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) ABSTRACT ol

The hypothesis-that the rate of incorporation of 14¢-1abelled
glyc!ne into 1so1ated fish scales reflects the instantaneous grun.h
rate of fish (Ottaway and Simkiss 1977a) was tested.for scnes of
winter flounder (P. seudug!euronecu ane.'ﬂcanus). a marine. fish which
has a strong'l,y seasonal biology. - 5

A seasona‘ study of “c-glycine 1vcorporatlon into scales of
wﬂd fish was comlucted over a 22 mnth -period. A,‘sepurnte‘ study qf
14C-g1yc1ne hfcorp‘or‘lt(on was carried out on 'Iaboratory\-ﬁﬂd Hsh
which were serially sampied over 17 m«;’nths. In addltion. scale grwth S
, Was estimated hy examining sca'les from a'l'l Hsh samp\ed. and measuring *
- the width of the grmung edge. ‘Changes in \ength and weight of
serially sampled fish were lnnitnred.

‘The seasonal cycles: of alycine 1nc9rpurltion into scales did not

‘correlam cycles of scale growth of \dld or-serially sanp’led
laBLratory fish. The cycles of growth in \gngth and weight observed in
the seria’ny salq)'led fish also did not corrﬂat.e with the cycle of
glycine incorpnraﬂon rates. Peak 14C-glycine incorporation rateg
werrobserved from Ine July to Septenber, when annual_.scale grwth was
nearly cm'lete in most fish. The peak in 14C-glycine 1ncorpura- V
tion occurred about two months after peak rates of increases in length
and weight. = . g

lncorporatiun into anterior scale pnrtions Nhlch Included the

grwlng edge of the scale, ac:ountld for only 16 to 34% of whole scale

‘Incnrpnrati{. The cycle of lncorporation of anterior scales paral-

.le'led the cycles. 9f incorporation of" _ﬂ\e epidermis bearing posurlpr




scale portions and of vmo'le scales, bu%ﬂ “not corv’e'late to the cycle

of scaIe grmh. § 3 i

The c'lear seasonal cycle in 14cglycine incorporation was

strongly correlated with seasonal changes in epidermal thickness,_uMch‘

have been correlated to changes 1n‘gonad condition' (Burton and Fletcher

s

N

[1983). Peak 1‘C-g1yc)ne 1ncorpo(at1on occurred when the epidermis

was thihnest, a‘nd processes of‘, regeneration were probably highly
; i, b ¢ i
active. : &

- L
,Analysié of ircubated scales showed that an average 36% of .

c-glycine was: not incorporated into any qther molecules within

+ the scale, and on/’ly. about 13% of the 14C-glycine was associated

with :o'll.ag:en molecules. Tﬁe;e,,were seasonal variations in the distri-

bution of 14C in various scale fractions:, with more‘1n}orpor£tﬁén

" into larger molecules in sunlner-" and-autumn-incubated scales than in

SR

winter-i scales.—The highestlevel of incorporation-of

-~ W¢_qiycine inta collagen molecules occurred%n*&eptepber,*wﬂm

coliu:iqed with the period of ep‘lderma'l regeneration.
The seasonal cyc'lé of 1‘C-g\ycine incorporation into scales
was also influenced by other factors, though only slightly. Seasonal

variations in temperature resulted in'a variable Q;a of “the incor-

poration rate. Fluctuations in the -sca]e ‘free jlyciﬁe pool- changed the '

relative concentration of 14c-glycine within the scale, but did' not
change the t‘{minﬁ of the .geashh’al cycle of 1m.:orporat1on rates. The
effects of |nh|h‘ltors of protein biosynthe}s suggested that micro-

orqanisms may colonize the degenerating epidermis and contribute to
)

1‘C-glyc|ne incorporation. rates during: summer months. %

This study indicated that:the basic hypothesis of O-tt'auw and

o




e . g iii

B

Simkiss (1977a) was not valid for winter flounder: the rate. of 14c-

glycine incarpo!-af,{on was not correlated with the rate of g}‘wth o>‘ .

scales or ‘th.e lrate' of growth of ﬂl\e fish. Instead, the seasonal cycle
/Iof 14(5-91yc1ne incorporation was correlated to the-seasonal cycle
of[;}degenera;lon and regeneration in the epidermis. For winter
flounder, 14c-glycine i‘ncorgoratlnn into sca\\es seemed to be: B
sensitive to generalized proces;eb_ of proteinlﬂletnb‘n”sm. but was ‘no’t

snec‘ific‘aﬂy ‘sensitive to collagen syntheéis i the growing edge of
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1. INTRODUCTION

Fish grow throughout their llfespan. increaslng’ in bnth Tength and

t. The.rate of growth varigs throughout life,dnd may be charac-

. : erized as consysting of one or more, "stanz?( (Ricke. 1979), wh1ch are

separated by dramatit physiological or' environmental changes such as
metamorphosls or migration. The rate of grwth for each stanza

genera] 1y defines an S-shaped curve, But there argl recurn ng patterns

of gW'wth within the stanza consisﬂng of seasonal am! even daﬂy
changes in frwth rate Such rhythms of growth reﬂect the combined

1nf1uences ﬂf numerous varying factors, Inc!udlng hormones, fond .

N qua\(ty and avaﬂabﬂfcy, envi ronmenta\ temperature and” day ength.. An

increase 1n Imdy slze represents the sum of mod1fyh|g 1nfh4ences on:

grwth over an extehded period ‘of time. P

The hard tissues of a growing fish, the bones and*scales, grow .

wlth the f1sh. Scales are a structure of the 1utegum£|t, and’ grow 'ln )

~size by. depositing new scale ‘material around ‘the perfpeter, forming
‘ more=-or-1 ess‘c{ncentr‘lc circles (circuli); similar to thé rings of a

‘tree (wa‘l'Hn 1957). Regular.annual variations in the'rate of grv«th 09'

the scale resu'lt in variations in the spacing between circuld, formtng
annual marks (annali) (Tesch 1970). Because scale grwl:h is'correlated
with body grwth the scale represents a record of the growth history
of an individual. The -annuli, or oht'her recurring checks (such as those
due to spawnm’g), nrovlde a method nf’aging ﬂsh und of e;t1muting

past: body slze and grwth rates, Unfnrtunate'ly, the/growth  record on a

- scale provides, no resn]ution of -the effects of the \larious factors ,

. fﬁh{ch have 1pf1uence}i the rate of growth. Examined in’the traditional

v o ot .
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ways, a scale ;:au revea} nothing about the rate of grov’vtr at the moment
of sampling, v:hen_’ factors which 1nf!uence that rate could be assessed.
) Ottaway and Simkiss (1977a) ;\ave suggested tﬁt the rate -of

14(5-91}'““& incorporation into a growing scale can provide an index
of the instantaneous growth rate of the scale because the principal
protefn involved in sca'le growth, collagen, contains a high proportion
of the amino acid gI_yclne (Stryer 1975). The mechanisms o;f scale .
growth have been characterized as occurr*lng (n four phases (Fouda :
1979): - o g .

1., production of a _coliagen matrix at the .growing edge ‘of the

‘sale; - o o g

2., calcification of the collagen matrix; "

3. growth and thicl:,ening of thy' cu'l'l'ager\ fibre fibrillary plate,
which underlies the calcified layer ‘uf.the scale; and
4. formation of circuli in the calcified layer. '’
The, instantaneous growth rate of sca1e§ ig determined by ir;cubating
isolated scales in physfo\ogicﬂ saline containing 14c-1abelled
glycine. {ie level of incorporation.of radigact‘lve glycine after a
erd,perimi of time is ccns{dered to be an index of the rate of scale
co\‘lagen synthesis, and thereby, uf scale growth. In their 1n1t1a1
1nvestiganons ottavr;f “and 51mk1ss (1977a) demonstrated that the

incorporation of 14c-g\yc1ne by scales was almetabqlid event; that

incorporation increased 'Hnearly}’wnh the. perind of incuhatioy and had

Ta Q1o (the change in metaboHc rate wlth a'10°C increase in

temperature) of 1.65. Subsequent researchers have not found a con-
sistent tenpéruture rehtionshlp \H\tMn a species, und have suggested

that ;he rate of 1ncorvoration at a giy temperature is influenced by
,




v

acclimation 1ewper}ture (Adelman 1980; Smagula and Adeiman 1982).
lncorporatedll/"c-g!yctne was found in the scale-forming cells at

the scale margin (Ottaway and s(mkiss‘1977a) and sgemed to be most
acthie]fh\i:orps;rated by the less numcrous'cells of the anterior part
of the- scale, as compared to the posterior scale portion, which
included epithelial tissue v(ottaway 1978) . ” The ratg of 1nc9rpqr;:tion
was significantly inhibited (up to 90%) by inclusion of cycloheximide,

an inhibitor of elgkaryote prote!n'synthesis, i the incubation medjum

. (Goo'lish and Adelman 1983). These observations support the hypothesis’

\

zhat an |ndex of scale protein synthesis is being measured by ‘4(:-
glycine 1ncorporat(on into scales.

Growth of f‘lshes can be inﬂuenced by stress ~due to- handling and
starvatinn, which affect growth in 'Iength and weight ane also scale

circuli formation (Bilton 1974). Oxygen deprivation starvation, or

‘hand1ing and confinement all reduced 14C-glycine incorporation

rates into scales (oitéway and Simkiss 1977b; Goolish and Adelman

1983) 5 The influence of handHng stress wasmnot’ev(d‘ent if scales were

. sampled within one hour of the onset of. the stress (Guol!sh and Ada\man

. 1983), but handling was the only co(nﬂtion dn these exper1ments wh‘lch

resylted in suhsequent,"fa\se check" formation on scales (Ottaway and ©

Simkiss 1977h).

Regu'lar cyc'les of fish gro)tth have "also heen correlated to scale

’ “C-g'(yclne 115(rporatlon rates. otcawa,y (1978) renort‘ed a

circadian rhythm of l4c-glycine .1ncurporat1nn in scales of roach,

‘Ruti\us rutilus, although no diel variaticns in 14¢- glycine incor- "

poration. were found in’ scales of threg other’ ﬂsh spgc(es (GuoHsh and

Adelman'1983). A seasonal cycle of 1¢-glycine 1néorposat|nn was




observed in the scales of juvenile sea bass, Dicentrarchus 1;brax, with
‘summer rates reaching four times wlnter levels (Ottaway and Simkiss
1979) Enzymes involved in formathm of hard tissues, the alkaline
phosphatas_'é. showed a seasonal cycle in the skin of the common goby
' (Pomatoschistus microps) which reflected the cycle of .scale growth
(Fouda and Miller 1979). . )
The instantaneous growth rate of scales indicated by 14c-
. glycine incorporation has been correlated .to overall grwth of H;h.
There was an inverse relatunsmp between' age qroup and the rate, of
' fncorporation of 14C-glyc|ne ih scales ‘of roach and sea bass ~ {
-(Uttaway and Simkiss 1977a~ 1979). Three populations of roach ;:m\ ".
d'lfferent growth rates, determiried.from back- ca'lculatlon on scales, havj
correspund1ngly different rates’ of 14C-g1yc|ne 1ncornoration ‘
(ottgway and Simkiss 1977a). Growth of a juvenile sea bass papu\atlun/'
over a two-month interval was stron§1y corrélated to th‘e ‘mean glycine
incorporation from the two sampling dates (0ttaway and Simkiss 1979).
Similar results were obtained with indlviduﬂ bTuegills (L Lepomis |
vmaciochirus) over a 'two-week intervﬂ (Gool(sh and Adelman 1983) .-
.. The results of these inves‘t‘lgations indicate that scale protein’
-metabolism is reflected by the rate.of 14¢sglycine incorporation;
-and that the indéx\ of instantaneous growth rate obtained correlates .
well with actual gnov}th over 1ong§r 1n€ervn1s. However," the relation-l
'sMp betwge’n shor"tA.tem- rates of scale growth and lfc-glyci'qe B, s

1ncorpuratl‘on has not been examined, nor has the basic iiypothes{é that

.. Mc.qiycine 1s actually incorporated h\to collagen molecules' within

the scale. Furtner, the |mpact of glycine already present within the’

scale on 14c-g|yc|ne incorporation has not been considered. This




study addresses these point’s. ’ ) y ~
"[Ms study fccused on seasonal asnects ole‘c-g'ly:{ne incor-
poration 1nto the scaus of winter f1ounder (Pseudopleuronectes
amer‘lcanus) ANl previous work with 14C-glycine’ incorporation into
scales has used scales 'frqrin yoing, or relatively fast-growing, fresh-
watev fish. * BS' usivig.wiv(ter flounder, we could t‘est the effectiveness
of the method with mature fish of a slon-grw‘lng marine spec(es. The

"winter flounder in Newfoundund coastal waters has a strongTy-seasonal

v blolngy v!rtua] durmancy from November to March, gthen temperatures are
dow; wlth h\creas(ng a(ti\}ty Tevels and resumption of feeding in :
Aprﬂ cnnﬁnuing throigh actober and November (van Guelpen and Davis

\
‘ 1979). The' annual grouth incremeént is sman but occurs in such a pro~

tracted period that a c1ear seasonal cycle of 14C-g\yc1ne 1ncor-
poration should 'be revea\ed. = . .
The hypothesis that the rate of sca!e'g’rowth is accurate\y re-
ﬂected by the rate of ’4C-g1yt1ne 1ncnrporatinn by scales (Ottaway
s 5 and Sim!s?ﬂh) was tested by comparing scale growth rates measured
it - by standard’methods to 14ng'|yc|ne 1nco_rporation rates. A wﬂd

pnpu'laﬂon of w!nter flounder’ wés sampled " at least monthly, -for 22

i months to determ‘lne if there’ was a seéasondl cyc\e in 14c-g1ycine -
1 ¢
“ 1ncorporat1on rates Growth of these fish was determined by examining -

: sca'les for .growing ‘edges and measuring 1ts- width. The correlation of
1‘c—glyc(:ne incorporation to .actual growth of individuals was
- ’té’si‘e‘d‘-thrqugh serfal s'ump'l'l‘ng of two groups of Taboratory-held fish,
v [ - one gro‘up"f‘ed and the other grouivstarved. he scales of these fish
' were ru\su examined-monthly for grwiing’_edges,khe width of which were .

measured.




The possible influence of three varying factors on "C-egc'lne
1ncorpnr’at(on were investigated: s‘easana] changes in epidermal thick-
ness of wildfish, ;s reported by ‘Burton and Fletcher (1983), were
monitored; seasonality in the effect of temperature on the rate t‘)f
incorporation was tested by incubating scales over a range of tempera-
tures throughout the year; ‘and fluctuations in free glycine pools of
scales were measured-’by amino acid analysis of'éxtracts of scales from

fish used in the seasonal study. L_ N

“In addition to these seasona'l smd‘les;. the lncorporat(on of .

14c-glyc1ne |nto collagen’ mo'lecules wus i;wést(gated hy testing the w
sensitivity of scale extracts from 1ncuba‘ted scales to ct{“agenase 3
activity, and examining distribution of l4c-glycine w;thh; the
Tncubated scales. The effects of inhibitors of prokaryote and
eukaryote protein syn’thesis on l"(:—u;nyclne incorporation by scales
were also investigated..




2. METHODS
g b B

2.1 GENERAL PROCEDURES
2.1.1 Collection of Fish

Winter flounder were collected by SCUBA-equipped divers at
Chapel's Cove, Conception Bay, Neuf_ourid'land. or on three occasiuns,'ut
nearby Harbour Main. Live fish were transported in a seawater tank

trick to the Marine Sciences Research Laboratory (MSRL), Memorial

University of Newfoundland, at Logy Bay, and were held in running sea- P

water_in 2 0001 tanks, at ambient témperatnre and daylength. Only
‘healthy fish of 25-40 cm.total Téngth (TL) (mean 33 cm), were sampled.

2.1.2 Incorporation of 1'lt:-egt:ine by scales ;

*

Fish were sampled between 1030 h and 1330 h. Because winter
flounder: scales are small, gwo samples gf 10 scales each were removed
. with forceps from a 1-cm? area above the lateral line at‘ the th;lckest

part of the hnd;. The scale samples were placed in flounder saline
(Table 1) in loosely-capped, individual 10 m1 test tubes, shakgn gently
to remove exces‘s mucoys and held on ice until all samples for 1ncu$‘a-

. tion had been collected. Incubation was :tartéd when t‘he saline and
mucou's' debris was remaved and rep]ac‘ed with 0.5 ml of flounder saline
contélning 0.8 uci/m 14c-glycine (universal label, specific
activity 1.17 n!:l/mg. froﬁ New England Nuclear NEN). The scale samples

were incubated for 2 h at 10°C and at ambient seawater temperature, in

v




Table 1. Flounder Saline

kel s ’ 0.201g17"
caClp 24,0 . © ow3g1’!
MaC1 5 61,0 010 g1”
NaCl . 10.227 g 17! )

- made up as a 10X concentrated Stock Saline and
kept refrigerated

Glucose . 0.4 g’l“
TES® buffer - 0.688 g 17"

‘- added to fresh saline at time'of use
- pH adjusted to 7.8

glycine . 0.150 g 1"

- added to Flounder Saline for post-incubation wash

Note: 2@ TES = tris(hydroxy 1)methyl-2-ami ulfonic
acid (from Sigma Chemical Company)

5




shaker water baths. The fncubation saline was then re;noved and‘the ’.
- scales washed for 1 h with five changes of saline :onn!nlng 2 mM un-

labelled glycine. Glycine was included in the wash saline to redu;:e

the level of free 14C-glycine in (or on) the scales. Sa}m'les ~

remained under incubation conditions during the wash period. After

washing, scales were gently h'lntte'd on filter paper a_nd dried’to con-

stant weight at 55°C, for at least 24 h. . )
Dried scales were efther left whole, or a few scales fmn each

sample were cut with sc{ssors near the line of abscission into two N

sections: posterior »(epideml_s-hearing) and anterior (normally embedded

1n‘the. dgrmis). uhoIé and sectioned sca‘les were ueigheﬁ t;' t,he'u.eare.st )

0.01 mg' and ‘pni into glass scintillation vials, dampened with 1 or 2

drops of distilled water, tightly capped then dlgfsted in 1 ml Pro-

tosol (NEN) for at least 24 h at SS'C\ Digested scales were counted im

10 m} Liquifluor (NEN) on a Packard 2425 Tiquid scintillation counter.

‘Results were corrected for colour quench n‘lth a flounder scale éxtra:t

quench curve. The incorporation of l4c-glycine, 7n\qis|nt_egratlons

per minute (DPM) per mg of scale, were calculated for whole and cut

scales of each fish. Samples of the inéubat!on saline and the pooled

post-incubation salines were also counted to enable standardization of

incorporation results to a consting incubation concentration of 0.8

wCi/m. The 14¢.glycine concentration in the incubation saline did

not deciine during the v{ncubatﬂm period, lnd}i’cat“l nlg.thlt the avail- . -

‘lh‘ﬂi‘ty of 14c-glycine did not 1imit the rate of incorporation.

Mean values + SE of "t-glyc‘lne |ncnrpnrltion were calculated for

whole scales and cut scl'les for all fish snmp'led and by sex, for each

incubation temperature. The term Ifincorporlt‘l'n rate" as used in this
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study indiates the uptake of 14c-glycine per mg of scale fora
standard 2 h incubation period. '

2.2 SEASONAL STUDIES

14c_

. 2.2:1 Seasorial incorporation of glycine into scales

- —
g ) | ‘/ i |
-~ A total of 513 fish (average total length‘3g.2 +0.1 cm) for -
seasonal studies v‘lere collected on 29 field trips“ over 21 months. Of
these, 279 fish (53% male) were sampled in the ﬂ"e'ld immediately upon
capturé; When possible, (most dates), scale sampies were collected
from five n;ﬂes and Hv‘e females, but on 5 dates Tess than 10 fish were
sampled: the number of fish ;amp1ed; N, was'9 on 1 July 1980; N = 8 on
8 Decémher 1980 and 14 September 1981; N = 7 on 12 January 1981; anq_N
=6 on 15 January 1980.. After scale s’amplés were taken, the fish were
killed Snd packed in |;o1yethylene bags. The fish and samples uer‘e held
on fce until return to the MSRL, within 2 h. Incubation proceeded as
soon as possible, at ambient seawater and 10°C temperatures. -

Live fish returned to the MSRL were held—in shallow 250 1 tanks
with'running seawaéer without food for one week before §am1(ng, to
reduce effects of capture stress._ A total of 234 "ﬁboratury" fish
(55%:males) were sampied on 28 dates and scales incubated as for
"field" fish. The number of laboratory sampled fish was 10, except on i
14-dates: N = 9 on 9 April and 7 October 1980; N = 8 on'5 ]ugust,, 3
September and 28 October 1980; N = 7 on 16 September and' 25 November
1980; N = 6 on 27 Jx‘ﬂy 1981; N =5 on 27'February, 12 May, 3 December '
1980 anq 25 August 1951; ‘and N = 4 on 29 January 1980 and 14 July 1981. .
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Field and laboratory fish were also sampled for freé amino acid

' 'ana1ys1s of scales by scraping a 5 cn? \area above the lateral line at

the thickest part of the body. The aped scales were put into 15 ml
test Atuhe; and held qnj {cé, or refrlgerated; until scale incubations™
were underway. “The scalés were uas[led with 1% NaC1, drained in an ,m-
ghzed Buner funnel with vacuum aspiration, returned to the rinsed

test tube, capped and frozen until processed further. (see section

i
2.4). .

The sampled field and 'labbrgtory fish were measured: ‘tota'l Tength
(0.1 cm), total weight (1.0 g), gonad and gut weight (0.01 g). ‘Gut E
weight is the weight of the eqtjre gastroi nte'snnal_: tract. ‘Gut‘con-
tents were v’le‘lghed 1n__1980 and estlmatﬂ in 1981 by subtracting empty
gut weight of Taboratory fish (as % body weight) from full gut weig;n
of |ndiv|‘dua1 field fish (as % body weight). Estimated body weight
iznw) was calculated as total body weight less gonad and gut contents.
The weight of the gov,ad and full gut were ‘ca\cn'lated as a.proportion of
thg estimated body ;:eigh: for ail field fish. Condition factor, K, was

calculated-using the formula:
K = (EBW/TL3) x 100..

Mean whole sca}é 14c_glycine 1ncorporatior'|'(~15£l was calcu-

lated, and studénts t-test (p < 0.05) was usgd to 'compa‘re mean’ values

N beéween dates, between sexes, and between field und‘ Jaboratory fish

(Sokal and Rohlf 1969). The incorporation rates of anterior (ANT) and
. ' s !
posterior (POST) scale portions were measured on all sampling dates

after 29 July 1980. The proportion of total 1ncorp6nat‘lun in the
e N i .

L]
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anterior scale was calculated using the formula:

ANTF(ANT + POST) x 100
e

Mean values for each samﬁle date were calcul*tgd. N

scales of'436 Heid and 1aboratory sampled wild fish“were examined *
for the presence of a growing edge, The mean montnjy proportion of all
scales with grw{ﬁ‘g edges, and mgg‘n monthly wi dt‘h of .the scale growing
edge as a'pvioportion of the g:a?e raﬂ1 us, were Aealcul ated. . A;| annulus
on the outside edge of the scale was assumed to indicate cessation of
growth for the year. For such scales a zero value was used for the

width of the growing edge. ' T

2.2.2 Epidermal -thickness
o | g

A separate study '(Burton and Fletcher 1983) measured seasonal

changes in epidermal thickness in field fish throughout 1980 ; epidermal

. samples for 1981 ueré obtained from field fish which -had beén sampled

between May and September 1981, and frozen after initi a\.sampHng. Al
cm? skin sample from the Tower body surface was taken just above the
lateral 1ine, at the thickest part of the thqwed fish. The skin sample
was fixed, embedded in paraffin, and sectioned using i;schniques of
Burton and Fletcher (1983), and mean 1ower epidermal "t’;hickness (+SE)
calculated for each date. Samples for 1981 were analysed from fish
cong:ted 19 Mdy (5 male, 2 femaTe); 15 June (4 ma.le, 3 female); 20
July (4 male, 3 female); 12 August (6‘ male, 1 Pm)e); iﬂ Septeu‘ter (4

male); 20 October, .(3 male, 1 .female).

,
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2.2.3 Serfally sampiled fish p

A 17 month program of serial sampling of 3% 1aboratory-held fish
was undertaken to'inwvestigate the relationship between rates of fish
i Vlnd scale growth l!!d 14¢.g1ycine incorporation into scales. *
neJlthy male wlnur{{[oymgr, of 25-3) cm TL, were randomly l;‘si gned to
o;wl of two treatment groups, fed or starved, at ‘the' beginning of the
- p;'f;g.l'am. The fish were held in two %1 tanks under 'ambien{ condi-
t!qné. and allowed to acclimate for one month before sarmz’ling com-
menced. Each 1individual was’ snpfed every two weeks; from May until
- Decemb‘er 1980, and then fonthly tn’ August‘ 1981, Tb;o scales vere
: remveﬁ fron the § cm2 samp1ing area‘f&r’ incubation, ‘then the fish
was 11 ghtly annesthet-lzea in abasin containing 0.5 g MS222 in &4 1 of
fresh seawater, before measuring weight (0.1 g) and total length (0.1
cm). Once a mgnth, a single scale wg’s removed from the caudal peml_xle
for examination of the growing edge; The fish was returned to the tank
as rapidly as possible. When each fish h’ad been sa\a\ed, the scales
were incubated at 10°C. _lnd{vma'ls were identified-by coded bead tags
_sewn through :_ﬁe base of the upper pectoral fin.
- The/ph’sicﬂ cund‘itim of each fish was noted when Samples were
taken, and unhealthy Fish fusually with degeneration of the caudal fin)
werg’remveﬂ. - Such £ sh were replaced during June and July of 1980 by
fish acclinated i‘er 2 weeks. On the final sampﬂng date, there were
“four fish in th'e fed -g_roup,vwh(;h had a1l survived- fron the origi qi\
fifteen. “None of the SRarved fish survived beyond 10 Octaber 1980.
One group .of fish was F.ed_ daily with a weighed amount of chopped

capelin (Mallotus yillotus). Uneaten food was collected and wei ghed

s .




2.2.4 Seasonal teggerature effects ) ~ . =
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the next day to estiu‘u the rate of feedin’g.'(The fish were not fed

for. ‘N h before sanwing. Yhis g;'oup was fed from April ﬁlrmgﬁ : .
llnvener 1980, by which time food cunsuwuon had :eased food was nro-
vided again 1in April 1981, nhkh is when_wild fish were observed to -
have resumed feedi r‘|g. The starved group was’ not fed throughout the
experiment. ’ b .

> ) )
© The rate of food consumption. for each sampling 1nf:erva! was calcu-

lated by dividing the weight of food consuned by the mean weight of the .

fi sh at the end of the tnterval.  The per cent rates uf change in
length and weight of |ndtv1 dual fed and sturved fish} were calculated as
the- d1fferem:e between consecutive measuremeﬁts, d!v{ded hy the earlier
measuregent, times 100. The mean rates of growth were computed for
each interval of salw"li_ng. The mean rate of "C-g\ycine incorpora-
tion into scales was calcul ated from individual values, as described in’
sectiod 2.1. le rences between the mean values me ana'lysed by t-
tests, : )

Scales were réad at 17 di-fférent dates for ‘tﬁe fed fish, andeight

dates for the stafved fish. Mean_values of—q{a proportion, of scales

w7
. with growing edges and the qufh of the growing edge as a per cent of
\ . 5 5 .

‘total scal e"'ridius, were calculated for each group, for each date,

. .
When an annulus was present on the ontsidp edge of a scale, a-value of

zero was included in the mean width th growing edge calculations
i

On eight occasions over the l6 month period, the 1nf1uence of

temperature’ op l14C-glycine 1ncurpurmon 1nto scales was




- investigated by 1ncubaf:{ng scales over a natur:al\y occurring range of
= temperatures (Fig. 1). Fisr; used for these experiments were held in :
tq; I‘Sboratory- for periods of two week's m“twn months, under ambient
cond.l_tlons of 1ight and temperature, and fed chopped capelin. * On each
date, o‘ne to three fish were slammed, with_ o “to eight samples of 10
+ scales being removed’ff'om a 5 cm? area, for incubation aé each of
) four or five temperatures i(‘Tab’Ie 2)." Scales from different individuals »
“weré not vgfxed.l Several shaking water biths, and’ a multipurpose
rotatdr (Suentific Instruménts Inc., model 150V) witr: sanp'le test
tubey he'ld in a horizontﬂ position, were used to proﬂde incubationt
temperaturgs of:-0°C or 1°C, 5°C, 10%c, 15°t and ambient seawater
. temp‘erature in the laﬁdratory. i 3
’ At each date, thé mean ‘%-’Q‘chlne 1ncarpnraﬂon rate was
calcu’lated for an rev'Hcates at each incubation.temperature. 'The»
re\atioﬁship of (ncorpuration rdte to temperature was linear over the

h : tenperatures tested, and 1inear reg ssions }of tncarporation rate

against incubation ;ggwpgrature werpfc}lcuhtgd from mean valués using .
the equation: - -, " N . ’
’ Coymen
\:I:ere. a= slupe'_am_i b “'1',{:9'“"”" The coefi!/c_!ﬁnisi of determlnaﬁén,
.‘rz. were al s‘o.'c_omﬁuted. The incor-pora'tinn‘/temperatu‘re regreséigns
; were ex‘amméd by ana'i,ys!s of covar|am‘:e‘ (ANCOVA) to test the 1‘;‘|ﬂuei\ce
. 5 ' . of ambient tempierature on mean rate of 14C-glycine ncorporation. - -
- w The ihc‘reas,e tn i‘ncorpor‘aélnn}rate with a 10°C increase in * —_
tewpei‘ature.(Qlo), was .calculated from ‘Vinear regression valués for "
each date accord!ng to the equation: a B o 3
- -T . . e 7 5
vn > = (R2)10/T2 LA . “Prosser 1973 o :




Figure 1.

Seasonal cycles in ambient teuperaf.ur,e (°C), winter flounder
I:M!d'lt{ol; (K)_. and g'onat-l and fn'l’l;gut ;ce(ghts as % of |
estimated body' weight (EBH-), for field sampled wild fish, 1ssq
and 1981. 'I'. nm-ber'-of fish sampled = 10, exéept on 5-dates
noted in text. Data are combined ‘from male and female:
Flounders. . ’
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Table 2. Temperature Curve Regressions and Qip
. x L

e
Amh‘(;ent o o :
Date Tc N n Linear Regression Qg
. # 'y r2.  slope lntercépt (0-10°C)
19-05-80 1.5, 5 5 0 .5; 92.7 1273.4 ) 1.75 .
05-06-'80 5.0 ) 3. A 3 0.87 | T94.2 1056.0 1.62
26-06-80 7.5 2. 254 .b 84. ,_,}53.3 ¥i54 5 l.Bﬁ s
+ ,31-08-80 _; 10.0 2“ 8 '0.93 161.7 - 822.7 . 2.37
06-1!1-80. 790 4 092 -W2.7 _ 1341.4 - 2.]7l
10-1280 45 17 67 0.9 1184 a2 - 1:5"2'
sz 0.0 4 /085 1562 15705 1oa)
31.05-81 60 1 8 08 60 560.7 2.56

‘~A ‘Notes: 3 N is the number of fish sampled
b n is the number of replicate scale samples from each
fish {ncubated .at each temperature
€ Linear regressions were calculatéd from the mean of
Y all replicates at each' temperature, using the formula
' y =ax+by wh e y = incorporation rate, x =
. temperature a = slgpe and b = intercept. |

1



where Ry = incorporatjon rate at: Ty, the -lower temperature, and
Rz = incorporation pate at Tp, the higher temperature.,

2,2.5 Scale glycine pool

Scale samples of 176 fish were selected from'29 field sampling
dates for g!yc\ue ‘pool analysis. Four samples from ma‘|e and female
ﬂsn of similar size were processed, except on 9 dates: N = 10 on 1
Apv:ﬂ and 15 Arl1ay 19803 N =9 on 12 March and 5 May 1980; N = 6 on 15
.January 1980;;. N = 3 on 12 January lsﬂlg’a\nd-N =2 on 22 April, 1 July,

“and 12 August 1080. ) E

_For each sca'le sanvp'le, the frozen sca'les were lyophilized for 24
h, welghed to-tne nearg‘st» mg, milled ta a pcntder in a Prolabo bal'l min
and re"weigt‘{ed. *The p'owde‘r was suspended in 10 ml of distilled water
(acidified to pH 2.5 with HC1) in the original test tube, tightly
capped and extra‘cted byvinverting for 48 h at 4°C on a multipurpose
test tube rotator. The scale extract was centr!fuged (4 000 x g) for
10 minutes, and crra‘supernatant removed. The scale pe'llet was resus-
pended in2m acldifled distilled water, recentrifuged and the pellet
wash combined with the sca]e extract.

The protein 1n the extrnc‘t was precipitated ln 0% Ewk and dis-
carded, the deprotelnated extract was reduced by evaporation to
avproxlmately 5 ml ‘and passed through a 2 ml bed of Anberl(te aMon -
exchange resin (BDH IR-120 (H*)) packed in an 11 m polypropylene
mini-column (BIORAD' Econoco'lumn) at a rate of 0 .2 ml/min. The resin
was washed with three 10 m vo‘lumes of 50% EtOH, and samples e\uted
with 50% Nﬂg in EtOH. : E -
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The protein free eluate, containing only amino actds amgd small
molecules, was reduced to 1 ml on a Rotovapour flash evaporator (Buchi,

Switzerland). The reduced extract, with rinsings of the evaporation

ﬂ"ask, was transferred to a 7 ml capped plastic test tube and dried

under nitrogen on'a N-Evap (Organnm:non Ass'n, Norcester", Massachu-
ssetts) at 30°C. The drﬁ extract was made up to 0.5 ml with redis-
tilled water, deproteinated once more with 0.125 m 5% sulfasalicylic
acid in l‘!th‘ium citrate buffer _(pH 2.2, 0:15 N) and made_up to 1 ml
with the 1ithium citrate buffer. The extract was centrifuged and the
level of free amino acids analysed using a Beckman model 121 amino acid
analyser,” as described by Squires et al. (1976). “The 4amount of glycine
in each sample was quantified ag nanomoles (nM) per gram of scale
powder extracted, and mean values calculated for each sample date.

The influence of.the s;:a1e glycine pool on 14C-g\yc1ne incor-
‘poration rates was assessed by expressing the incorporation rate 1in
terms of the specific activity of the scale gLycine'pool, in the
presence of 14C-glycine in the incubation medium_. The s.peciﬂc.
activity of the scale g}yc!ne pool was calculated based on the assu.mp-
tion that equilibrium 1; established between 14C—g\yc1ne in the
incubation medium and free g"lycine‘ulthln scale cells during incuba-
tion. Althdugh this ass\mbﬂon was not tésted spectﬂcalU 1t was
sn{pported by the' fact that 14c-g\y&lne incorporation was linear

over incubation periods of 0.5 h to 3 h (for exaﬁm\e see Figure 14)..
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- specific activity of incubation
Scale glycine pool specific activity = pedium (0.8 uCi/ml)

scale glycine pool TnM/mg)
© _1.76 x 10° peu ._.?"
. pM x 103 Gly mg~ N

_ oM x 10°

_The rat_e'of incorporation of glycine from the. active glycine pool is:

Rate of ”C-g1yeine Ancorporation _ DPM x 10% mg™). scale
Pool activity *

DPM x 105 pM-T Gly

N = pM'Gly mg"' scale

The rate of 1‘0-&6‘1\: incorporation into scales of

« individual fish was converted to glycine (ncqrpoutinn using the mean

_-scale glycire p;wl for the sampling date; and the mean glycine incor-

poration rate + SE was calculated for each date. Between year glycine

1nc9rporat1im'rates' at date were compared using Students. t-test.
2.3 EFFECTS OF INHIBITORS OF PROTEIN BIOSYNTHESIS

The effects _of three 1nh|b1r§ors ofkprotein biosynthesis on

"\c-qglycine Incorporatfon ‘by scales were examined in four experi-

ments, from July to October 1980. The inhibitors used were: cyclo-
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heximide (actidione) at a concentration of 5 g mi-1, an inhibitor’

* of protein chain initiation and elongation in eukaryote cells; puromy-

cin dihydrochloride, 30 g m-1, an (nMM_tor ‘of ribosomal prate_in
synthesis in prokaryote cells; and chloramphenicol, 10 g ml-l,‘
which inhibits peptide bond formation of most bacteria. The inhibitors
were obtained from Mannhe]m-suehrkn{e;‘. Scales were collected from
laboratory-held fish and preincubated for 2 h, incubated with l4c-
g'lyz:h;e for 2 h and then washed at 10°C. On 31 July, incubation
periods of 0.5 to 3.0 h were used to test the 11néarlty_ af‘!ncorpora-
tion and the time course of inhibition. Inhibitors were lnc\uded in
the preincubation, incubation and wash media of inhibitor-treated
samples.. Two scale sanp]es' were incubated under each treatme'nt,
including controls, and the scales .of one sample from -each trea‘iment
were cut into anterior and posterior sections. Details of the incuba-
tions are presented in Table 3. Samples treated with chloramphenicol
were vretecte}! from H‘ght with an aluminum foil sleeve, as chloram- '
phenicol is 1ight sensitive. ’

Results were expressed as proportions of control values. For the
31 July experiment, regressions of incorporation on time were calcu- .
lated from mean resu'ltsvfor each incubation period. The incorporatlnn
results of controls and cycloheximide inphibited 1ncubat|oﬁs were
.ana'lysed by one-way analysis of vartance to determine if there were
significant diffgren:es in 1ncorpurat|on'_ between the dates. Data from
a1l replicates preincubated and incubated furg h, including the cut
scales, we're combined to provide a mean ‘va1ug for each date and the

means were compared by Students t-tests.
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Table 3. Incubations with inhibitors of protein biosynthesis

Inhibitor

1“CDQD"G“0" Rate (as % of Controls)
ole 05’ n

Date . Incubation
23 July Puramy.ch; 2.0 h 46.9 33.9 73.9
Puromycin and cycloheximide - 120 h 47.0 25.5 67.4
Cycloheximide . 2.0 h 4.9 42.1 132.4
31auly  Cycloheximide 0.5h 9.3 889 157
1.0 h 224.9 . 319.1 a14.7
; = 15 h 130.7 161.1 218.9,
20 h 73.1 T 9.8 117.4
° 2.5 h 169.3 516  128.8
. 30 h 69.4 81.2 67.5
15 August Cycloheximide 2.0 h 52.6 46.9 98.1'\
17 October - Cycloheximide e 20.h "71.5 59.2“ 145.9
. Cycloheximide and chloramphenicol . 2.0h 70.5 70.9 133.0
20 h .126.1

Choramphenicol

100.2

106.3

€2



2.4 MOLECULAR INCORPORATION OF 14C-GLYCINE
How much of 14C-glycine incorporation into scales is actually A
associated with collagen, or smaller molecules, and how @ch remains as
free glycine? To approach these questions, large numbers of scales
were |nc;1hated on three dates (11 September 1980, 28 January 1981 and 9
July 1981). Twepty s@mlés, of 10 scales each, were collected from the ¢ .
5 cm? sampling ar;ea of fish which had been in thé‘laboratory for one -
to two weeks. A1l of ‘('.'l’\é‘ samples were Incubatlled at 10°C .Mth 1.6
wei/m Ao‘f 14c-glycine in saline, except 11 September ‘1980 when 0.8
“uCi/m was used. The average incorporation at each date was. determined
from two to four representative sampTes comp;es;q of one sba]g from each
incubation yial. Some of these scales were cut into anterior and
posterior sections, and ‘a1l were weighed and digested individually in
AProtosgfl. The remaining scales for each date were combined and cut
into anterior and poster!o‘r portions, we!gh;‘ivand frozen until all
samples could be processed together (@ November 1981). The scale
samples from each dat’e were then lyophilized and rewd#ighed before being
taken through -four main steps of analysis:
1. extraction of soluble components of sclale;, .
2. gel fi‘]tration chromatography of the scale extract; 3
3. analysis of extract components soluble in 15% TCA by
cuﬂagenase d|gesﬁon and dialysis. and
4. cnllagenase digest of 15% TCA insoluble material.
At each step, the 14C content was determined by counting a small
sample. Every effort was made to account for all of the 14C at

each step, and to reduce the proportion lthat was lost. For example, .
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Kim Wipe tissues used to wipe the sampling micropipettes were also
counted, The procedures outlined below are presented as a flow chart
in Figure 2.

For each step of the procedure the recovered counts of 14¢ in

- 5 / :
each fraction was expressed as a proportion of total DPM recovered for

the entire sc&],e sample (Table 4), and as proportion of DPM recovered

at_each step. The amount of radioactivity that was solubilized or
reduced 1n molecular weight by cn]]ageﬁase digestion ("collagen"-

associated 14C)-was ’ca'lculate'd»as a proportion of total counts in

© 'the sample. =

2.4.1 Extraction of scéles;

The procedu;'é for 1yophiﬂz{ng and extracting scale samples is
described in section 2.2.5. Scale pellets were uashgd ;nth acidified
distilled water, and the wash was added to fhe extract ;fter the
protein cofitent of the extract had been determined. The scale. pellets
(scale fraction 1.) were frozen until the extracts were processed, at
which time the:v were thawed and a weighed qortion of each digested with

collagenase (see section,2.4.4).

2.4.2 Gel filtration chromatography

Each of the scale extracts (scale fraction 2) was applied to a

. column of. Sephadex G-25 (Pharmacia),. and eluted with a 0.05 M}\ycine

buffer (pH 7.4). Samples of 0.5 ml from each 2.5 ml fraction were
dissolved in Aguasol scintillation fluid (NEN), counted, and ‘the




Figure 2. Flowchart of molecular incorporation procedures used to. deter-. R
mine the percent 'of total radioactivity associated with

= |
various scale fractions. Numbers refer to scale fractions in

- Table 4.
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fraction DPM expressed as a proportion of total OPM 9covered from the
colunn. Protein concentrations were detcr_lﬂned by measur'iu_g absorbance
of each fraction at 280 nm. Siangard cu‘riles for the G-25-colwmn were
obtained by applying a 5 m sawle:uf ‘acidified d|stﬂled water con-
tainlng’Go mg of BSA (beef serum albumen). ind 8ul of He_giycine.

The .BSA standard (ndiclus the location of ﬂ\e vofd volume (molecules
larger thhn 2 500 m) -mne radinaitlve decay lqcates the 14c-
containing fractlons. Fhe" nbsorbanc\ and radioa:t‘v\e profiles of the
standards and of the July 1981 sca'le extract are shown in F‘Igure 3.

The free glycine and-small mo]ecu'lar ue'lght (<2 500) fract‘luns
(scale fnctlon 2.2) were discarded. The lgrger moIecuhr ueigh.t_ (vu|d
volume) fracthzns (scale fraction ?.l),vnere'pobled. Iy;pMH_zed and
reconsﬂt'uted'uith 2 m distilled water and’ a sample counted. The
pooled vo|d volume Prictions were then deprotei na‘ted by- ariditioh of
0.86 ml nf oz TCA (trichloracetic acid), giving a final concentration -
of 15% TCA, refrigeuud for 1 h and centﬂfdged for 10 I\Inutes at
4 000 x g.

2.4.3 15% TCA insolubles

The 15%-TCA precipitated proteins (scale fracth‘m 2.1.1) were
washed with 0.5 ml euch oi‘ absolute EtOH and ether, and the washes
reduced to dryness under N2 gas nn a Ratovnpour. The alcohol wash
contuining TCA was neutralized by adding n 25 ml 6% NaOH, and then al
nnshes were dissolved in Protoso1 counted and, the counts included in
values fér TCA sofuhles. The dry, washed protein peﬂets were digested
with collagenase (see section z.l'.l). After .the 2%h digestlon period,



. F|‘<jure 3

Gel filtration chromatography of scale extract of scales
incubated. July 1980, and of beef serum albumen (BSA) and .
5 ; F .
14¢_glycine standards. - The 14C content of each

fraction is expresse'd as a.percent of total DPM recovered from

the co'lumn (=—July 1980 scale sample; — 14¢

standard): - Protetn content of each fraction is indicated by

.absorbance ‘at 280 M (== July 1920 scale sample; - ~ " BSA

standard).
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all protein was”in solution. The collagenase solublized proteins were
separated from proteins not.affected by collagenase by reprecipitating
the saw\eé in 15% TCA. The resulting TCA soluble’ supernatants
("collagen" (scale fraction 2.1.1.1) and precipitated proteins (“non-
collagen) (scale fraction 2.1.1.2) were dissolved in Protosol and

counted.

~
-

2.4.4 Collagenase digestion of scale proteins .
——J——S—M— .

The reaction mixtures' of Voshhia ‘and Noda (1965) v;ere used to
hydrolyse scale proteins with col!aéenase Ty|‘;e 1A (sigma), 9.4 units/
ml distilled water. Samples were incubated in a shaking water bath for
24 h at 37°C. The collagenase digest solution plus wash of any non-
digested material was dissolved in Protosol and counted against a blank
consistidg of the re‘:acuon media without scale protein. Scale material
nhicvh was not solublized by collagenase ("non-collagen") was digested

in Protosol at 55°C and counted.

2.4.5 15% TCA solubles -

The 15% TCA soluble portions (scaie fracttom—2.1.2) of the large
molecular weight fractions were sampled for radioactive content and
then dialysed against a membrane with a 3 5000 MW p;e size (Fisher
Scientific tn.) in 2 1 of 10 mM ammonium bicarbonate buffer for 24 h at
4°C. The buffer was changed after 1.5 h and after 17 h of dialys(s,

, then discarded. Radioactive counts associated with molecules of less

than 3 500 MW were discérded with the dialysis buffer and were




considered to be associated with 'nun-coll‘agen“ ‘mo!ecules (scaTe
fraction 2.1.2.1). The dialysed proteins of more than 3 500 MW {scale
fraction 2.1.2.2) were washed out of the dialysis bags with redistilled
water, lyophilized, and reconstituted to 2 ml with redistilled water.
A sam;ﬂe' was t.akev{ for countlng,‘ The samples were then relyophilized,
and'when dry, digested by,collagenase. After collagenase digestion,
the sanm}ei were redialysed and counts.,_whi ch yere dial_ysed..nere: con-

sidered to be associated with "collagen" molecules (scale fraction

2.1.2.2.1). The non-dialysed proteins (scale fraction 2.1.2.2.2) were

bag wev‘-e included in the non-dialysed'tnta’l .

dissolved in Protosol and counted. Counts associated with the dialysis
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3. RESULTS

3.1 SEASONAL STUDIES

3.1.1 Seasonal biology

The pron{zuncfed seagonal biology of winter flounder was reflected

in the changes in condition (K) and full gut wéight_ (feeding) during

' 1980 and 1981 iFl.'gure 1). The periods of rapid change in condition
correspond to completion of spawning in Jure and cessation of feeding
in the autumn; Condition did not differ between sexes.on 27 of 29
sumpiing dates, and therefore the values from both sexes were combined.
Except for March, mean monthly condition was the sam; for both years,
which indicated that there was a regular seasonal cycle in growth: ’
Regular seasonal cycles in gut weight were apparent in both years. T[\e

i changes in gonad weight show the seasonal cycle of spawqing and gonad
r(plen|ng.

3.1.2 Seasonal incorporation of MC-g\xcine into scales
k . I 3

.There was a se\asonﬂ cyc1‘e in 14c-glycine incorporation by
scales at ambient temperature and at 10°C (Figure 4). In.field fish,
the 1nc;)rnorat10n values averaged 1 578 # 42. DPM mg-1 at 10°C frop}
Jan‘uar_y through April ("winter"), increasing significantly from mid-
June to peak levels, during mid-July tu mid-August, of about 2.5 é(ms
mean. winter incorporation (4 289 + 300 in 1980; 3 575 + 275 in 1981).
The- timing of the peak incorporation rate “varied s1ightly between the




Figure 4. Seasonal rates of l4c_glycine incorporation by field-

sampled scales of wild fish, incubated at 10°C (—) and at

. ambient seawater temperature (---), 1980 and 1981. Mean + SE

. ¢ ppM mg-1 scale x 10-3. The rate of 14-
glycine incorporation w$§‘ measured ;iter a2 h incubation
period. N, number of fish sampled = 10 » except on 5 dates

-

notdd in the text. A
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years, but peak incorporation rates were nét s|gn1f|c;[|t1y different.
There were no differences between male and female fish in 28 ‘out of 29
samp“ngl dates, or between uintev"%ie\ﬂ and laboratory fish glycine
incorporation rates. Nwéver, laboratory fish incorporation rates were
significantly higher from March to early July in 1980 (P <0.05), and
significantly lower than field fish iﬁcorporaﬂon from July to
September l9w (P < 0.02) and in July 1981 (P <O 02] (Figure 5).
Anterfor and posterior sca\e portions from ﬂeld fish showed the
same seasonal cycle 1in rate of incorporation as whole scales (Figure -
6). " The anterior scale accounted for 16 to 313 of the sumned cut-scale
incorporation of 14C-glycine, with peak values averaging 26.32 +
0.77%, and winter values averagiﬁg 19.81 + 0.42% (P <0.001). The rate
of seasonal change in g!yc‘lne.incorporﬂtinn raté was not dif_farent
between anterior and posterior scale portions, which sugg—e.sted that
both portions respond in a similar fashion to factors which h\ﬂuence

the rate of incorporation of Mc-glycine.
"3.1.3 Growth of scales

. Peak rates in 14C-glyc1ne incorporation by scales of field
sampled f1sh dld not coincide with scale growth'in field and 1aheratory
sampled fish, except during July and August 1981 (Figure 7). ering %
edles were present on scales‘of more than 50% of f1ish sampled from.
7Aprﬂ to July, with a peak 1in May when over 90i of scales had growing
edges (Figure 7). Increases in the per‘cent growing edge (width of the
growing edge as a proportion of total scale radius) occurred most

rapidly from March to May, with an ave}agE maximum width of the growing



‘ Figure 5. Seasgnal rates of 14c-glycine in:corporation by scales of

| laboratory-sampled wild fish one week after capture, incubated

‘ at 10°C (—) and at a_mb!ent'seauater temperature  (---),

1980 .and 1981. Mean + SE 14C DPM mg-1 scale x

10-3. The rate of l4C-glycine incorporation was . v

‘ . measured aftér a 2 h incubation period. N, number of fish -

sampled = 10, except on 14 dates -noted in the text.

° .
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Figure 6. Seasonal rates of 14C—glycine incorporation in field-

samled scale portions, 1980 and 1981. The rate of l4(- N
glycine incorporation was measured after a 2 h incuﬂbmon ‘
perfod. # e

a. Whole scales and anterior (ANT) and posterior (‘POST) scale
portions, incubsted at 10°C. Mean + SE of l4c DM ‘
" mg-! scale x 10-3,
b. Seasonal anterfor scale incorporation, as a proportion ot
summed anterior p’lu‘é posterior scale incorporati dn at 10°C.
Mean + SE of ANT/(ANT + POST) x 100 N, nunber of fish

sampled = 10, except on 5 dates noted in the text. ¥
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Figure 7. Cycles of sca1;a growth in seasonally sampled wild fish, 1980
and 1981. -
Percent” groving edge of field and laboratory-sampled wild fish
(—) (monthly Means + SE) and 14¢-g1ycine incorporation
rates (after 2 h incubation period) of field sampled fish
(---) (sampling date Means). '
Percent growing edge is the width of the scale growing edge as
a proportion of total scale radiu;, and 1s equal to 0 when an
annulus is present at the edge oé the scale.
Percent growing is the number of scales with growing edges as
a proportion of all scales sampled for each month.
N = the total number of fislrsampled in the field and
1aboratory for-each nmnt'h. )
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edge of 4.11 + 07.55% in May 1980'., and 4.37 + 1.21% in August 1981.
During the period of peak scale growth the ;‘ate of 14c-glycine
incofporation increased only slightly, and peak levels of incorporation
of field fish scales (Figure 7) and 1aboratory fish scales’ (Figure 5)
generally ‘occurred when the proportion of stales that were still grow-
ing was decreasing. There was no relationsﬁip between scale radius and
scale 14C-gl_§'c1ne 1nccrpm:at|on rates at any time of the year.

.

3.1.4 Serially sampled fish

The seasonal rates of food consumption, increments of body growth
and scale 14C-glycine incorporation rates’ for the serially sampled
fed fish are presented in Figure 8. A1l of the fed fish gained weight
between June and dctober, with mean peak rate of increase of 7.5% over
'2 weeks »{n July 1980. Eight of the eighteen fed fish grew in length,
with the greatest mean increase of 0.44% occurring during June 1980,
and an overall mean in‘crease in length of 2.78$>for the season. There
was no growth in length from October until May 1981.. Incorporation of
“C-glycpe reached peak levels through-September 1980, and dropped
over 4-fold to winter incorporation levels from January to May.

There were no significant differences between year§ (April to
August) in water temperatures or rates of body growth; however food
consumption was grea£er in 1981. 14c-glycine incorporation ra;es .
were r)ot different between years except in mid-July (P <0.001). The
mean rates of growth and 1ncorporation of the eight fish which grew in
length did not differ significantly from the mean rates of all fed fish
combined (P > 0.05). '




Figure 8.

Fed serially samiled fish changes in length and weight and

14c-glycine incorporation in scales. Mean values + SE! N

= number of fish sampled. Where not stated N sampled is the

same as for the previous date.

a. Food consumption (total food eaten as a proportion of mean
fish weights for each sampling interval).

b. Mean per cent change in length for each sampling interval.

c. Mean per cent change in weight for each sampling interval.

d. 14c-giycine fncorporation rate at XO“E'_HC DPM

mg-1 scate x 10-3. . d
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The rates of weight change and glycine incorporation into the
scales of the _starved serfally sampled fish are presented in Figure 9.
A1l fish lost weight -during the sampling. There were significant dif-
ferences in change in weight betuee_n the fed and starved fish from
April through October 1980. The rate of {ncorperatiur; of 14¢-
glycine by the starved fish scales was significantly less than that of
fed fish scales, but changes in the rate of incorporation occurred at
ab‘out the same time. There were no significant differenées between the
incorporation rates of the twd grouf:s until mid-July (P < 0.001), ‘when
the fed group shwed a rapid increase. Significant differences between
the two groups also occurred ‘throughout September, when fed-fish scale

incorporation of glycine was at peak levels. In starved fish, the mean

‘peak of glycine incorporation was 5 139 + 404 DPM mg-1 compared to

fed fish mean peak levels of 8 587 # 607 DPM mg'f; a more than 1.5-
fold differencesin magnitude.

The serially sampled fed fish showed a seasonal cycle in the pro-
portion of scales with growing edges and in the wimTf'mg

edge (Figure 10a). Growing edges were observed from April to December

1980 and after March 1981. The peak proportion of scales with growing
edges was 100% at the end of July 1980, and in June and July 1981. . '

_ Maximum width of the growing edge occurred in August 1980 ('averag'lng

4.00 + 0.53% of total scale radius) and in July 1981°(3.20 +0.58%).

Peak rates of 14C-glycine incorporation in August and September

-1980 (Figure 8) occurred after the period of increasing width of the

growing édge of the scales, and when an increasing number of scales had
formed annuli (Figure 10a). “scale graum did coincide with growth in ’
Tength of the serfally sampled fed fish (Figure 8).



Figure 9.

Starved serially sampled fish changes in ;leiqht and 14c-
glycine incorporation in scales. Mean values + SE. N = number
of fish sampled. Where not stated, the number of 'f1sh swu
is the same as for the previous date.

a. Mean per"c’ent_change in weight for each sampling interval.
b. l4c-glycine |ﬁc‘¢>rporat|un rate at 10°C 14¢ ppM

mg-1 scale x 10-3. The rate of l4C-glycine incor-

poration was measured after a 2 h incubation period.
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_ Figure 10. Cycles of sca]e%(emth in serially-sampled fish in 1980 \a;i!
v . 1981, Per cent growing edge is the w!dtl? of the scale grr}w-
ing.edge as a\p'r{po?t!on of total scale r‘amus, and is equal
to O when an annulus is present atythe edge of the scale.
Mean + SE for each sampling date. Per cent growing is the
number of sca1es’w|th growing edges as a proportion of all
scales sampled for each sampling que. N = the number of
- scales sampled for Veach date. Where not stated, N is the
same as for the previous date. '
a. Fed serially-sampled fish.
b. Starved serially-sampled fish.
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Among the starved fish, growing edges were observed from April to
September, when the last sample was collected (Figure 10b). The pro-
portion of scales with growing edges peaked in late August through
September at 75% (disregarding the final sample which consisted of only
one fish), but the mean width of the growing edge did no_t lncnnsé
significantly from May through September. Because no samples were
obtained after September, _t.he"?c_wrren:e of a seasonal cycle of g‘rwth
in scales of starved fish was noé determined.

There was no correlation between the rate of ”I:-‘g\y:ine
ir{:orporat{nn into scales of ser’i‘a'l'I.y sampled starved fish and changes

in the width of the growing edge of the scales.

3.1.5 Epidermal thickness

The seasonal cycle in upper and lower epidermal thickness for 1980
(fromBurton and Fletcher 1983) and lower epidermis for part of 1981 is
shown in Figure 11. Although the previously frozen 1981 samples are
about 25% thinner than the 1980 samples, the seasonal cy(;!e was the
same. Epidermal thickness of both sexes declined from peak thickness
in June to a minimum by August and September. Burton and Fletcher
(1983) report similar changes in the upper epidermis, with cha;lges of
similar magnitude occurring.at the same time as the changes observed in
the Yower epidermis. There was a strong temporal relationship between
these decreases in epidermal thickness and increases in 14C.glycine

incorporation into scales.




Figure 11.

Seasonal changes in thickness of the lower and upper

epidernis of males (—) and females (

, 1980 and 1981.
Mean values + SE. The number of fish sampled in 1981 is
noted in the text (1980 data from Burton and Fletcher 1983).
a. Upper epidermal thickness, 1980. . =
b. Lower epidermal micknes;, 1980 and 1981.
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3.1.6 Seasonal temperature effects

The seasnnai cycle of seawater temperature at Logy Bay ranged from
-1.1°C mintnum to 14.4°C maximum (Figure 1).” Incubation of scales at
10°C throughout the year reduced extreme values of 14C-glycine
incorporation observed at ambient temperatures, but did not eliminate
the seasonal cycle (Figures 4 and 5). However, temperature did not
havé a consistent effect on the 1ncorpor"atlnn rate thrbughout the year.
‘Fcr each date that incorporation-at-temperature was examined, good
linear regressions were—ohtfjned (Table 2), but there was significant
vnriaﬂonim)tween dates in the mean incorporation rate at any given
temperature (ANOVA P < 0.01), resulting in significant variations
he‘tween slopes and 1nt‘ercepts of the regression curves (P < 0.005)
(Table 2). The source of this variation did not appear to be attri-
butable to season or gr(w‘th. The amblent' water temperature did not
sig;||ficant1y influence the rate of glycine ircorporation at tempera-
‘tures of 0 to 15°C. Differences between individuals were the most
Tikély source of variation. The Qjo's calculated from incubations
at 0 and 10°C, ranged from 1.52 to 2.56 (Table 2).

3.1.7 Scale glycine pool

The amount of free glycine in scale extracts from field fish was
highly variable, and differed bemeentthe two years (Figure 12)‘. The
differences in peak glycine pool levels between the two yea‘rssgould not
be attributed to differences in the rate of feeding or seawater

temperatures (Figure 1)‘, .The seasonal cycle of glycine incorporation,




Fiw're' 12. Seasonal variations in scale free glycine pools in 1980 and <
1981, nM glycine per mg of scale. Mean values + SE. N,
number of fish sampled = 4, except on 9 dates noted in the
text.
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calculated by adjusting 1‘c-glyc|ne ﬁncorporatiov{o the specific
activity of the scale glycine pool, was similar to the l14c-glycine
incorporation cycle (Figure 13), although there was a greater magnitude
of change between summer and winter values (11 times compared to_ about

4 times).
3.2 EFFECTS OF INHIBITORS OF PF“UTEIN BIDSYNTHESIS

The three inhibitors of protein biosynthesis employed in this
study all reduced the rate of 14C-glycine incorporation into '
cales.  Cycloheximide produced significantly decreased rates of incor-
P ration 'an 3 of the} 4 dates it was used. However, there appeared to
be) a seasonal factor _1n its effect, as the degree of inhibition pro-
uced was silguifiqgntiy different between dates,.with the highest
degree of inhibition of |ncurpnratioMes occtirring in July and an
insignificant |nhibit10n of 1nc_orporat10n_- in October (Figure 14a).
When the perioﬁ of incubation was yaried, the rate of 13-~
glycme 1naomorat1on by ‘scales~treated with tyc]ohe)dmide was at.or
above contrm rates.for ‘the first 1.5 h of incubation, hut there was
‘Ingicant 1nh‘lb1tion of (ncorporatlon after 2 h -of 1ncuhation with
-the inhibitor (Figure 14b]’ The incorporation rate of control scale
i samp'les |m:reased Hnear’ly, nearly doubling each hour. .
0f the 1nhib1tors of prokaryote protein biosynthésis,’ puromycin,
used 1n July, ;zroduce‘d the most inhibition of incorporation, while .
. cmdrhn’vpher_ncol. used in October,” produced on1y"s1|qﬁt 1inhibition
(Table 3j. The deg’jee_ nf‘_jnhibnior; of {incorporation produced by

Puromyéln was_thé s‘ame as that produced by .cyclohexim(de oh the same

x4



Figure 13. "seasonal glycine incorporation (pM glycine mg-1 scale)
(—) and 14c-glycine incorporation (14C DPM
mg-1 scale x 10-3) (---) in ﬂe'ld-s;-p'leu wild fish
scales incubated 2 h at 10°C, 1980 and 1981. Mean values +
SE. N, number of fish sampled = 10, except on 5 dates noted
-

in the text.
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Figure 14, Effects of a protein synthesis inhibitor on 14C-glycine
° incorporation'rate after a 2'h incubation period.
a. Seasonal variation in cycloheximide inhibition of 4.7 N

glycine |ncorporat!on rate in July, August and October

1980 samples.

o

. Changes in incorporation rate with cycloheximide over
time. ’ ‘

Control (] ; and cycloheximide treated » with per cent of

control incorporation shown inside the bar.
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date. When the two inhibitors were combined, incorporation was ‘not
inhibited more than when they were-used alone. Chloramphenicol com-
Mﬁe‘d with cycloheximide also resulted in no increase in }nhlh{t!cn,
compared to cycloheximide used alone.

Inhibition of incorporation occurred primarily in the posterior
scale portion (Table 3), while anterior scale incorporation appears 1n
most cases to have been enhanced by inclusion’of the inhibitors, com-
pared to controls. This result suggests that theré may be technical
prob\e!ns when inhibitor molecules, designed for cell-free systen;s. .are
employed in in vitro systems. Decreases in whole scale incorporation
rates in tbe presence of inhibitors were, in almost every case,. due to

reduced posterior scale incorporation.
3.3 MOLECULAR INCORPORATION OF 14C-GLYCINE -

The distribution of 14C-glycine within scale components was
studied on three dates. The scale fraction numbers refer to numbers
used in Table 4.

° <

3.3.1 Percent of radioactivity within scale fractions

The DPM recovered in each of the fractions can be proportioned 3
into “collagen" or "non-collagen" molecules. In the scale pellets
(scale fraction 1)% a mean of 31.1 + 5.7% of recovered radioactivity
was a‘sso:lnte@ with "collagen" molecules. The January anterior scale
sample had more "collagen", 55.6%, than the other samples. After gé{.

filtration chromatography, an average 55.9 + 2.5% of the recovered
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N

counts were tn the glycine fraction and 3.6 + 1.1% was assocl_ated with
small molecule fractions (scale fraction 2.2).

The large molecule fractions (scale fraction 2.1) averaged‘ﬂa 3t
3.5% of recovered counts, most of which (84.6 + 1.2%), were soluble in
15% TCA (scale fraction 2.1.2). Within the TCA soluble fraction, an
average 5.6 + 2.0% .of the coupts were associated with r"cul]ageg"
molecules (scale fraction 2.172.2.1). Posterior scales fncubated in
January containéd more collagen soluble in TCA (15.2%) thnn -other scale
samples. In the TCA insoluble fraction (scale fractlon 2. 1;.1) 7.25 +
1.41% of the recovered radioactivity was associated wi th collagen
Imolecules (scale fraction 2.1.1.1). The January anterior scale sample
had Tess 14¢ assoctated with "collagen® in the, TCA insoluble

fraction (1.43) than other samples. .

3.3.2 Incorporation into collagen

The mean proportion of total 14c-glyc1ne that was incorporated
by "‘col'lagen" molecules was 12.5 + 2.7%. This value should be con-
sidered an estimate because small peptides < 3 500 MW, which may
include collagen precursor molecules, were not tested for collagenase
sensitivity. The distribution of "collagen" measured in these aq(yev:i- .
ments appears to vary seasonally, with more 14C associated with
“collagen" molecules in the September pcsterior scale sample than at

other dates.




4. DISCUSSION

The seasonal cycle of 14c-g]yc1ne incorporation by scales of

winter flounder reflected the seasonal biology of this fish. investi-

gations of the nature of the cycle of incorporation leads to five

general conclusions:

1.

The seasonal cycle of 14c—g1yc!ne incorporation did not
coincide with the cycle of scale growth; n;sr did the size of
the 1r}cubateq scale ?nfﬁence the rate of incorporation.

The seasonal cycles of 14C-glycine incorporation and scale
growth were the same for fed, laboratory maintained fish as
they were for wild fish. The cycle of 14¢c-glycine 1incor-
poration of the fed fish did not coincide with the'cycles of
growth in Tength'and weight.

Anterior scales, which contain t‘he scalé-fominq cells, r‘aad a
pattern of l4c fncorporation which paralieled la¢
'ncorp;ration into posterior scales. This corroborated the
observation @hat the cycle of 1‘C-g'lyc1ne incorporation

was not related to the cycle of scale growth.

There was a relationship between peak rates of 14c-glycine
incorporation and seasonal deéeneration of the epidermis. The
increase in the rate of lac 1ncorpor‘at10n, chvh occurred
when the epidermis was thinnest, may reflect a metabolic
response to the physfological stress of epidermal degenera-
tion. The increased rate of 14C incorporation may also be ,
duev to the presence of microorganisms in the degenerating
epidermis. This was suggested by the effects of protein

synthesis {nhibitors.
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5. Most “incorporated” l"C-glyclne was not associated with
any molecule within the scale; and of the actually incord
porated 14C, only a small amount was associated with
collagen molecules. .

There was a pronounced seasonal cycle in 14c-glycine fncor-
poration by winter flounder scales, but it was not coincident with the
seasonal cycles in condition or scale growth. Increases in condition
factor, following spawning in May ‘(Figure 1), indicated that fish were
growing .1n weigh_t‘ at a faster rate than increases in length. A peak in
the number of fish with growing scales was observed in May of both
years, and the peak'rate of scale growth (based on the change in wirfth '
of the scale growing edge), occurred between March and May (Figure 7).
Incorporation of M(:-'g1yt:|ne by scales, however, remained at winter
levels between March and May. Peak rates of incorporation in July
through Sep‘tember 1980 occurred after more than W had
stopped growing. 1h 1981, peak 14C-glycine incorporation coincided
with the end of the perjod of scale growth, when the number of Qcales
with qrowing edges was decﬂnlng.

The size of the incubated scale which 15'related to fish length
(Tesch 1970) did not inf"luence the rate of incorporation. This.{indica-
ted that there was no relationship between M(:-q\yclne incorpora-
tion and length of fish over the size range sampled (25-40 cm). Such a
.re'laﬁonship may have occurred, even though 14 incorporation rates
did not énrre]ace with seasonal scale growth, if smner'fi;n had an
overall faster rate of growth than larger fish. Ottaway and Simkiss
(1979) reported an inverse relationship between scale radius and incor-

poration rate which varied seasonally, and suggest that this was due to
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the faster rate of growth of younger fish, which have smaller scales.
Smagula and Adelman (1982) note that the growing edge-is a greater pro-
portion of ;nn scales, which would increase scale-size errors due to
’ relative growth rates, and recommend that incorporation be expressed in
terms of scale area instead of weight. The relatively small scales and
slow growth rate of winter flounder may cause scale-size errors of this
type to be minimal. The seasonal patterns of scale growth and incor-
poration of 14C-glycine were the same both for wild fish in the
seasonal study, and in ;he serially sampled fed fish (Figures 7, 8 and
10a). Some studies have found. that repea_tpd sam11n§ of laboratoryheld
fish creates stress effects, such as loss of weight (Bilton 1974), but
- in this study, the gengral patterns of growth and incorporation in the
fed fish group were not different from wild fish. The fed fish showed
peak rates of growth in length between mid-June to mid-July, and
greatest changes in weight during July (Figure 8). Scale growth was
maximm between May and August (Figure 10a)l\at the same time ;hat
growth in length occurred. Thus, the laboratory fish were growing
during the same period as wild flsh‘. And, as in the wild fish, peak
rates of “C-g1yc|ne incorpov‘-ntion occurr_ed after most growth in
length, we(ghg and in scales was cmleu&.
There was also a seasonal cycle of 14C-glycine incorporation
into the scales of starved fish (Figure 9). Alth;ugh the starved fish
showed no growth in length or weight, or any scale growth (Figure 10b),
the seasonal cycle in “C-glycine incorporation was similar to that
observed in the serially sampled fed fish (Figure 8) and in wild fish
‘(Figures 4 and 5). These observations suggest that 14c-glycine
uptake may indicate metabolic rhythms other than body grmth'. Ottaway
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and Simkiss (1979) suggests that glycine incorporation may reflect the

general protein metabolism of the fish, because stresses such as star-

vation influence the rate of i“(: incorporation without producing

changes in the rate of scale growth, such as formation.of "checks".

The seasonal increase in incorporation rates observed in scales of

starved fish in this study supports this view, and may be reflecting

the effects of seasonal temperatures on protein turnover rates.

1f whole -scale incorporation does not reflect growth, does the

rate of gly:}ne 1l;|corporat(qn into the anterior scale, which contains ; .

most of the scalg-forming cells provide va cluse’rrcorrehnon_'l The
results of this study 'suggest it does not. Anterior ar@ posterior ¢
portions of incubated scales showed the same seasonal pattern of

" 14c_glycine incorporation as did whole scales (Figure 6). A

seasonal peak in anterior scale (ntorpurmun occurred in early August
1980 and late July 1981. ‘This observation ddes not support the assump-
tinn&f Ottaway and Simkiss (1977a) 'that the proportion of incorpora-
tion in each scale pértion is constant. In general, however, the sea-,
sonal cycle of glycine incorporation and‘the rate of éhange in incor-
poration of the anterior scale paral’l.eIEd that of the posterior scale.
As such, the anterior scale metabolism measured by 14¢-glycine. in-
corporation appeared to reflect thé metabolism of the scale as a
whole,

Because the scale- 1s a structre of the skin, patterns of 14c-
glycine 1!|cnrpbration into scales were compared to changes in the
epidermis. The period of minimum epidermal thickness corresponded to
the period of peak scale l4c-giycine 1nc9rpor'at|on- rates,

Decreases in epidermal thickness occurred after spawning and the upper
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epidermis of winter flounder had only 1-4 cell layers at minimum thick—
ness during the sunmer, compared to 8-9 in the winter (Burton and
Fletcher 1983). Thinning of the epidernis was apparent in early May,
! just before the rate of glycine incorporation began to increase from
winter levels (Figure 11). i
The dramatic seasonal changes in ep‘l}deml thickness z'are the
result of post-spawning deg‘ener‘ation and erosion, followed by regenera-
tion 1n October to December, and are correlated. with changes in gonad.
condition (Burton and Fletcher 1983). These athors dlscussed the
influences of testosterone and thyroid homunes on epidermal thickness-

- reported by other researchers. and noted that seasonal varfations of

bhnth typeé of hormones in the plasma of winter flounder (Campbel et

al. 1976; Eales and Fletcher 1982), corresponded to changes in the

epidermis, Seasonal bemviou( of the fish may also influence ep‘lderna.l

- condition since l!nhl_lm thickness s observed during sunmer months,

when Newfoundland winter flounder are in warm inshore shallow water
(van Guelpen and Davis 1'976). These: fish typically bury themselves in
the substrate u'im\. disturbed or resting, and their high activity levels
may result in increased-dermal abrasion, particularly if a hormone
effect that reduced epidermal thick ness was lso 1nvolved. »

It is beyond the 'scope of this study ;,q ‘determine the reason for
the inverse re'la’tlonship between incorporation of 1‘C-q1yc'lne‘ by
. scales and epidernal thickness. However, elemnts’ of this study tmlchI
upon two possibilities: First, the season¥} stress of epi dermal
degeneration may have stimlated the overall retabolic rate of the
skin, 1n particular the processes of skin re erut(onTnd_ growth.

Vc-glycine incorporation into scales of the serially sinﬂed fed

eu



fish was significantly higher than that of field fish (Figures' 4-and

8).” The repeated sampling of scales wi thin a relat’ivﬂy small area may

have stimulated the metabolism of the skin in the area, as lost scales

were regenerated. .Fouda and Miller (1979) report increased activity of

the enzyme alkaline phosphatase, which 1s involved in calcification of -

hard tissues, in regenerating scales of the common goby (Pomatoschistus
© microps), and in the skin during the spawning season (when about 60% of
the fishes' scales are Tost die to behavioral activities). Thusa
seasonal Stress to the ;k'ln was accompanied by a seasonal increase in
n\eéabol{sm involving a‘t" east one enzyme. It would be interesting to
examine the p!\ysiologicgl résponse of the skin of Qinter ‘ﬂounder to
the seasonal loss of 'so’much épidernal tissue, and to determine {f
énzymes or hormones are inflyencing the rate of 14C-glycine 1ncor-
poration byhscales.

A sec’;md hypothesis to explain the inve}‘se correl ation of peak

l4c_giycine incorporation with epidermal tMEkness‘!s that there
may be a populati onvof micro-organisms dn the degenerating epidernis,
which netabolised ithe ‘4£—g1ycine during the incubation period
(Cone and Wiles 1984). Theve was a substantial reduction in the rate
of incorporation of 1‘C—g\yc|ne in scales fncubated with puromycin * (
at the end of July (Table ﬂ' suggesting that there was a high level of
protein synthesis in non-scale tissue while the epidermis was 1in poor
condition. By midOctober another inhibitor of prokaryote protein
synthesis, t}o1nramheh{co\ produced no significant reductfon 1n incor-
porat!cn rate, which suggested that tfie level of prokarym lac.-
glycine |ncorvnratwn was -reduiced when the epfdermis reqenerated.
' Shni’larly, cyclghexmide prodiced a'high Tevel -of inhibition 1n lgle
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July, but had no significant éffect in mid-October (Figure 14a), when
the epidermis had regenerated.
The observation that all inhibition of protein’synthesis occurred

only ineehe posterior scale portion (Table 3) may support the hypothe-

. sis that’scme of -the seasonal 14C-glycine incorporation can be

v attributeﬂ to nun—sca'le tlssug_lncorporation However, a. higher con-

centration of InMMtor may he required to ‘influence anterior scale
1ncorporatinn than is required, to influence the posterior scale incor-s
ﬂ‘q’rat!nn, G.oo'li'sh and Adelman (1983) achieved a much higher degree of
inhibition of whole scale incorporation when cycloheximide was employed
at 5-100 times the concentration used in this study.

The maximum inhibition of 14C incorporation produced by both
types of protein sync‘hesls 1nhib|_to.r! in July, wes less than 50% and a
combination of inhibitors produced no 1ncr‘ease‘ 1n'trhe Tevel of inhibi-
tion (Table 3). Th_e molecular incorporation results indicate that
almost 40% of "fncorporated" 14C-glycine remained in the "free
glycine" fraction (Table 4), and therefore this proportion could not be
nffectedlg_y either the prokaryote or eukaryote inhibitors of protein
biosynthes1s. * ' .

The degeneration of wITr flounder epidermis in late summer

Appeared to be responsible for the pedk rates of 14C-glyc1ne incor-

' poration that occurred at the same time. Such a drnmtio event may

overs‘hndou a relationship between growth and 1ncorpurni{on in the

scale. The resultg o‘fv the molecular uptake experiments showed that the

- 14c-glycine was absorbed by the scale, and some was Incqrpornted

into collagen molecules {Table 4). Anterior scale portions averaged
N

11% of total l4c 1ncorporated 1nto';‘cdl1agaﬁ" ‘molecules. This

»



va'lug may represent collagen synthesized at the growing edge of the
scale, but prnbalfl‘y includes synthesis of cc’llagen.fibres in ‘the under-
lyiﬁg fibrillary plate, def increases in thickness as the sc_a1g qrows
(Fourta 1979). | The highest proportion of 14¢ assoc;atéd with colla-

gen molecules, 1n the September poster!nr scale samp'les coincided with
regeneration of the ep1demis. Thus, even 14C incorporation into
scale collagen molecules 1n whnﬂe scales issnot necessarny a rgf\ec—
ion of the (nst‘antaneous growth rate uf\—éhe scale.

3 Most incorporated 14¢ was nué’associated with any molecules
within the scale: an average 36% was in the "free glycine" fractions,
and 2% in molecules of less than 2 500 MW. There was evidence of
seasonal variation in the distribution of 14c-g’|yc|ne in the *

scales. Scales sampléd in Jaml_avy had comparatively more incorporation
as "free glycine and small molecules”, while in July -and September
there was more incorporation into larger molecular weight mu'lecu’les'
(Table 4). This suggests a more active protein synthesis occurs in
both anterior and posterior scales durlng ummr months, which may
reflect growth or temperature effects. Hore sampling, and identifica-
tion of collagen precursor molecules, may clarify the re1at10nsh1p
between scale grwtn and 14c-g1ycine 1ncorporation.

The, metahn'l(c processes of 1ncorporat‘|on and .protein synthes1s
were influenced by temperature, but this influence was not consistent
throughout the year. Adelman (1980) and Smagula and Adelman (1982)
reported te;hperathre effects which were correlated to acclimation
temperature of ,the' fish, and suggesped that the megnbo\ic processes
invo1veq may be temerutureccompensat'ing: warm-acclimated fish scales

) . L ]
incubated at low temperatures showed a large detrease in incorporation;

nt
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while cold-acclimated scales showed less change. Kent and Prosser

(1980) found temperature in protein hesis of Tiver

cells from green sunfish (Lepomis cyanellus). In this study, 14¢
incorporation at a fixed temperature did not covary with ambient
temperature. An examination of the Qjg results, however, sugge‘sts
that_higher Qjo values were obtained for warm-acclimated fish, and
Tower values for cold-acclimated fish (Table 2). This would be consis- .
tent with the results of Adelman (1980) and Smagula and Adelman (1982).
Temperature compensation in scale protein synthesis could mean that the
incubations at 10°C in this study were net comparable throughout the
year, as summer 14C incorporation va'ln\es would be suppre"ss’ed and
winter values elevated. Further, the standard incubation temperature
of 10°C was probably below the temperature required for optimal incor-
pu;'it‘lon rates, as fncorporation was consistently greater at 15°C, ‘the
highest temperature tested in the temperature-incorporation experi-
ments. Whether incorporation at ambient temperature or at optimal

terperature provides the best indicator of scale metabdlism, and

.possibly growth, will require further investigation. However; 1&5

apparent that the temperature adjustment based on a,single Qi
employed by Ottaway and Simkiss.(1977a; 1979) is inappropriate to
standardize results.

Finally, vnrhéons 1n the scale glycine pool also influenced the
rate of incorpuration of 14c-glycine, by cha;nghlg the effective
cnn‘centraﬂon of “n-g'lyclne within the scale. The seasonal cycle
in glycine incorporauon'rutes had an overall greater magnitude of

change than the cycle of 14C-glycine incorporation (Flguh 13).

The general pattern of lower winter scale glycine pools and Mghsr



summer pools (Figure 12) is similar to the cycle of glycine in winter
flounder plasma (Squires et al. 1979) although the scale pool values
are lower and mo?e variable. Because changes in the scate glycine poo;
affect the apparent rate of 14C-glycine incorporation, an investi-
gation of factors which influence changes in the scale pool, such as
hormonés which mediate glycine transport and use in Tthe cell, may be -

. valuable in understanding how 14C~g1yc1ne incorporation is related
to scale metabolism and the metabolic status of the fish.

The rate of 140-91yc1ne lncorporition into scales of winter

flounder did not reflect the rate of growth. There was a clear sea-
sonal cycle'e.f 1¢_glycine incorporation into scales, but late
summer peak incorporation occurred several montl\s after the period of
rapid scale growth in the spring and 1;|Jcreases in body length in early: '
summer. Instead of reflecting scale growth, the cycle of 14c.
‘glycine incorporation was coincident with a seasonal cycle of epidermal
degeneration and regeneration. The peaks in 14C incorporation whep
the epidermis was thinnest appeared to reflect increased metabolic
rates in the epidgmis in general, and perhapsthe metabolism of
14¢.glycine by a ;wpunthm of microorganisms colonizing the -
degenerating epithelium, .

Although 14C-glycine was incorporated by scales, ver] 1ittle

was lncorporéted into collagen molecules. In both anterior and
posterfor scale portio\ns. an average 381,_ f 1ncorporateq 14¢
remained in the form o 'frée glycine", or\smal] molecules and incor-
poration into "collagen" mo1ecule§ averaged only 13%, The Mghes’t
levels of l4c incnv‘{‘por tion ;nto ':olyagen" were coincident with

1
ghe period of rapid regeneration in the epidermis in the autumn, rather
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th)an the period of rapid scale growth in the spring.

Incorporation of 14C—g1yc1ne into scales ;ppears to be sen-
sitive to more generalized influences than the specific process;s of
scale collagen synthesis, involved in scale growth. In the case of
winter flounder, fac’tors influencing overall ’ep!derma! metabolism
appeared to control the seasonal cycle in 14C incorporation by ‘G_
scales. In other species, factors influencing epidermal metabo]l;m,
and also gengra] protein metabolism of the fish, may affect‘ the rate of
“C-g'lycine incorporation into scales. Because this method is
sensitive to metabolic processes uther than scale collagen synthesis,
14, g'lyclne_tncorporauon into sca1es should not be considered an
index of instantaneous growth rate unless the nfluence of ‘other

anabolic systems can be determined. i
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