 for hypoxanthine, 88.8 t 1.3 for GMP,72.4 ! I.5 for

\HP,72.2 ¡ 1.9 for IXP, and 69.3 t 1.6 for biopterin recovered as

AHP-6-C00H (see Appendix III).
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induct'ion of pür'ine and pteridine synthesis

Three experiments were performed with raìnbow trout to determine

changes'in the levels of skin purines and pteridines under conditions

favouring either purine or pteridìne synthesis. In each experiment,

twenty rainbolnl trout, in groups of ten each, were kept in covered 20-

l'itre green polyethylene pa'ils with running water at 12 t lqC. Injec-

tions of hormone (treated group) or of solvent on'ly (control group)

u,rere administered every other day. The preparations were iniected into

the abdominal cavity, through the ventral be11y surface anterior (2 to

3 mm) to the peivic fins,'in vo'lumes that never exceedeC 0"05 ml with

disposable l-ml tuberculin syringes. For each inject'ion the fish were

anaesthetized in a solution of tricaine methanesulfonate (1:20,000 w/v).

The fish were fed daily (Ewos pel1ets, approx. l.5% wet body weight)

throughout the experiments.

To induce purine deposition, 2 mIU bovine TSH/g body wt was adm'in-

istered on alternate days. This dose of TSH was tried for although

minimum levels of TSH effective in inducing purine deposition are not

known, it was known that th'is low level of hormone was capable of stim-

ulating the thyroid of rainbow trout (Hickman, 1962; McNichol, unpublished

data). In one experiment (March l0 to April 1,1971) a total of ll in-

jections of TSH (S'igma Chemical Co.) suspended in solvent (10 ml sol-

ution containing 0.03 g phenol and 0.'l5 g dextrose) was administered.

In another experiment (June 14 to July .l0,1971) a total of l4 iniect-

jons of TSH (Nordic Biochemicals) was administered. Controls received

a correspond'ing vojume (0.04 ml) of solvent at appropriate times.
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For the inductjon of ptericline synthesis, fish were iniected with

ACTH (Nutritional Biochemicals). The dose, 2 IU/injection every other

day for three weeks (June 19 to Ju'ly 6, 1971) , was ba.sed on that used

for incluction of pteridine synthesis in goldf jsh (lvlatsumoto, .l965a).

Controls received 0.05 ml of 0.6% saline (prepared with sterile water)

at appropri ate times (Chav j n , '1956) 
.

Incorporation of laC-glycine jnto skin purines and pteridines

The experiments to fol'low changes in purine and pteridine levels

under dífferent treatments were coupleC v¡ith experìments to follow the

incorporation of a labelled precursor, 1aC-g1ycine, 'into these compounds.

T¡enty-four hours after the last hormone or sham treatment, each fish

was i njected 'intraperitoneal'ly wi th 2.S pCi of laC-glycí ne (Amersham

Radiochem'icals). Six hours later the fish were killed and the skin

analyzed as previously described. Prelimjnary tests had confirmed the

finding of Sheltawy (1967 ) that the radioisotope was extensively incor-

porated into skin purines within two to six hours. These tests also

showed that pteri di nes rapi d'ly 'incorporated the radi oi sotope.

RadioactivÍty measurements were nade with a Packard Tri-carb

Scintillation Spectrometer, Model 3200. Up to 0.4 ml of eluate (with

purine or pterid'ine compound) was added to l0 ml of scintillation fluor,

consisting of naphthalene (60 g), POP (a g), P0P0P (0.2 g), methanol

(100 ml), ethylene g1yco1 (20 ml) and p-dioxane (to make I litre) (Bray,

.|960). 0ptimal counter settings were at a pulse he'ight of l0-1000



34

divjsions and 15% gain (see Appendix IV). Efficiency, as determined with

standard z-hexadecun.-14Ce was 83% (see Appendix V). Quenching was

determined by the external standard method and was found to be negligible.

StatiStical Analysis

Comparisons between control and experimental groups Were made

using Student's ú test (Snedecor, 1956).
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OBSERVATIONS AND RESULTS

Identification of skin purines and plerid'ines

Paper chromatography of rainbow trout skin extracts in four

solvent systems revealed three UV-absorbing and four UV-fluorescing

spots (faOle II). The spots on chromatograms of 0.5ø NHO0H and

70% alcohol extracts were fewer in number and smaller in size than

spots on chromatograms of 70% TCA extracts. Typicaì chromatograms

in one solvent system are shown in F'ig. 10. Absorbance or fluores-

cence of spots on chromatograms of 0.5/ø NH40H and 70% alcohol extracts

were less'intense than corresponding spots on chromatograms of 10% TCA

extracts.

The color of fluorescence or absorbance and R, va'lues (Table II)

indicated that the UV-absorbing substances were guanine, hypoxanthine

and GMP and that three of the UV-fluorescing substances were biopterin'

AHP and IXP. The fourth UV-fluorescing spot had R, values similar to

those reported (Hama et aL.,1960; l4ori et aL.,1960) for ichthyopterin.

Two-dimensional thin-layer chromatography of the extracts revea'led,

in add'ition to the seven substances mentioned above, traces of others

(fig. ll). All extracts (70% a1cohol,0.5tt NH40H and 10% TCA) contained

trace amounts of two substances with R, values comespond'ing to those

for aden'ine and AHP-6-C00H. Traces of two other UV-absorbing substances

whose R, values did not correspond to any of the authentic purine comF

pounds were found in l0% TCA extracts (fig. iI).



TABLE II. Rf values ancl color of fluorescence (f) or absorbance (q) of standard compounds and

substances from the skin of trout.

Method of separation: Ascending

Standard compounds

Adeni ne
Adenos i ne
Hypoxanth'ine
Xanth i ne
AHP

Bi opteri n

Xanthosi ne
Guani ne
Guanos i ne
Uric acid
I soxanthopteri n

AMP

Xanthopteri n
Leucopterì n
AHP.7-COOH
AHP.6-COOH
ÏMP
GMP

XIVIP

R¡fq

paper chromatography in n-propanol-1% ammonia (Z:t)

Ra'inbow trout
7,0% alcohol 0.5¡1 NH,OH 10% TCA
extract extractt extract
RffqRffqRffq

.63

.55
TI

.50

.43

.39

.38
<l

V

V

V

V

b
b

th

.50
/12

.38
{l

.25

25
¿ó

2t
2t
19
1B
tb
I4

V

V

V

V

Color of fluorescence or absorbance indicated by b = blue, v = violet, y = yellow-green.

b

b

v
b

v
b

V

rr

.50

.38

"25

.72 \/

b

.55

.50
A1

.38

.,5¿

.?5

.14

V

Brook trout
10% TCA
extract
Rffq

b

b

ÃÃ

A2

.38

.25

.18

V V

b

V

(,
O)



TABLE II cont'd

Method of separati on: TLC

Standard compounds

Adeni ne .68
inosi ne .67
Hypoxanthi ne .66
Xanthosi ne .59
Guanosine .55
AHP .48
Uric acid .45
Biopterin .45
Guani ne .43
AMP .40
Xanthi ne .39
IMP .36
GMP .34
XMP .33
Isoxanthopteri n "2ILeucopterin ,27
AHP-6-C00H .20
Xanthopterin .18
AHP-7-C00H .16

ln

Rf

z-propanol-1% ammonia

Rai nbow trout
70% alcohol 0.5¡1 NH40H

extract extract'
RffqRJofq

V

V

V

V

V

.68

.66

.48

.45

.43

.34

"29
.2t

Color of fluorescence or absorbance indicated by b = blue, v = violet, y = yel'low-green'

V

V

V

V

V

V

V

V

b

b

V

b
b

v
v

.68

.66

.48

.45

.43
?4,

.29

.¿L

10% TCA
extract
Rff

V

V

V

V

b

b

.68

.66

.48

.45

.43

.34

.29

.2I

Brook trout
10% TCA
extract
Rffq

V

V

D

b

.68

.66
46

.43

.34

"29
.21

"20
.18

V

V

V

b

(¡J
\I



TABLE II cont'd

Method of separation: Ascending

Standard comPounds

Adeni ne .56
Biopteri n .50
Adenosine .41
Hypoxanthi ne .40
AHP .38
Xanthopteri n .37
Xanthine .29
Guani ne .?7
Isoxanthopteri n .27
AHP-6-C00H .22
Inosi ne .22
Guanosi ne "21
Uric acid .18
Xanthosi ne .18
AHP-7-C00H . i7
Leucopterin .13
AMP .06
GMP .04
IMP .03
XMP .02

Rf

paper chromatography in n-butanol-acetic acid-water (4:1:5)

Rainbow trout
7.0% alcohol 0.5M NH40H

extract extract'
RffqRffq

b

v

V

V

.50

.40

.38

.27

V

b

Color of fluorescence or absorbance indicated by b = blue, v = violet, y = yellow-green.

V

V

V

V

b

VV

v
b

.50
Ã^

.38

.¿t

10% TCA
extract
Rffq

V

V

V

V

.50

.40

.38

"27

Brook trout
iO% TCA

extract
Rffq

.50

.40

.27

.22

VV
b

(,
oo



TABLE Ii cont' d

Method of separation: TLC

Standard compounds

Adeni ne .54
B'iopteri n . 52
AHP. .50
Xanthopteri n .46
Hypoxanthine .44
Adenosine .42
Xanthine .32
AHP-6-C00H .31
Isoxanthopteri n .30
Guanine .26
Leucopteri n .26
Inosine .25
Guanine "25AHP-7-C00H .22
Xanthosine .19
Uri c acid .16
GMP .06
AMP .05
IMP .04
XMP .02

in n-butanol-acetic acid-water (4: 1 :5)

b
b

7.0% alcohol
extract
Rffq

V

V

V

Rainbow trout
0. 511 NH¿0H
extract'
Rfrq

.54

.52

.50

.44

.30

.25

.06

b
V

Color of fluorescence or absorbance indicated by b= blue, v= violet, y= yellow-green.

t/

V

V

V

V
\/

V

V

b

b

.54

.52

.50

"44

LO%ICA
extract
Rff

b

b

.30 v .30 v

.25 v .25

.06 v .06

.54

.52

.50

.44

Brook trout
10% TCA
extract
Rffq

b

b

.54

.52

.46
A"A,

.31

.30

.25

.06

V

V

b

V

(,



TABLE II contr d

Method of separation: Descending paper chromatography in methanol-conc. HCI-water (7:2ll)

Standard compounds

Biopterin .55

AHP .45

AMP .45

GMP .42

Adeni ne .34

Hypoxanthi ne .33

AHP.6-COOH ,32

IMP .31

Xanthine .29

XMP .29

Xanthopteri n .29

Isoxanthopteri n .25

Guanine "20

Rf

Ra'inbow trout
70% alcohol 0.5M NH/0H
extract extract-
RffqRffq

b

b

V

V

V

V

.55

.45

.33

.25

.20

Color of fluorescence or absorbance indicated by b = blue, v = violet, y = yellow-green.

b

b

V

V

tah

.45

.33

.25

.20

v
V

10% TCA
extract
Rffq

b

b

.55

.45

.42

.33

.25

"¿v

Brook trout
10% TCA
extract
Rffq

b

b

O



TABLE II cont'd

Method of separation: Ascending paper chromatography in 3% ammonium chloride

Standard compounds

V.0% alcohol
extract

RffqRffq

AHP-7-C00H .55
Adeni ne .54Adenosine .51
Inosi ne .49
Hypoxanthine .48
AHP-6-C00H .46
AHP .44
Xanthopterin .44
Xanthine .42
Guani ne .38
Uric acid .36
AMP .36
Xanthosi ne .35
Isoxanthopteri n .35
IMP .34
Guanosi ne .32
Bi opteri n .31
GMP .25

V

V

V

b
b

v

Rainbow trout
0.5¡1 NH40H 10% TCA
extract' extract
RffqRff

Color of fluorescence or absorbance indicated by b = b1ue, v = violet, y = yellow-green.

V

V

\/

V

V

V

V

.54

.48
a.Ã.

.38

.35

.3i

.25

Brook trout
10% TCA
extract
Rffq

\/

b



TABLE II cont' d

Method of separation: TLC

Standard compounds

AHP-7-C00H .50
AHP-6-C00H .48
Adeni ne .47
Adenosine .47
Inosi ne .45
IMP .45
Hypoxanthi ne .41
AHP .41
Xanthopterin .41
Isoxanthopterin .39
Xanthosi ne .38
Guanine .38
Biopterin "36Guanosine .35
AMP .30
Xanthine .27
GMP .27

in 3% ammonium chloride

Df

70% alcohol
extract
Rf

\/
\/

V

V

V

Rainbow trout
0.5ø NHr0H
extract-

Color of fluorescence or absorbance indicated by b = blue, v = vjolet, y = yel'low-green.

b

v
\/

V

V

b
V

V

V

V

Rf

10% TCA
extract
Rf

"+7

.4r

.38

Brook trout
10% TCA
extract

V

bv
VV
b.35

.zt

Rf

f\)
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Paper chromatography of 10% TCA skin extracts of brook trout

revealed two UV-absorbing and three UV-fluorescing spots with R, values

corresponding to guanine, hypoxanthine, biopterin, IXP and AHP-6-C00H

(Table II).
Thin-1ayer chromatography of 10% TCA extracts revealed ín addition

to the substances mentioned above the presence of four others (Fig. 12).

These had R* values corresponding to adenine, GMP, xanthopterin and
J

ichthyopterin (Table II). 2-Amino-4-hydroxypterìdi ne (AHP) was not

detected.

The identities of guanìne, hypoxanthine, GMP, IXP and AHP were

supported by UV-absorptíon spectra (fig. .l3,'l4,15, l6 and l7). The

identity of biopte'rin was supported by ìts decomposition to AHP-6-C00H

when exposed to 'light (Hama et aL., 1965; Stackhouse 
.l966). 

Absorpt'ion

spectra of authentic AHP-6-C00H and the degradation product of the

extract (biopterin) are shown 'in Fig. 18. The UV-absorption spectrum

of the fourth UV-fluorescing compound is shown in Fig. .l9. 
Exposure

of the compound to UV-irrad'iation caused its convers'ion to IXP as is

the case with ichthyopterin (l-lama et aL., 1960; Mori et aL.,1960). In

the absence of authentjc ichthyopterin, however, the jdentity of this

compound 'is only tentative.
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Synthes'is and deposjtign of skin purines and pteridines in rainbow

trout under condi t'i ons (TSH-treatment ) f avouri ng puri ne synthes'i s

Ra'inbow trout injected with 2 mIU TSH/g body wt on alternate days

for 3 weeks were visually more silvery than controls.

Slcjn from the lateral surface was analysed for the two purines,

guanine and hypoxanth'ine, that are generally considered responsib'le

for sììvering. The results are given ín Table IiI.
Guanjne levels of control (0.137 t0.006 ng/cn?) and treated

0.145 t 0.008 mg¡cn?) fish were not signìficantly different (p'0.4).
Hypoxanthine jn treated fish (0.053 t 0.002 mg¡cn?) was significantly

higher (p . 0.0'l ) than in controls (0.038 t 0.004 ng/cnZ). The totals

of these purines (j.e. guanine plus hypoxanthine) in control and

treated fish were not significantly different (p t 0.05).

In this experìment the concentrations of the other substances

were not determined, however, a'll substances were radioassayed. In

control and treated fish the radio'isotope entered jnto skin purines

(guanine, hypoxanthine and GMP) and pteridines (biopterìn, AHP, IXP

and i chthyopteri n ) . The specì fi c acti vi ti es of guani ne and hypo-

xanthine vrere determined. They were signifìcantly higher (p . 0.001 )

in treated than in control fish (Table III).
From the results,'it appeared that thìs experiment to induce pur-

ine depos'ition was terminated too quìckly; that it was term'inated jusi

when TSH-treatment was beginnìng to exert its effects on purine syn-

thesis and depos'ition (see discuss'ion be'low). Therefore, the experi-

ment was repeated with the durat'ion of treatment extended.
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TABLE III. Concentrat'ion and specific activity of guanine (G) anci hypo-
xanth'ine (H) from the skin of control and TSH-treated (2 IIU/S body wt
on alternate days for 3 weeks) rainbow t,r.qu!-.iniecled with l4-C-glycine.

I,rlei ght
of
f i sh
(g)

Concentrati on
(mg/cn? skin)

Specific act'iv'ity
( cpm/umol e )

G+H

Control
I

L

J.

4

Ã

6

7

B

9

i0

?q1

28.5

17 .9

19.8
.l6. 

5

18. B

23.5

32.5

17 .2
?Ã. 4

0. 
.l44

0.r57

0. 111

0. 146

0. 113

0. 128

0. 166

0.121

0. 149

0. 134

0.049

0.047

0.017

0 .040

0.022

0.031

0 .033

0.056

0 .036

0.045

0. 193

0.204

0. i28

0. 186

0. 135

0. 159

0. 199

0.t77
0. 185

0 "t79

ILÓ

9B

92

127

120

105

t47

J¿

125

97

89

125

tgz

103

221

177

200

68

t27

t12

Mean

S.E.

24.8

x2.6
0. 137

10. 006

0 .038

r0 .004

0.r74
r0 " 008

113

t6
140

tl6

Treated
I

2

3

4

Ã

6

7'.

B

32.7

24.0

27.0

37.4

29.4

18.0

2I.t
17 .r

0. 153

0. 125

0.t72
0. i00

0. 148

0. 138

0. i64

0. i57

0.064

0. 049

0.056

0.056

0.059

0 .044

0.045

0.053

0.2I7
0.r74
0.228

0. 156

0.207

0. 182

0.209

0. 210

169

227

253

267

213

355

180

27r

228

3t2
377

342

lbJ

496

331

373

Mean

\F

25.8

t2"5
241

xZl
ó¿t

t35
0. 145

r0.008

0.053

t0.002
0. 198

t0 .009
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In the second experiment to induce purine deposition, treatment

(2 mIU TSH/g body wt on alternate days) was administered for 4 weeks.

Treated fish were djstinctly more s'iivery than controls. From v'isual

examinatjon of the skin, it appeared that more of the melanophores

ventral to the lateral line were contracteO (pigments aggregated) in

treated than ìn control fish. Pigments in melanophores above the

lateral fine appeared to be in the same state of dispersion in control

and treated fish.

The weights of control and treated fish were not sìgnifìcantly

d'ifferent. The wet weight of control fish before sham treatment

was 38.3 t 2.4 g and at the end of the experiment it was 43.7 x 2.9 g.

Thyrotropin-treated fish were 38.6 x 2.8 g at the start of the experi-

ment and 43.1 t 2.5 g after treatment.

The results of analysìs of skin from control and treated fish

are shor,vn'in Table lV. The data on which the table was based are qiven

ìn Appendix VI.

Guanine and hypoxanth'ine levels of treated fish were approxjmate-

1y twice those of controls. The levels of GMP in both groups were not

s'i gnifi cantly different.

For treated fish the specific activity of guanine was approximate-

'ly four times h'igher than for control fish; hypoxanthine one and one-

half times higher. The specific activities of GMP for control and

treated fish were not significantly different. The specific activities

of pteridines also were not s'ign'ificantìy different, except for IXP

which was significantly higherin control (1742 cpm/pmo1e) than in

treated (1245 cpm/umole) fish (p . 0.001).
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TABLE IV. Concentrat'ion and specific activity of purine and pteridine
compounds from the skin of control and TSH-treated (2 nIU/g body wt on
alternate days for 4 weeks) rainbow trout iniected with 14-C-g'lycine.

Specif i c act'iv'ity
(cpm/umole)

Concentrati on
(ng/cmZ ski n)

Control Treated p Control Treated p

mean mean mean mean
tS. E. tS. E tS. E. tS. E.

Guani ne 0.?42 0.440 <0.001 79 31 4 <0.001
10.015 t0.026 t8 t36

Hypoxanthine 0.072 0.150 <0.001 185 260 <0.025
t0.005 10.004 t27 tI4

cMP 0.0.l 5 0" 013 >0.2 1464 1279 >0.05
t0.001 t0.00i t68 t74

Biopterin 0.012 0.012 >0.5 1642 1864 >0.2
10.001 t0.001 ¡77 xt72

AHP 0.0i3 0.011 >0.2 1426 1380 >0.5
10.001 t0.001 t80 !120

IxP 0.027 0.029 >0.4 7742 1245 <0.001
10.001 t0.001 t82 t95

ichthyopterin 0.006 0.007 >0.05 1026 B1B >0.1
t0.0004 t0.0005 xt26 x76

p= probability that there is no difference between means.
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trout under condilions (ACTH=treatment) favouring pteridine cieposition

Rainbow trout iniected with 2 IU ACTH on alternate ciays were

visual'ly much darker than controls after 3 weeks of treatment.

Me'lanophores ventral to the lateral line appeared more fu1'ly expanded

(pigments dispersed) in treated than in control fish.

Treated fish showed a significant loss in weight. The wet

weight of treated fish at the start of the experinient was 23.6 x 1.1 g

and after ACTH-treatment 21.0 t 1.4 g. Control fish were 23.6 È 0.8 g

at the start of the experiment and 27.2 x 2.3 g at the end of the ex-

peri ment.

Table V shov,rs the results of ana'lysis of skin from control and

treated fish. The data on which the table was based are given in

Appendix VII.

The concentrations of guan'ine, hypoxanthine and GMP in both

groups of fish were not significantly different. l,rJith the exception

of AHP, pteridines were significantly increased in treated fish. The

levels of AHP in control and treated fish were similar.

The specific activities of two purines, guanine and hypoxanthine,

of control and treated fish were not sjgnificantly different, but the

specific activity of GMP was s'ignificantly increased jn treated fish.

The specific activitjes of all four pteridines (b'iopterin, AHP, IXP,

ichthyopterin) were significant'ly increased jn treated fish.
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TABLE V. Concentrati on and spec'if i c acti vi ty of puri ne and pteri d'i ne

compounds from the skin of control and ACTH-treated rainbow trout ìn-
J..t.d -ith l4-C-g

Concentration SPecific activitY
(mg/cmZ skin) (cpm/umoie)

Control Treated p Control Treated p

mean mean mean mean

tS.E. tS.E. tS.E. tS.E.

GMP

Guani ne 0.144 0. 131 >0. 1 96 120 >0 ' 1

t0.006 t0.006 t5 tl4

Hypoxanthi ne 0.053 0.049 >0.4 243 328 >0 '05
t0.003 t0.003 t15 t43

0.009 0.008 >0.2 2241 3256 <0.001
10.0006 10.0005 tl53 tI44

Biopterin 0.009 0.026 <0.001 7482 4716 <0.001

t0.0007 t0.0012 tI57 x466

AHP 0.0i4 0.013 >A.2 1178 2673 <0.005

t0.001 Ì0.001 t134 t349

0.023 0.034 <0.005 2687 4210 <0.025
10.003 t0.002 t356 t483

Ichthyopteri n 0.006 0.018 <0.001 730 1477 <0.001
t0.0003 t0.0005 t52 t95

p = probabi'lity that there is no difference between means.

IXP
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DI SCUSS ION

Purines and pteridines occurring in t¡Ê-!-Kj-!--ql rainbow and brook trout

a) Purjnes

Guanjne and hypoxanthine were the principal purines in both

rainbow and brook trout skin. This finding is jn accord with pre-

vious observations on these two species (Natty and Sheltawy, 1967;

Chua and Eales,1971) and other teleosts (Markert and Vanstone,1966;

Johnston and Eales,1967; Nicol and van Baalen,1968; Eales,1969;

Lee et aL., !969; Denton, 1971).

Guanos'ine.monophosphate was present in small amounts 'in rainbow

trout ancl only in trace amounts in brook trout. Th'is purine has been

previously reported in rainbow trout (wtatty and Sheltawy, i967) and

tentatively identified in coho salmon (Markert and Vanstone, 1966). In

studies using extraction and separation procedures similar to the

present study, GMP was not observed'in parr and smolt of Atlantic

salmon (Johnston and Eales, 1967) or in coho salmon fry (Lee et aL.,

1e6e).

Adenine occurred in trace amounts in both species. Adenine is

one of the principal purines'in amphibian skin (Bagnara and Neidleman'

1958; Bagnara and Stackhouse, 1961; Stackhouse, 1966) Out has not yet

been reported in fish skin. Paper chromatography has usually been the

method employed by previous investigators for the Separation and

characterization of compounds in fish skin extracts. This method was
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not sensitive enough to reveal the small amounts of adenine in the

skin of rainbow and brook trout. It would be interesting to use

thin-layer chromatography to determjne whether adenine occurs in the

skin of other fishes.

Adenine was present in skin extracts after alcoholic extraction

which would not cause hydro'lysis of nucleosides and nucleotides. Thus

it appeared that adenine was not a degradation product but occurred in

the skin as a nitrogen h.ase as is the case with guanine and hypo-

xanthine (Johnston and Eales, 1967).

Inosine monophosphate, previous'ly reported in the skin of rainbow

trout (Matty and Sheltawy, 1967; Hayashi and Sajto, 1968), coho salmon

(Lee et aL., !969), and chum salmon (Hayash'i and Saito, 1968),was not

found in either rainbow or brook trout. Since the rainbow trout used

in the present study were similar in size and age to those used in the

previous studieso the failure to detect IMP is puzzling. It is usual'ly

difficult to remove fish skin without taking some of the underlying

muscle tissue (Lee et aL., 1969; personal observation). Fish muscle

is rich in IMP (Jones and Murray, 1960; Dyer et aL. o 1966; persona'l ob-

servation) and it is possible that muscle rather than skin was the

Source of IMP in the previous studies. In the present study it was

found that freezing the fish in liquid nitrogen immediate'ly after they

were killed allowed the removal of skin that was free of under'lying

muscle layers.
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The princ'ipal pteridines in rainbow trout were IXP, ichthyopterin

(tentative identification), AHP and biopterin. A small amount of AHP-

6-C00H occumed on thin-1ayer chromatograms. AHP-6-C00H may have been

a degradation product of biopterin which is photolabile and read'i1y

degraded to AHP-6-C00H (Hama et aL.,1965; Stackhouse, 1966).

In brook trout, IXP, AHP-6-C00H and b'iopterín were the princ'ipal

pteridines. Ichthyopterin and xanthópterin were minor components.

The pteridine patterns of rainbow and brook trout were s'imilar

but not identical. This was not surprìsing as the coloration of the

two species 'is rather different.

The pterìdìne pattertrs of brook and rainbow trout bore some re-

semblance to those reported for adult teleosts (lanle VI). However,

since pteridine patterns may change during development (see I'iterature

revjew) any further comparisons of the patterns of the parr stage of

rainbow ancl brook trout with adult or larval stages of other species

would not be fruitful. It should be mentioned, nevertheless, that the

pteridine profiles of both brook and raìnbow trout bore little resem-

blance to the pteridine profile of the belly skin of coho salmon fry

(Table VI). Thjs is the only sa'lmonid whose pteridine pattern has so

far been reported (Lee et aL.o 1969). The differences in patterns

were ciue not only to species differences and differences in stages of

development (one-year o'ld parr vs  -month old fry) but also to the type

(location) of skin examined, since dorsal skin contains a more complex

mixture of pteridines than beliy skin (Lee et aL., 1969).



TABLE VI. Comparison of pterìdines
trout with those reported jn other
compounds is indicated by b (blue),

þJ

'in the skin of rainbow and brook
species. Color of fluorescence of
v (vjolet), and g (green to yellow).

Reference

o) -o
-oc-occo !
I>V

COaJPE
UY

!(JO-O!-(J-o
+rLo-C-C(Jo-tPÐrú
oo-ô-o-c:rx=rõ(Jrd

cÕ

Order Cypniniformes
Suborder Cyprinoidei

Fam'i 1y Cyprì n'idae

Carass'Lus auv'atus
(goldfish - adu'lt)

CyprirnLs ca.z,pio
(carp - adult)
Tz,iboLodon hakuensís
(rudd - adu'lt)

Mí s quv,nu s anqui, L Licaudatu s
(loäch - aduit)

Order Cypri nodonti formes
Suborder Cypri nodontoi dei

Fami 1y Cyprinodontidae

)ruzias Latipes
(Nä¿at<a - a¿ll t)

Fami 1y Poeci I i idae

Xiphophonus heLlez'i
(sr,vorãta'il - adul t)

0rder Clupeìformes
Suborder Salmonoidei

Fam'i 1y Sal moni dae

)nconLtyneVas kisutch
(Coho salmon - fry
SaLu eLiras fonl;innLis
(brook trout - parr)

SaLmo gaiz,dneri
(rainbow trout - parr)

+

:h¡q tv 9v

rh¡

¡hr-

arb,c

a.b.c

ehns tv 9v

Lee et aL. 
"I 969

present
study
present
study

, /,\ /,\T \T/ \-rl??
l+\ - +\'/

a

Reference: (a) Hama, 1963; (b) Hama and Fukuda " 1964; (c) llana et aL.,.l965"
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It has been suggesteci that despite the ubiquitous occurrence of

pteridines in fishes anci amphibians, there is a certaìn pattern of

their d'istribution among the various families (Bagnara,1966). For

example, while Cyprinidae have a wide array of pteridines quite typical-

1y they possess large amounts of violet-fluorescing pteridines anci on'ly

rather small amounts of blue-fluorescing ones (Hama, 1963). The few

Cyprinodontidae investigated have mainly b'lue-fluorescing pteridines

(Hama and Fukuda, 1964). No distinctive pattern for the salmonids was

seen. Violet-fluorescing ichthyopterin was the principa'l pteridine in

be'lly skin of fry and coho salmon (Lee et aL., 1969). In the present

study, vio'let-fluorescing IXP was undoubtediy the principal pteridine

in brook anci rainbow trouto but the amounts of blue- and violet-flu-

orescing compounds, judging from the size of spots and intensity of

fluorescence on paper chromatograms l{ere approximateìy the same. This

visual 'impression was confjrmed in the case of rainbow trout by spectro-

anaiysis (tables IV and V). However, whether or not adult salmonids

have a characteristic pterÍci'ine pattern remains to be investigated.

Differences in size of spots on chromatograms and intensity of

absorbance or fluorescence of spots indicated that purines and pteri-

dines were more concentrated in TCA extracts than in the two other ex-

tracts. Differences in the concentration of pterid'ines after extrac-

tjon with alcohol and with acid have been interpreted as ind'icating

that the substances exist partly in a free and easily extractable form

and part'ly in a bound form associated with protein (Matsumoto,1965a).

Just by analogy with the case of pteridines, it is'likeiy that the
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purines exist partly in a bound form and partly ìn a free and easily

extractable form.

In summary, rainbow trout skin contained guanine, hypoxanthine,

GMPo 2-amino-4-hydroxypteridine (AHP), biopterin, isoxanthopterin,

'ichthyopterin and trace amounts of adenine. Brook trout skin contained

guanine, hypoxanthine, biopterin, isoxanthopterin, 2-amino-4-hydroxy-

6-carboxypteridine (AHP-6-C00H) anci trace amounts of adenine, GII4P,

ichthyopterin and xanthopterin.

Levels of purines and pteridines in ra'inbow trout skin

in rainbow trout, guanine averaged from 0.i37 to 0.242 ng/cn?,

hypoxanth'ine from 0.035 to 0.072 ng/cm2, and GMP 0.009 and 0.015 mg/cn'z

(Tables III, IV and V).

The concentrations of guanine and hypoxanthine were within the

ranges found in rajnbow trout (Sheltawy, 1967), coho salmon smolts

(Nicol and Van Baalen,1968) and brook trout (Chua and Eales,1971).

These findings are summarized in Table VII.

The concentration of GMP corresponded to 1.0 and 0.6 uM/g wet skin.

These levels were considerab'ly higher (approx'imately twenty t'imes

higher) than that found in perchioric acid extracts of skin from entire

rainbow trout (Streltawy, 1967). The d'iscrepancy may be due to the de-

gradati on of the nucl eoti de durì ng perch'lori c aci d extract'ion.

The purine levels of rainbow trout varied with the size of the

animal, large fish containing higher concentrations (mg/cm2) than
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TABLE VII. Guanine and hypoxanthjne content of
salmonids.

the sk'in of certai n

No. of
fish

l¡It. of
fish
(ql

Guani n9

(mg/cm2 )

Hypoxanthì ne

(mg/cm 2 
)

ra'inbor¡l trout

(present study)

rai nbow trout

(Sheltawy,1967)

brook trout

(Chua and Ea'les,
1e71 )

coho salmon smolt
at various stages
of si 1 veri ng

(Nicol and Van
Baalen, l968)

l0

l0

10

24.8
x2.6

27.2
t2.3

43.7
x2.9

44.20

58. 25

24.06
tl. lB

25.29
t1.85

65.25
t4.88

106 .7 6
t7 .37

0.137
r0.006

0. 144
t0.006

0.242
r0.01 5

0. 218
r0. 041

0.240
r0.01 5

0.167
t0.01 0

0. 165
t0.01 I

0. 146
t0.0.| 2

0. 153
t0.008

Ã2q

to

0.038
t0.004

n nÃ?

t0. 003

0.072
t0. 005

0.059
t0.004

0.054
t0. 003

n nÃo

t0. 004

0.070
t0. 004

4

l5

ar
IJ

l5

lr
IJ
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smaller ones (Table VII). Data from Sheltawy's study (1967) with

rainboW trout showed the same trend. Since large fish tend to be more

silvery in appearance than small fish, it might be expected that the

purine content of larger fish would be h'igher than that of small ones.

However, the data of Chua and Eales (197I) showed that sk'in purine

levels of brook trout were similar in small (24 g) and large (106 g)

fish (fa¡le VII). Further work is obv'iously needed before any

general tzation can be made.

with regard to the pte¡idjnes, levels of two of them, AHP and

ichthyopterin, were s'imjlar in small (27 g) and large (aa g) rainbow

trout. The average concentratìons of AHP were 0.0i4 and 0.013 mg/cmz

skin respectiveìy. Ichthyopterìn averaged 0.006 ng¡cmz in both groups.

The levels of the other two pterid'ines, biopterin and IXP, were in-

creased in the larger fish. Bìopterìn averaged 0.009 ng/cm? in small

fish and 0,012 ng/cmZ in larger fish. Isoxanthopte¡in averaged

t2
0.023 ng/cmt jn small fish and 0.027 mg/cn'in the'larger fish.

Data on the concentrations of pterìdines in fish or amphibia are

scarce. Matsumoto (1965a) found that in adult goldfish skin IXP

averaged 0.358 pg/mg dry skin and ichthyopterin averaged 0.691 ug/m9

dry skin. in rainbow trout the level of IXP was equivalent to approxi-

mately 7.7 vg/ng dry skin, almost five times the concentration reported

in goldfish. The level of ichthyopterin was approx'imateiy 0.4 uglmg

dry skin,57 per cent of the amount reported in goldfish. Concentra-

tions of other pteridines'in go'ldfish or of pteridines in other species

have not been reported.
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It is interesting that the ratios of purines to pteridines in

small (27 g) and large (44 S) rainbow trout were different. In the

small fish purìnes (0.206 1rg¡cnz) were four times higher than pteri-

dines (0.052 1rg¡cn}), in the larger fìsh purines (0.42g vg/cm?) were

seven times higher than pteridines (0.058 ug/cm2).

In summary, the purines and pterìdines in order of abundance were

guanine t hypoxanthine > isoxanthopterin > biopterin, AHP, GMP, > jch-

thyopterin. Guanìne was three to four times more concentrated than

hypoxanthine and six to eight times more concentrated than isoxantho-

pterin. Isoxanthopterin was twice as concentrated as biopterìn and

four to five times more concentrated than ichthyopterjn. Total purìne

levles were four to seven times higher than total pteridjne levels.

Influence of TSH and ACTH on purine and pteridine depos'ition

Rainbow trout adminstered TSH over a 3-week period were visually

more silvery than controls. Skin hypoxanthine was significantly 'in-

creased. Guanjne and the sum of the two purines (i.e. hypoxanth'ine +

guanine) tended to be increased, but the ìncreases were not statist'ic-

a1ly sign'if icant (Table III ).
The visually-observed silvering f ikely involved a redistribut'ion

of pigments with'in chromatophores. Robertson (1949) found that in

TSH-treated rajnbow trout, the oigments in many of the melano-

phores ventral to the lateral ljne were aggregated. Underlying irìdo-

phores would therefore be no longer obscured and the s'ides would appear
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5ì1very. The state of the melanophores 'in this experiment was not

noted, but'in the second experiment with TSH it was observed that ín

treated fish the pigments of many of the melanophores in the flanks

were aggregated.

It appears that the usual state of the pigments in melanophores

of amph'ib'ians and fishes is to be dispersed under the influence of

pituitary MSH (Bagnara, 1966). Thyrox'ine has an antagonistic effect

on MSH (l,lright and Lerner, 'I960). it was assumed that the effect of

TSH would be achjeved indirectly by stimu'lating the secretion of

thyro'id hormones (though the experiments dìd not exclude the possibjlity

of a direct effect of TSH on the chromatophores), and it would be at:

tractive to attribute the aggregated state of the pigments of the

melanophores to some action of thyroìd hormones affecting MSH. That

the s'ituat'ion is more complex than this was madé evident by the obser-

vation that the melanoohores above the lateral line of TSH-treated fish

appeared no different from control fish. That the pigments of melano-

phores of the flanks may be aggregated while those in other areas are

in their usual state of djspersion has been observed in both naturally

s'ilvering trout and trout'in whjch silvering was'induced by feeding

mammalian thyroid extract (Robertson, 1949).

The finding that TSH jncreased the incorporation of l4C-glycine

'into guanine and hypoxanthjne brrt that the level of only hypoxanth'ine

was significantly increased (fanle IV) suggested that hypoxanthjne

synthesis must have been influenced earlíer than guanine synthesis,

and that the duration of the experiment (3 weeks) was too short for the
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hormone to exert its effect on skin guanine deposition. If putline

synthesis in fìsh is aìong classical pathways (e.g.Buchanan and Hart-

man,1959; Murray et aL.,1970) the reactions from the initial purine

nucleotìde (IMP) to hypoxanthine would involve two enzyme-catalyzed

steps: IMP to inosine to hypoxanthine. The conversion of IMP to

guanine woujd involve at least four enzyme-catalyzed steps: IlvlP to

xanthine monophosphate to GMP to guanosine. Earlier stimulation of the

IMP to hypoxanthine pathway than the IMP to guanine pathway could

account for hypoxanthine but not guanine being significantly increased.

If stimulation of the IMP to guanìne pathway had iust begun when the

isotope was jntroduced, the net increase in the amount of guanine could

have been still too small to be significant but the accelerated incor-

poration of the isotope would be detected.

In a longer experiment (4 weeks), using'larger fish, TSH signifi-

cantly increased skin guanine and hypoxanthine but did not affect GMP

and ptdridine levels (faUle iV). Previous workers, 'in general, ascribed

silvering 'induced by hormonal treatment to guanine deposition but did

not measure guanine concentrations. The danger of this was íllustrated

by the results of the first experiment with TSH. It is only recent'ly

that Chua and Eales (1971) clearly demonstrated that TSH significantly

increased dermal purine (hypoxanthine and guanine) deposition in brook

trout. Their findings are notnt extended to rainbow trout.

It was evident that TSH was capable of influencing pteridine

synthes'is, for although pteridine levels in control and treated fish

were not s'ignificantly different the specific activity of the princi-
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pal pteridine, IXP, was significantly reduced (ianle I'y). It is

likely that pteridine levels would have been reduced if the experiment

were of longer duration but th'is remains to be investigated.

Administration of ACTH almost doubled the pteridine content of

rainbow trout skin, but the four pterjdines did not show the same in-

crease in concentration. Isoxanthopterin was increased 50 per cent;

biopterin and ichthyopterin were increased three-fold; AHP was not

increased. The hormone did not affect purine levels, but incorporation
1A

of '-C-glycine into GMP was signÍficantly increased (Table V).

Iijith regard to the pteridines, the findings are in genera'l agree-

ment with those of Matsumoto (i965a) who found that ACTH increased the

pteridine content of red-scaled goldfish skin, but while some pteri-

dines were increased the levels of others were unchanged. In amphibian

larvae however, when pteridine synthesis was induced by intermedin (MSH)

treatment all pteridines showed the same two-fold increase (Stackhouse,

1966). Apart from these two reports, data on the effects of hormones

on pteridine deposition are lacking.

Injection of ACTH stimulated melanogenesis in both intact and

hypophysectomized goldfish (Chavin, 1959), had some melanogenic effect

in the killifish, EttnduLus hetez,ocLitus (Kosto et aL., 1959), and

stimulated pteridine synthesis in goidfish (Matsumoto, 1965a). The pre-

sent study extends these findings to rainbow trout. However, since

most preparations of ACTH are highly contam'inated with MSH (Lerner, 1966),

it should be mentioned that the purity of the hormone in the present

study (as in the previous ones) was not known. Also, as Tepperman (ig0g)
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pointed out, there is the poss'ibility that the changes induced were

not by the ACTH molecule'itself but by an MSH-active pept'ide sp'lit

from the longer ACTI-I peptide.

In summary, TSH significantly increased sk'in guanine and hypo-

xanthìne but did not influence pteridine levels. Adrenocortico-

tropin almost doubled the pterid'ine content of rainbow trout skin br.¡t

did not affect purine levels.

Purine and pteridine pathways and the relationshjp between them

Comparison of the three purr'nes from rainbon trout sl<in showed

that the specific activ'ity of GMP was considerab'ly higher than that of

hypoxanthine or that of guanine (Tables IV and V). This was consistent

with the accepted pathway for purine biosynthes'is, according to which

GMP'is a precursor of guanine (e.9. Buchanan, 1960; Murray et aL." .l970).

The findinqs were also in accord with those of other investigators.

Sheltawy (1967) followed the incorporation of l4C-glycine into skin

purines of rainbow trout and found that the spec'ifjc act'ivit'ies of GMP,

AMP and IMP were hígher than those of guanine and hypoxanthine. Hayashi

(1972) followed the 'incorporatjon of l4C-forrute into skÍn purines of

rainbol trout and though he did not recover any nucieotides from the

acid extracts of the sk'in, he found that the spec'ific actjvity of the

nucleoside, inosíne, was considerably hÍgher than that of guaníne oì"

hypoxanthi ne.
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Skin GMP, however, fitây not have been a precursor to the newly

synthesized guanine. Under TSH treatment skin guanine level and spe-

cific activity increased relative to controls but neither the level nor

specific activity of GMP was different from that of controls (Table IV).

Similar results were obtained by Sheltawy (1967) who found that pro-

ionged 'immersion in thyroxine sígnificantly increased the leyels and

specific activities of skin guanine and hypoxanthine in rainbow trout

but did not significantly alter the levels or specific activities of

skin GMP and IMP"

Although purines are abundant in skin iridophores, there is no

direct evidence to indicate the site of purine synthesis in fishes.

It is quite possible that purines synthes'ized elsewhere (e.g.in the

liver) are transported to the skin. However, judg'ing from the fínding

of Matty and Sheltawy (1967) that labelled glycine was rapidly incor-

porated into purines in skin in uítro, tt may be assumed that the

iridophores play an important role in purine metabolism as a s'ite not

merely of accumulation but also of purine formation. If this is so,

it appears that guanine biosynthesis in the skin of fish may not be

along "classjcal" pathways.

l,rlith regard to the pteridines, IXP had the highest specific

activity (control fish, Tables IV and V). Proposed pathways for

pteridine synthesjs indicate that biopterin, AHP and ichthyopterin are

precursors to IXP. If this is s,ca it is not understood why the spe-

cific activity of IXP should be higher than the specific activities of

biopterin, AHP or ìchthyopterin unless IXP was synthesized through
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other intermediates. That this might have been the case is suggested

by the fact that TSH did not affect the synthesis (when judged from

specific activities) of biopterin, AHP or ichthyopterin, yet IXP

biosynthesis was slowed down (Table IV).

The level and specific activity of AHP in ACTH-treated fish

(Table V) indicated that it was being converted to some other compound.

In fruit flies, AHP was probab'ly an intermediate in the formation of

IXP (Hubby and Throckmorton, 1960). However, specific activit'ies in-

dicated that in rainbow trout AHP was not an intermediate in the for-

mation of IXP.

From a consideration of specific activities, it appears that three

routes may have been involved in pteridine formation: one route 'leading

(from the initial pteridine) to biopterin and AHP, another to ichthyo-

pterin, and the third to IXP. This would be in accord with metabolic

pathways proposed for pteridines (see Fig. 4).

l,.lith regard to the biosynthetic interrelationship of purines and

pteridines, it was reacii'ly seen from specific activities (Tables IV and

V) that the free purines, guanine and hypoxanthine, were not precursors

to the pteridines. It also appeared unlìke'ly that skin GMP was an

intermediate in the biosynthesis of the pteridines. Various investigat-

ors have indicated that the pteridines are synthesized through a purine

precursor and several hypothesized pathways (e.g. Stackhouse, 1966)

have been based on the .assumption that GMP was the precursor molecule.

Recent investigators (Burg and Brown, 1968; Fukushima, 1970) indicate

that the precursor molecule is the triphosphate nucleotide, GTP.
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0n account of the possibi'lity of a link in the biosynthetic

pathways of purines and pteridines, it has been hypothesized that

in organisms synthesizing both types of pigments some sort of compe-

tit'ion for substrates will exist, and that under conditions favour-

'ing purine synthesis pteridines will be decreased and under condi-

tions favouring pteridine synthesis purines wili be decreased.(Bagnara,

.1966). in the present study, there was no clear evidence for a

reciprocal relationshìp between purine and pteridine syntheses in

rainbow trout. Increase in purines Was not accompanied by a decrease

in pteridines, and increase in pteridines was not accompanied by a

decrease in purines.



SUMMARY

The princip-a'l purines and pteridines in rainbow trout skin were

guanine, hypoxanthine, guanylic acid, isoxanthopterin, biopterin,

Z-amino-4-hydroxypteridine and ichthyopterin. Adenine occured in

trace amounts. Brook trout skin contained guanine, hypoxanthine, iso-

xanthopterin, biopterin, 2-amino-4-hydroxy-6-carboxypteridine anci trace

amounts of guanyljc acid, adenine and xanthopterin.

In rainbow trout, TSH significantly increased skin guanine and

hypoxanthine but the levels of the other compounds were not signifi-
cantly altered. Three pteridines, biopterin, isoxanthopterin and ich-

thyopterin, were significant]y increased by ACTH-treatment; the levels

of the other compounds were not significant'ly altered.

In rainbow trout, l4c-glycine was rapidly incorporated .into skín

purines and pteridines. From a consideration of the concentrations and

specific act'ivities of the compounds under the different treatmentsu it
appeared that skin GMP was not a precursor in the de nouo synthesis of

guanine. It also appeareci that the purine compouncis isolated (guanine,

hypoxanthine and GMP) were not intermediates in the synthesis of

pteridines.

Despite the possibi'lity that the biosynthetic pathways of purines

pterìdines may be linked, no reciprocal ralationship between purine

pteridine syntheses was observed.

and

and
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APPENDI X

RELATION BETI^IEEN CONCENTRATION AND ABSORBANCE. (Data for Fig. 6)
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APPENDIX I I

RELATI0N BETü'JEEN C0NCENTRATI0N AND FLUORTSCENCE INTENSITy. (Dara for
Fig. 7, 8 and 9.)

Compound Concentiati on
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6
14
l5
17
20
30
32
30
40

TYD.

AHP-6-COOH:
AHP:

16.9X - 1.97
26.36X + 5.21
39.67X - 0.86

I-

I-

Y-
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APPENDIX III

RECOVERY OF COMPOUNDS ADDED TO 0.5 GRAF1 BOILTD FISH LIVER HOMOGTNATES.

Compound ug added percent recovery mean + s.t.

Guani ne

Hypoxanthi ne

GI4P

AHP

B'iopteri n
(as Al'lP-6-C00H )

IXP

1,000
500
100

I,000
500
100

1,000
500
100

100
Ãn

25

'l00
Ãn

25

94
92
92

90
BB
90

92
90
90

70
74
77

72
66

9B
82
90

B4
B2
92

94
90
B4

IL
64
70

BO

64
6B

8B
94
96

92
90
94

82
9l
86

7B
76
71

76
'7^

80

9l .B + 1.6

98.l + 1.3

BB.B + .l.3

72.4 + 1.5

72.2 + 1.9

69.3 + 1.6

77 69 71

76 63 64
70 67 64

100
50
2q
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APPENDI X IV

CARBON-I4 COUNT RATE AT A PULSE
(Data for counter settings, page

HTIGHT OF IO . IOOO DTVISiONS.
34. )

% Gain CPM % Gain CPM

I

2
a

4

Ã

6

I
I

'ìô
IU

I ,097

7,075

10 ,7 94

12 
"g7B

I 4,601

15 
"542

I 6 ,309

l6,83l
17 ,415
17 

"932

lt
12

l3
14

1ll Ã

l5
15.5

l6
17
'lR

I I ,300

I I ,504

I B ,B6I

19,425

19,621
1 0 ao¿.

19,5.l4

I 9 ,384

I8,755
18,464
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APPENDIX V

RADIOACTIVITY COUNTS OF KNOI^,N

z-HEXADECRttIE-14c. (Data used

efficiency, page 34.)

AM0UNTS (4"842 DPM) 0F

for determìning counting

Sampì e CMP

I

2

4

Ã

6

7

I
9

4,319

4 
"127

4 ,058

3 
"943

3,8'l 6

4,081

4,143

4,227

3 ,656

Mean t S.E. 4,041 t 69



CONCTNTRATION OF
(Uncorrected data

COMPOUNDS FROM THE SKIN OF

for Table IV.)

on

APPENDIX VI

CONTROL RAINBOì¡j TR0UT.

Concentration (ug/cm2 skin)

Fi sh

No.

Puri ne compounds Pteridine compounds

IPBP AHP IXPGMP

10

191
2r9

259
207

240
233

308
240

252
268

278
273

.l55

146

770
t79

230
226

i43
r67

B1
82

103
75

57
54

42
50

74
60

55
57

44
43

1^tv
ó¿

63
74

^tl
58

7"9
6.1

8.8
10.8

7.3
5.0

10.9
9.7

t2.0
l0 .3

5.9
4.7

5.0
6.7

o'l
12.1

5.6
a. Å.

t2.7
10.9

13 .3
1i .0

7.0

12.6
10 .6

6.2
8.2

11.4
9.8

7.4
9.0

t4.r
12.6

4.7
6.2

9.0
8.2

9.8
i1.4

18. 5
19 .3

25.5
24.5

2Ã A"

19 .3

13.7
14.8

20.6
14.6

24.1
23.3

21.5
18. 9

75.2
15.9

2t.9
t7 .4

20. B

18.5

3.5
3.?

5.0
5.3

2.7
3.1

4"2
4.3

5.8
Etl

Ã.q
AI

3.6

"4"
3.9
4.4

4.4
4.3

4.0
4.5

9
R

15
15

16
20

11
I

13
i5

11
ö

13
'1 1
J.J

13
9

16
t4

20
T7

Mean
\F

22r.7
t13. B

63.8
t4. B

13.2
tA 1

:tr ¡ J

8.3
t0.9

9.4
t0.8

t8.7 4.3
tl.0 t0.3

Abbreviations: G =
iP = ichthyopterin,

H = hypoxanthine, BP = bioPterin,
in text.

guanl ne,
others as



CONCTNTRATION
( Uncorrected

OF COMPOUNDS FROM THE
data for Table iV.)
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APPENDIX VI cont'd

SKIN 0F TSH-TREATED RAINBOI^J TROUT.

Concentration (pg/cm2 skin)

Fi sh

No.

Puri ne compounds Pteridine compounds

IPAHPBPGMP IXP

t4
14

t6
t7

7

I
9
I

t4
t4

1I
9

T2
10

10
i0

l2
11

I2
10

10

372
386

466
423

475
484

466
405

400
367

508
554

292
273

339
330

451
423

334
325

156
i48

113
148

138
143

tt7
743

110
rt7

134
143

t5?
LJo

154
141

727
123

119
127

6.5
7.0

8.8
9.7

11 r

i0.3

7.6
7.0

10.3
8.?

6.0
7.9

4.0
5.0

8.8
10.3

7.3
9.7

5.9
7.4

5.1
5.9

7.4
5.9

II.4
aa,

I2.T
t2.6

7.4
9.0

5.9
7.4

7.9
6.2

6.6
8.6

6.2
7.4

10.6
9.4

18.9
i9 .6

18. 1

2L.7

22.2
21.5

20.4
20. 0

23.3
24.2

24.5
23.3

17 .4
i8.5

19 .6
20 .0

20. B

2t.9

19.6
77 .7

4.1
4.3

5.0
5.3

4.7
tr,4

5.5
4.9

5.2
AA

4.9
5.3

4.8
4.3

4.5
4.2

6.0
5.8

6.6
6.3

Mean
\tr

403.9
t24.1

134. 5
t3.8

11.3
t0.4

8.0
x0.7

8.1
r0.6

20.6 5.1
t0.6 t0.3

Abbreviatl'ons: G =
IP = ichthyopterin,

H = hypoxanthine,
in text.

guanl ne,
others as

BP = biopterin,



SPECIFiC ACTIVITY
(Uncorrected data

OF COMPOUNDS FROM THE SKIN
for Table iV.)
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APPENDIX VI cont'd

OF CONTROL RAINBOI^J TROUT.

Specific activity (cpm/umole)

F I5II

No.

Puri ne compounds Pteridine compounds

IPAHPBPGMP IXP

B4
65

126
t28

73

B3
72

6Â

60

61
43

42
61

44
40

49
54

Ão

60

ö

10

i31
104

t5?.
181

trz
96

t52
153

115
t07

272
278

?nq

252

151
90

84
49

i59
i33

925
r032

i316
t478

r426
1305

r237
1154

1030
1316

I 175
1258

t694
1362

1086
1324

1 195
r252

837
r027

1061
1265

T¿Lö
L25B

1356
t7 42

1Jl J
1133

1600
1484

1055
T448

1613
1428

1750
i693

1059
1111

1410
L328

I2IT
1395

t57t
T2I4

tI22
r024

875
718

1 136
1 131

1000
971

IJbJ
108i

161 i
i333

7L42
t062

1578
t250

1818
1500

I579
1697

1639
1558

i400
1310

1648
t542

17 67
t634

1078
1303

1i48
1000

1307
1354

1351
t4?4

555
862

786
531

t666
1504

rc74
961

72r
624

742
934

1007
t463

7t9
754

503
588

559
552

i453 856
t68 t105

1 i90
x57

154
rL¿

66
+x

t22t
t65

i369
x67

Mean
S. E.

Abbreviations: G =
IP = ichthyopterin,

H = hypoxanthine, BP = biopterin,
in text.

guanl ne,
others as
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SPECIFIC ACTIVITY OF COMPOUNDS FROM THE SKIN
TROUT. (Uncorrected data for Table IV. )

APPENDIX VI cont'd

OF TSH-TREATED RAINBOW

Specìfic activity (cpm/umole)

Fish

No.

Purine compounds Pteridine compounds

IPGMP BP AHP IXP

10

191
228

140
268

151
ttu

209
782

364
330

223
132

236
?25

203
186

445
397

514
447

231
236

173
767

2t5
214

247
190

246
262

191
t67

20I
243

22t
185

25t
5ó¿

176
188

937
1148

rt64
798

1207
tt47

704
655

883
1092

rt72
1351

1053
i065

1133
1125

777 4
t628

943
975

¿.L¿3
2295

tt27
1383

t760
1640

1021
1409

17 46
1764

1235
959

1 111
It29

i654
i703

i378
967

2167
2378

874
917

1000
1 135

r77?
i195

i048
i138

965
1108

786
551

1764
2008

ttg2
1246

1229
1413

1111
1168

909
628

939
1078

1235
1025

7794
1083

Itzt
1209

863
829

1290
t666

885
t028

675
561

1228
IzIB

890
1089

449
478

594
489

798
979

595
7L4

577
586

1007
976

49t
604

465
577

592
692

Mean
s.t.

2t7
xt2

1555
t143

1 151
t100

1038
tB0

683
t63

r067
x62

262
+?Â

Abbreviations: G

IP = 'ichthyopterin,
= guanine,
others as

= hypoxanthine,
text.

n

1n
BP = biopterin,
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APPENDIX VI I

CONCENTRATION OF COMPOUNDS FROM TI.IE SKIN OF CONTROL RAINBOI,J TROUT.
(Uncorrected data for Table V.)

Concentration (uglcm2 skin)

Fi sh

No.

Puri ne compounds Pteridine compounds

IPH(t GMP BP AHP IXP

74
i0

7
7

7
11

B

6

6
i0

-7

7

9
10

7

I
7

I
7

7

4

B

9

10

t25
139

109
101

148
153

108
i04

r22
143

118
153

139
143

160
74r

i55
t32

115
139

61
Ão

57
63

40
42

38
JJ

44
57

47
42

33
34

63
52

56
44

40
43

i0.3
oÃ

5.3
3.5

6.2
^7

8.5

7.7
7.0

5.0
6.t

:6.2
5.3

7.3
7.9

8.5
7.0

3.8
û" a.

LN
4.3

4.0
tt^

4.2
AR

3.5
3.7

5.0
4.9

5.5
5.7

4.3
4.2

J.U
3.1

4.7
5.3

3.6
3.7

1i .8
t2.6

7.8
9.4

10.2
8.2

7.4
aa"

9.0
7.4

10.6
9.0

14.9
16.5

6.2
7.8

10.2
9.0

tr "7
i3. 3

16. 3
14. B

20.4
2t.r

10.0
11.1

79.?
20.4

r0.7
11.8

7.7
8.1

14.1
17 .0

17.4
t3.7

22.9
23.8

15.5
15.5

Mean
ctr

132. 5
t5.2

47.t
t3. 1

8.2
t0.5

6.8
t0.6

10. i
t0.8

15.6
t2.0

4.3
t0.3

Abbreviations: G = guanine,
IP = ichthyopterin, others as

H = hypoxanthine,
in text.

BP = biopterin,



CONCENTRATION OF
(Uncorrected data

COMPOUNDS FROI\4 THE
for Table V).
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APPENDIX VII cont'd

SKIN 0F ACTII-TREATED RAINBOI^J TROUT.

Concentration (uglcmZ skin)

Fi sh

No.

Purine compounds Pteridine compounds

GMP BP AHP IXP IP

10

1i3
I27

49
94

r37
746

97
92

113
134

105
74r

I27
732

148
130

i43
120

104
99

40
45

A¡I

52

5B
56

40
ñn

JJ
35

37
JY

33
JO

55
52

42
44

35
Jö

6
6

9
B

6
I

10
6

7
6

6
6

11
I
9
9

7

7

6
6

15 .8
17 .7

2t.9
24.2

2t.9
20.6

20.6
17 .7

20.6
2t.9

13.4
14. 1

1n 1r+. t
18.3

23.0
20.6

18.9
?0.6

15.3
18.9

11.0
72.9

12.9
10.6

5.5
7.0

1õ

1i.0
9.4

7.4
8.6

10.6
12.2

8.6
9.8

8.6
7.4

9.4
7.0

20.0
2t.5

27.7
25.9

26.6
30.5

22.2
t7 .0

30.3
29.6

17 .7
18. 5

21.5
20.0

26.6
28.t

24.9
2t.5

¿5.ó
24.I

i0.4
11.1

74.r
12.9

IJ. J
14. r

11.1
9.6

1i.5
t2.9

14.4
14. i
12.6
11.5

13. 3
i1.9

72.9
1i.9

i3.3
12.9

Mean
S.E.

120. 1
t5.4

43. 6
t2,5

7.4
t0.4

10 n

t0. 9
9.2

x0.7
24.r
t1.3

72.5
t0.4

Abbreviations: G =
IP = ichthyopterin,

H = hypoxanthine,
in text.

guani ne,
others as

BP = biopterin,



SPECIFIC ACTIVITY
(Uncorrected data

OF COMPOUNDS FROI\4 THE SKIN
for Table V.)

96

APPENDIX VII cont'd

OF CONTROL RAINBOI^J TROUT.

Specific activity (cpm/umole)

Fi sh

No"

Purine compounds Pteridine compounds

iPGMP BP AHP IXP

?22
239

i65
158

207
208

184
237

252
237

160
t82

186
131

ztt
L75

24t
JIY

165
178

87
82

65
70

61
6B

9B
73

91
B3

76
7t

TI2
9?

56
74

79
94

82
8B

i0

1378
2048

1154
1052

1655
t628

2306
25I0

2020
1819

1788
1272

2038
t730

1823
i961

2600
224t

2206
?147

L484
1379

r576
i500

r079
7047

o¿r
453

t702
16i3

1000
968

1368
1225

755
503

1509
t704

t826
r407

444
650

t372
815

1238
1364

1413
1060

1306
1728

i i36
869

650
866

1311
7176

651
596

533
478

2137
?222

3444
2684

3444
3500

2790
2166

3100
3619

3071
2500

1720
1161

1032
I200

1073
1238

T7T4
I42B

490
5t2

4r9
552

604
736

476
526

786
724

731
820

256
470

47r
530

59i
638

775
619

Mean
S. E.

?24t
t297

80
+A

202
xl?

1869
1131

1236
!772

983
t130

586
t43

Abbreviations: G =
IP = ichthyopterin,

H = hypoxanthine,
in text.

guani ne,
others as

BP = biopterin,
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SPECIFIC ACTIViTY OF
TR0UT. (Uncorrected

COMPOUNDS FROM THE

data for Tabl e ,V, )

APPTNDIX VII cont'd

SKIN OF ACTH.TREATED RAiNBOI^I

Specific activity (cpm/umole)

Fi sh

No.

Purine compounds Pteridine compounds

IPAHPBPGMP IXP

7t
82

90
BO

76
77

93
77

134
127

t07
79

160
t73

64
55

79
7t

163
15¿

4

8

i0

234
220

19i
228

509
540

160
t79

237
ztg

259
284

218
ztg

395
431

i63
r67

260
272

2245
2775

2852
2790

29t8
3t12

2100
2510

3461
3456

2130
2108

24IB
2691

3070
2734

2379
2690

3108
2551

5367
4127

44r7
4853

2656
2062

?556
3800

3406
2567

5309
5613

5511
3875

5225
5453

255I
1 515

4297
3448

223?
2450

rt37
7829

3666
307 1

1739
1709

1767
i351

3690
3t47

195i
1395

588
947

1764
2484

3135
3536

3638
2736

3040
3717

2125
2823

3500
4419

2037
1641

52tB
4788

2210
1916

5020
5360

4644
5727

3 571
2093

t675
t464

1468
t250

t092
Il29

960
988

1073
1034

1550
1468

1 155
t72t

1260
1509

i465
1367

840
775

Mean
S. E"

100
tlZ

t232
x79

269
t36

2715
!t20

3930
t3B9

2t79
x29l

351 1

x402

Abbreviations: G =
IP = ichthyopterin,

guanine, H = hypoxanthìneo BP = biopterin,
others as in text"




