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ABSTRACT

A pol ycl onal anti body assay, previously devel oped for
detecting vitellogenins (VIG sex-specific protein precursors to
oocyte yol k) present in the tissues of a percoid tel eost
(tilapia, Oreochrom s nossanbicus), was applied to nuscle tissue
speci nens coll ected from conmmerci ally caught swordfish ( Xi phias
gl adi us) carcasses sanpled at the Honolulu fish auction.

The primary objective of the VIG assay was to qualitatively
determ ne whether vitell ogenins were present in swordfish nuscle
tissue. A further objective, contingent upon positive results
fromthe first, was to evaluate whether relative quantities of
VTG coul d be differentiated between mnuscle tissues of nmale and
femal e swordfish coll ected during spawni ng (March- August) and
nonspawni ng ( Sept enber - February) peri ods.

Results were inconpletely successful. At a mninmm nuscle
tissue of adult femal e swordfish collected during the spawni ng
season contai ned sufficient quantities of VIGfor it to be
detected using the tilapia assay. Further sanpling and chem cal
assays would be required to quantify the effects of sex,
maturity, and season on the anobunts of VIG present in swordfish
muscle tissue. To do so would require the devel opnent of an
anti body assay, preferably nonoclonal, which is specific to
swordfish VIG Devel opnent of a VTG assay specifically for
swordfish is sought because at present it is our only likely
means of identifying the sex of dressed swordfish carcasses,
whi ch provide nost of the |ength-frequency data needed to nonitor
si ze conposition of catch



| NTRODUCTI ON

Adult mal e and fenmal e swordfi sh have apparently different
growth (Uchiyama et al., in press) and perhaps related (Pauly,
1979) natural nortality rates. Mle and fenmal e swordfish al so
likely differ in catchability because of greatly different body
size distributions: e.g., larger femal e swordfish are targeted by
the Hawaii longline fishery (D Nardo and Kwok, in press). For
t hese reasons, sex conposition of the catch is needed as input to
ef fective stock assessnment and managenent of the fishery
(Skillman, in press). Because swordfish are headed and gutted at
sea, however, conventional nethods of sex determ nation are not
possi ble for |anded fish, and the sex of dressed carcasses is not
determ nabl e using other criteria such as fin nenbrane col oration
or the elongation of anal fin rays during the spawni ng season (R
Hunphreys, unpubl. data). Unconventional biochem cal techniques
are required to sex market carcasses of swordfish

One prom sing bi ochem cal approach is screening carcasses
for vitellogenin (VIG, a protein precursor to yolk secreted by
the liver and present in the oocytes and other tissues of fenale
fish and other egg-laying vertebrates (Lee et al., 1992; Lazier
and MacKay, 1993; Specker and Sul livan, 1994; Folmar et al.,
1995). The quantity as well as presence of VIGis inportant,
because the mal es of some species can possess VIG |i ke substances
(Ki shida and Specker, 1993) and because the quantity of VIGin
femal es varies with maturation and stage of the reproductive
cycl e (Specker and Sullivan, 1994). Screening market carcasses
for relative amounts of VTG could in theory provide a sex-
speci fic marker anal ogous to norphol ogically dissimlar
(het eroganetic) sex chronobsones. To date we do not know whet her
sex is genetically or environnmentally determned in swordfish or
I n nost other fishes, so determ ning sex from chronosones, if
possi bl e, would require nore expensive and time-consumn ng
research than devel opi ng a sex-specific protein i nmunoassay.

METHODS AND MATERI ALS
Mar ket Sanpling and Speci nen Col | ection

Fully dressed (headed, eviscerated, and tailed) carcasses of
swordfi sh were sanpled at the Honolulu fish auction. On average,
10 days (estimated range_ 7-21 days) el apsed between capture by
| ongline, cold (-2 to -3 C) storage aboard ship, and the tinme of
of f-1oading at Honolulu. Fish were neasured (eye-to-fork | ength,
EFL, in cm, and sexed based on macroscopi c appearance of gonads
pl us subsequent histol ogical confirmation using a gonad speci nmen
coll ected by a representative of the Hawaii Longline Fishery
bserver Program during the heading and evi scerating procedure
aboard ship. Gonad specinens were preserved in 4% fornal dehyde-



sea water for a mnimumof 2 no. Standard histological slides
(hemat oxylin stain, eosin counterstain) were then prepared and
the slides viewed m croscopically, using the histol ogical
criteria of Hunter and Macew cz (1985) to confirm shi pboard
determ nations of sex. January-February 1995 col |l ections were
consi dered nonspawni ng season; specinmens col | ected during May-
June 1995 were classified as spawni ng season.

As each carcass was tailed at the auction, a ~ 25-g
speci men of muscle tissue was renoved by sterile scal pel fromthe
caudal peduncle region. Each specinen was placed in an
i ndi vi dual plastic bag and stored on ice for transport to the
NVFS Honol ul u Laboratory. Miscle specinens (both white and red
nmuscl e, plus attached connective tissue and skin) were trimed
and frozen at
-20C for 1-6 nmo until shipnment to the University of Rhode Island
for biochem cal anal yses. Specinens were shipped (2-d transit)
in a sealed container on dry ice.

Chem cal Anal yses

The basic prem se tested was whet her swordfish nmuscle tissue
woul d react biochemcally to a polyclonal antibody of
vitell ogenin (VTG, a glycolipophosphoprotein precursor to oocyte
yol k, which had been devel oped previously for the percoid fish,
tilapia (Oreochrom s nossanbi cus), using an enzyne-|inked
I mmunosor bent assay (ELI SA; Specker and Anderson, 1994). The
first step, therefore, was to confirmthat the existing assay
(tilapia VTG antisera) still worked for nuscle sanples taken from
known mal e and female til api a.

Next, the extraction procedure was checked for swordfish
ti ssue specinens: the effects of different buffers (e.g., salt
concentrations, aprotonin, EDTA) were evaluated. The potentia
effect of white versus red nuscle tissue (sanme fish) on VIG
concentration was initially checked. Antisera were devel oped and
screened for the highest affinity (reactivity or "binding”) to
the tilapia VIG antisera. Several swordfish specinmens of known
sex (both male and fenmale) were then tested to confirmthat
bi ndings for male and fenale swordfish were different. Finally,
extracts of swordfish tissue speci nens of unknown sex were tested
and eval uated using the tilapia VIG antiserum sex was classified
by magni tude of percentage binding and sl ope of serial dilutions
of extract conpared with the slope of the standard curve.



RESULTS AND DI SCUSSI ON
Extraction Procedures

Extraction was conplicated by the presence of skin and
connective tissue in the nuscle specinmens provided for the assay.
Muscl e tissue had to be further separated fromthese ot her
ti ssues, as connective tissue in particular nmade extracts gunmy.
Most tissue specinens included both red and white nuscle, as it
was initially suspected that these two types of nuscle m ght
contain different concentrations of VTG The two nuscle types
did not differ, based on within-fish conparisons for two known-
sex swordfish (one nale and one fenale).

Antisera Affinity in Swordfish

Swor dfish antisera to the polyclonal antibodi es devel oped
against tilapia VIG bound with varying affinities because of
several factors. Binding affinity differed at | east
qualitatively for sanples of male and femal e swordfish. Seria
dilution of extracts fromknown nales did not displace tilapia
VTG but serial dilutions of known femal e extracts did displace
tilapia VIGin a dose-dependent manner (Fig. 1).

Screening the reactivities of swordfish tissue unknowns was
not conpletely successful. Reactivities of swordfish nmuscle
tissue varied greatly anong fish of the sanme sex. As a result,
one-third (nmal es) and nore than one-half (fenales) of the sex
determ nati ons based on histol ogy were m sclassified by the ELISA
assay, even though the cross-classification was not statistically
i ndependent (2 x 2 Contingency x® test, 0.05 > P > 0.25; Zar,
1984, p. 62; Table 1). This, in part, mght have reflected the
I nsensitivity of the swordfish antisera to tilapia VIG It is
reasonabl e that cross-reactivities between swordfish and til api a
VTGs woul d be weak, given the diversity of vitellogenins present
in perciformfishes (Lee et al., 1992).

Sex effects on reactivities were likely further obscured by
body size and tine of year. Sane-sex fish (confirnmed by
hi stol ogy to include i mmatures through [ arge nmature adults)
varied greatly in body size and season of collection (including
spawni ng and nonspawni ng seasons). Both maturation and
reproductive state are known to influence VTG concentration
(Specker and Sullivan, 1994). Hence, |arger sanple sizes would
be required to sinultaneously quantify the effects of nmaturation
(immature, mature) and reproductive activity (spawning,
nonspawni ng) for males and femal es, after a direct assay for
swordfish VTG has been devel oped.



CONCLUSI ONS AND RECOMVENDATI ONS

Results of these initial tests of unknown-sex swordfish
ti ssues suggest that swordfish nmuscle tissue contains VIG (or
VTG |l i ke |ipoproteins) against which antisera could be devel oped
and used in an i munoassay to identify the sex of individual
fish. The assay woul d have to be devel oped specifically for
swordfish in order to increase the antiserumbinding affinity and
sensitivity of the test. Thus, swordfish VTG would have to be
purified fromswordfish plasma. The best approach to take would
be to devel op both specific nonoclonal (mAB) and pol ycl ona
anti bodies to swordfish VIG Each approach has its positive and
negati ve aspects. Developing a specific mAB m ght be nore
difficult or costly in the short term but could produce an assay
whi ch woul d provide the parent culture necessary to generate al
subsequent productions of the assay. Polyclonal antibodies m ght
initially be easier to produce but would require that the
guantity of assay initially produced be sufficient for al
subsequent applications of the assay. A specific assay would
have to be developed to identify the sex of swordfish carcasses
W th acceptabl e accuracy for stock assessnent needs. Once
successful ly devel oped, the assay would have to be applied on a
production | evel to screen |arge nunbers of swordfish carcasses
at auction on a continuing, |ong-term basis.

A recent study by Heppel et al. (1995) indicates that a mAB
to a generic section of the tel eost VIG nol ecul e has al ready been
devel oped. Arrangenents are presently being made to eval uate the
suitability of this assay as one potentially nore sensitive
approach to screening the sex of dressed swordfish carcasses.

ACKNONLEDGVENTS

W thank HW WIlianms, who diligently sanpled nuscle tissues
of fish at the Honolulu fish auction and prepared the sanples for
shi ppi ng, and E. Yamanoha, Pathol ogy Departnent, Queen's Medi cal
Center, Honolulu, who ably supervised the histol ogical work. W
acknow edge the expertise of Dr. Mtsuyo Kishida and Robert
Bartel in conducting the biochem cal work. W also thank
C. Boggs and R Hunphreys for constructive criticisnms of the
manuscri pt.



REFERENCES

D Nardo, G N., and W Kwok.
In press. Spatiotenporal dynam cs of swordfish Xi phias
gl adius) landings in the Hawaii-based North Pacific
pel agic longline fishery. In: 1. Barrett (ed.), Procs.
First Internat. Swordfish Synp., Ensenada, Mexi co.
Decenber, 1994. NMS Tech Rep.

Folmar, L. C., N. D. Denslow, R A Wllace, G LaFl eur
T. S. Goss, S Bononelli, and C. V. Sullivan.
1995. A highly conserved N-term nal sequence for teleost
vitellognin with potential value to the biochemstry,
nol ecul ar bi ol ogy and pat hol ogy of vitellogenesis. J.
Fish Biol. 46:255-263.

Heppel, M, N D. Denslow, I. C. Folmar, and C. V. Sullivan
1995. Universal vertebrate vitell ogenin antibodies. P. 363
In:. F. Goetz and P. Thomas (eds.), Proc. 5th Internat.
Synp. Reproductive Physiology of Fish. Univ. TX at
Austin, July 2-8, 1995. Fish Synposium 95, Austin.

Hunter, J. R, and B. J. Macew cz.

1985. Measurenent of spawning frequency in multiple
spawning fishes. Pp. 79-94 In: R Lasker (ed.), An egg
production nmethod for estimating spawni ng bi omass of
pel agic fish: application to the northern anchovy,
Engraulis nordax. NOAA Tech. Rep. NWMFS 36. Decenber,
1985.

Kishida, M, and J. L. Specker.
1993. Vitellogenin in tilapia (O eochrom s nossanbicus:
I nduction of two forns by estradiol, quantification in the
pl asma and characterization in oocyte extract. Fish
Physi ol . Biochem 12:171-182.

Lazier, C B., and M E. MacKay.
1993. Vitellogenin gene expression in teleost fish. Pp.
391-405 In: P. W Hochachka and T. P. Mommsen (eds.),
Bi ochem stry and Mol ecul ar Bi ol ogy of Fishes, vol. 2,
El sevi er, Ansterdam

Lee, K B. H, E H Lim T. J. Lam and J. L. Ding.
1992. Vitellogenin diversity in the Percifornes. J. Exp.
Zool . 264: 100- 106.

Paul y, D.
1979. On the interrel ationshi ps between natural nortality,
grow h paraneters and nean environnental tenperature in
173 fish stocks. J. Cons. int. Explor. Mer 39:175-192.



Skillman, R S
In press. Review of Central Pacific swordfish fishery
devel opnent, biol ogy, and research devel opnent. In: 1.
Barrett (ed.), Procs. First Internat. Swordfish Synp.,
Ensenada, Mexi co. Decenber, 1994. NWS Tech. Rep

Specker, J. L., and T. R Anderson.

1994. Devel oping an ELI SA for a nodel protein--
vitellogenin. Pp. 567-578 In: P.W Hochachka and T. P.
Monmmsen (eds.), Biochem stry and Mol ecul ar Bi ol ogy of
Fi shes, vol. 3. Elsevier, Ansterdam

Specker, J. L., and C. V. Sullivan.
1994. Vitellogenesis in fishes: status and perspectives.
Pp. 304-315 In: K G Davey, RE. Peter, and S.S. Tobe
(eds.), Perspectives in Endocrinology. National Research
Counci |, Otawa.

Uchiyama, J. H, R S. Skillman, J. D. Sanpaga, and E. E
DeMartini .

In press. A prelimnary assessnent of hard parts for ageing
of North Pacific swordfish, X phias gladius. In: |
Barrett (ed.), Procs. First Internat. Swordfish Synp.,
Ensenada, Mexico. Decenber, 1994. NWS Tech Rep

Zar, J. H
1984. Biostatistical analysis. 2nd edition. Prentice-
Hal |, Englewood diffs, N J.



Table 1.--Results of sex determ nations of swordfish ( Xi phias
gl adi us) nmarket carcasses based on the results of VIG
peduncl e nuscl e tissue versus

(ELI SA) assays of cauda
hi st ol ogi cal
S = Spawni ng;

exam nati on of gonad tissue.
NS = NonSpawni ng.

i ncorrect assay determ nation; _
a v indicates a specimen of known sex
used for assay calibration.

uncertai n assay;

Peri od:

An * flags an

a (?) denotes an

Sex as determ ned by

Speci nen Day- Mo- Yr Peri od EFL

nunber col | ected (S, NS) in cm ELISA assay
LEV-171 05Jan95 NS 104 femal e
LEV-175 11Jan95 NS 203 femal e
LEV-177 11Jan95 NS 190 femal e
LEV-179 11Jan95 NS 182 femal e
LEV- 194 12Jan95 NS 209 mal e

LEV- 258 16Jan95 NS 220 femal e
JED- 086 0O5Feb95 NS 165 mal e
JED- 088 05Feb95 NS 164 mal e
ADP- 365 13Feb95 NS 215 mal e
ADP- 386 14Feb95 NS 184 mal e
ADP- 390 14Feb95 NS 196 mal e
ADP- 396 14Feb95 NS 219 mal e
ADP- 407 15Feb95 NS 196 femal e(?)
ADP- 412 15Feb95 NS 203 mal e( ?)
ADP- 431 17Feb95 NS 181 mal e
ADP- 435 18Feb95 NS 172 mal e
ADP- 439 18Feb95 NS 189 mal e
ADP- 455 19Feb95 NS 191 femal e
ADP- 462 19Feb95 NS 180 mal e
ADP- 471 20Feb95 NS 127 (fe)ymal e(?)
ADP- 475 20Feb95 NS 138 mal e
ADP- 479 20Feb95 NS 211 femal e
ADP- 488 21Feb95 NS 168 mal e
ADP- 491 21Feb95 NS 185 femal e
ADP- 508 23Feb95 NS 203 femal e(?)
JED- 322 13May95 S 212 femal e
JED- 323 16May95 S 118 mal e
JED- 335 19May95 S 127 mal e
JED- 340 20May 95 S 133 mal e
JED- 342 20May 95 S 132 femal e
JED- 344 21May 95 S 127 mal e
JED- 346 21May 95 S 134 mal e
JED- 349 22May 95 S 198 femal e(?)
LEV- 515 05Jun95 S 221 mal e

LEV- 524 06Jun95 S 125 mal e

LEV- 525 06Jun95 S 166 femal e
LEV- 528 06Jun95 S 126 mal e

LEV- 529 06Jun95 S 151 mal e
LEV-531 07Jun95 S 148 femal e
LEV- 535 08Jun95 S 131 mal e

Hi st ol ogy

femal e
femal e
femal e
femal e
femal e
femal e
femal e
femal e
femal e
mal e
mal e
mal e
mal e
femal e
mal e
mal e
mal e
femal e
mal e
mal e
femal e
mal e
mal e
mal e
femal e
fenrale v
[l ost]
femal e
femal e
mal e
mal e
mal e
female v
femal e
mal e
femal e
mal e
male v
femal e
male v



Tabl e 1.--Conti nued.

Sex as determ ned by

Speci nmen Day- Mo- Yr Peri od EFL

nunber col | ected (S, NS) in cm ELISA assay
LEV- 540 09Jun95 S 137 * femal e(?)
LEV- 542 09Jun95 S 149 femal e
LEV- 546 11Jun95 S 158 mal e( ?)
LEV- 563 12Jun95 S 161 mal e
LEV- 569 13Jun95 S 125 mal e
LEV-571 13Jun95 S 163 femal e
LEV-577 13Jun95 S 167 * female
LEV- 582 15Jun95 S 115 * female
LEV- 583 15Jun95 S 147 * femal e(?)
LEV- 587 16Jun95 S 162 * femal e

Hi st ol ogy

mal e
femal e
mal e
mal e
mal e
fenrale v
male v
mal e
mal e
male v






