creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804:21031-200000338813

oAb A AL S R

CASA system= ©]-&3%F Wdo] Az}
A Bt

2020 84

-z
o,
=
£
=l
=

o
{o

ol
>
et
(il

o
)



9 = E

=

oF

A 2}

=

oF

}

A
jul

PN
T

Bapo] ]

o

ojo

ol

S
=

CASA system

o
=

(-
E!
1

o

X

ol
g
HJ

7}

3
}g = St

2020



2020
W 84 282
2

o (e}
4 er Z}F
Rt o

ol

~
_#O_l

—_
<

A

-
~
_#O_l

—_
<

A



Evaluation of sperm quality in Anguilla japonica using computer—assisted

sperm analysis (CASA) system

HanSik Kim

Department of Fisheries Biology, The Graduated School,

Pukyong National University

Abstract

Anguilla japonica is an important eel species in the aquaculture industry of
Asia, especially in Korea. However, techniques for the industrialization are still
not completed all over the world. Healthy gametes, including egg and sperm,
are essential to accomplish the stable seed production in any aquaculture
systems that involves evaluation of the healthy gametes with suitable
parameters and improvement of the quality. In this study, the factors to
evaluate the quality of eel sperm were investigated using CASA system, and
try to provide effective formula for artificial seminal plasma by regulation of
inorganic composition.

Sperm samples were first divided into four groups, (A) 0-10%, (B) 10-40%,
(C) 40-70%, and (D) 0-100%, based on motility and progressive. In the
observation of sperm velocity variations, curve motion velocity which is VCL

showed significantly highest values in all groups, moreover the relative



correlations with progressive and the velocity factors revealed strong as
positive relations. The directional factor, BCF which is beat cross frequency
was lower in higher activation groups showing opposite correlation with sperm
activity. And the highest VCL and lowest BCF values were 207.1 pm/s and
43.35 Hz, respectively. The head sizes of spermatozoa in high activity groups were
significantly bigger than lower active groups. Although several minerals showed
significant variations with the changes of sperm activity, the Na" and K ions were
assumed important to be principal inorganic elements of seminal plasma in this
species. Furthermore, the regulation of the elements in artificial seminal plasma
presented effective formula improved than the existing composition, exhibiting
composition of Na 120 mM and K 40 mM when preserve the sperm for a short
time, and Na 120 mM and K 30 mM for long time. The results of this study
establish the indicators for evaluation of eel sperm quality, moreover suggests
novel compositions for the artificial seminal plasma which is probably useful to

produce the healthy seeds for aquaculture industry.
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Table 1. Software setup information for CASA sSystem. seeeeeeeeeeeeeeeeen 9

Table 2. Regulation of Ca® in formula for eel’s artificial seminal plasma.
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. Relative correlations with several sperm velocity factors and

sperm activity groups. Motile and progressive groups
classified as follows, (A) 0-10%, (B) 10-40%, (C) 40-70%,
(D) 70_100% ....................................................................................... 21

. Comparisons of sperm directional factors (ALH: amplitude of

lateral head displacement, BCF: beat cross frequency, LIN:
linearity, STR: straightness) with motile and progressive
groups divided into (A) 0-10%, (B) 10-40%, (C) 40-70% and
(D) TO-1000G, wrrreerssessessessmssssssssssssssinsssssssssssssssssssssssssss s sssssssssssans 23
Ionic composition in seminal plasma of Anguilla japonica
evaluated with motile (Mot) activity groups following, (A)
0-10%, (B) 10-40%, (C) 40-70% and (D) 70-100%. «weeeeeee: 30



Figure 1. Illustration of spermatozoa trajectory computed by CASA

Figure 2. Observation of eel sperm activity under CASA system. Sperm
motility @ (A) 0-10%, (B) 10-40%, (C) 40-70%, (D)
TO-T100E, -wewrrrrreeersessssssmssssmnssssnsasssssesssssssesisss s sses s ssssaes e ssasaesesseens ]
Figure 3. Comparisons of sperm velocity factors (VAP: average path
velocity, VSL: straight line velocity, VCL: -curvilinear
velocity) with motile and progressive groups divided into
(A) 0-10%, (B) 10-40%, (C) 40-70% and (D) 70-100%. ---- 20
Figure 4. Comparisons of spermatozoa head height with motile and
progressive groups divided into (A) 0-10%, (B) 10-40%, (C)
40%70% aiid (D) T0-10008 - e eecesionenee Moot 25
Figure 5. Comparisons of spermatozoa head width with motile and
progressive groups divided into (A) 0-10%, (B) 10-40%, (C)
40-70% and (D) TO-1009, -+ wsweerserserssessmssmssmsssssssssssssssnsssssssssasnees %
Figure 6. Comparisons of spermatozoa head perimeter with motile and
progressive groups divided into (A) 0-10%, (B) 10-40%, (C)
40-70% and (D) TO-10098, -+wsreerserserssessessmssmssssssssssssensssssssssasnnes 7
Figure 7. Comparisons of spermatozoa head area with motile and
progressive groups divided into (A) 0-10%, (B) 10-40%, (C)
40-70% and (D) TO-1009G, -+ wsrerserserssessmssmssmsssssssssssssensesssssssasness 28

Figure 8. Effects of variations in concentration of Ca* ions composed in
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artificial seminal plasma with several sperm activity
parameters for 7 days. s 32
Figure 9. Effects of variations in concentration of Mg®' ions composed
in artificial seminal plasma with several sperm activity
parameters for 7 days. wee e 34
Figure 10. Effects of variations in concentration of Na' ions composed
in artificial seminal plasma with several sperm activity
parameters for 7 days. e 36
Figure 11. Effects of variations in concentration of K" ions composed in
artificial seminal plasma with several sperm activity

parameters for 7 dayS. ................................................................. 38
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3. CASA systemS o] &3 WiZo] AR A EA
. gRAR BA

Azre] A BEXoE CASA system (IVOS-II, Hamilton throne,
USA)S o] &3ttt AAdE AdHE 2 pLE Do 1 mLe &4 FE4(450
mM NaCl, 20 mM Hepes, pH 7.5, Ohta and Izawa, 1996)°] 5008} H]& =
s|Aste] Jzke] A4S FEskATh @] fFEd GAE 2 pLE 20 ym
ole] AAPAE slide (Leja, USA) 2ol 152 ool % 589 2
of d4& FAHstF e, ZF 3 whE SA et Hagks ol &kt

3}

CASA systemo® #I=% AR 5 Mot (motility, %), Prog

N

ol
-

(progressive motility, %), VAP (average path velocity, pm/s), VSL
(straight line wvelocity, pm/s), VCL (curvilinear velocity, um/s), ALH
(amplitude of lateral head displacement, um), LIN (linearity VSL/VCL,
%), STR (straightness VSL/VAP, %), BCF (beat cross frequency, Hz)
g Fa HURIAEA ARESATHFig. ). $4 724 AN AEe v
2 AREFH A= A ®EAAA] Mot ¥ Prog #S 7lFo®E (A)
0-10%, (B) 10-40%, (C) 40-70%, (D) 70-100%< 4719 73k
VAP, VSL, VCL, ALH, LIN, STR, BCF gt#e da4d& ®BAsact
(Fig. 2).

CASA systemol| A &&3F LZEojo] HA-L Table 1o YEFN AT



VCL

Figure 1. Illustration of spermatozoa trajectory
computed by CASA system. VAP, average path
velocity; VSL, straight line velocity; VCL, curvilinear
velocity, ALH, amplitude of lateral head displacement.



Figure 2. Observation of eel sperm activity under CASA system. Sperm
motility : (A) 0-10%, (B) 10-40%, (C) 40-70%, (D) 70-100%. Status :
Green(progressive), Purple(slow), Red(static) spermatozoon.



Table 1. Software setup information for CASA system.

Capture speed 60 Hz
Intensity visible 2337
Progressive STR 45 %
Progressive VAP 45 pym/s
Slow VAP 20 pm/s
Slow VSL 30 pm/s
Static VAP 4 uym/s
Static VSL 1 ym/s
DMR droplet to tail end max 5 ym
DMR tali length max 5 pm
Droplet proximal head length 20 pm
Elongation max 100 %
elongation min 1 %
Head size max 40 pm®
Head size min 3 pm?




. A 2498 FEEE 24

Wogol Aol FEjsHy 412 CASA systemo = #HYPH 2z qls vl
goz Ayt 7 AlsE Mot ¥ Prog FAEE 7502 (A)
0-10%, (B) 10-40%, (C) 40-70%, (D) 70-100%°] 471F 0% Falo]
Al e ztolE wlustdth. we Zb =z Qe AAES A9
(Static) 7HAl5 R Z& 2 A (Motile) /HAE= 738k L& H(Inter) R
ofyel ZF(Intra)ol Aol = &Add weE FH4 Aols FHATL
A FHors AR FHe Zo], xo], ¥, WA A=A

54 = A WA AoA 10719 HAAS oz Meldto] 30 wtEown =

3042 =430,
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Wl Aol BuE AR At AL FEel wa 1A

< 93t Mot #= 722 (A) 0-10%, (B) 10-40%, (C) 40-70%, (D)

70-100% 417 o= &7kl A RS FHSAT. FE AF9e 51

1 uLE 10 mLe DWell sA4&te] 1:100009] Hl&=2 45 HaatdaL, o]
ool Frlda(ZE, Za, vtvlsE, 78, &, ofd)= A 10 uLE 10
mL® DWel 3]A&ke] 1:10009] Hl&2 FAstAT 2 49 ZFAE
(standard)= Al&H I A= YEF(AANAIL, inorganic ventures, USA),
ZH& (AAKI, inorganic ventures, USA), Z%(AACAI, inorganic ventures,
USA), vlz2v5(AAMG], inorganic ventures, USA), T2 (AACU]L,
inorganic ventures, USA), #E(AAFEl, inorganic ventures, USA), o}
(AAZN1, inorganic ventures, USA)= o83}t A& sHA Ao whe} v}
IJdlg, 2, 78, 2, ofd2 01, 05, 1.0 ppmS 7|Eo 2 &
3t9lal, YES, 252 05 10, 1.5 ppm 7|+ 2 289}
2 vlavlEF 2852 nm, ZF 4227 nm, YEF 589.0 nm, ZH 7665 nm,

T2 324.8 nm, E 2483 nm, o} 213.9 nmeo] At}
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Table 2. Regulation of Ca® in formula for eel’s artificial seminal plasma.

Group Ton composition pH
0 mM NaCl 149.3 mM, KCI1 15.2 mM, MgCl; 1.6 mM, CaCles 0 mM, NaHCO3; 20 mM 8.2
2 mM NaCl 149.3 mM, KCI1 15.2 mM, MgCl, 1.6 mM, CaCls 2 mM, NaHCO3; 20 mM 8.2
4 mM NaCl 149.3 mM, KCIl 152 mM, MgCl, 1.6 mM, CaCls 4 mM, NaHCO3; 20 mM 8.2
Table 3. Regulation of Mg?" in formula for eel’s artificial seminal plasma.
Group Ion composition pH
0 mM NaCl 149.3 mM, KCI 15.2 mM, MgCl; 0 mM, CaCl; 1.3 mM, NaHCO3 20 mM 8.2
2 mM NaCl 149.3 mM, KCI 15.2 mM, MgCl; 2 mM, CaCl; 1.3 mM, NaHCO3 20 mM 8.2
4 mM NaCl 149.3 mM, KCI 15.2 mM, MgCl; 4 mM, CaCl; 1.3 mM, NaHCO3 20 mM 8.2
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Table 4. Regulation of Na“ in formula for eel’s artificial seminal plasma.

Group Ton composition pH
120 mM NaCl 120 mM, KCl 182 mM, MgCl, 1 mM, CaCl; 1 mM, NaHCO;3; 20 mM 8.2
130 mM NaCl 130 mM, KCI 182 mM, MgCl, 1 mM, CaCl: 1 mM, NaHCO3; 20 mM 8.2
140 mM NaCl 140 mM, KCl 182 mM, MgCl, 1 mM, CaCl: 1 mM, NaHCO3; 20 mM 8.2
150 mM NaCl 150 mM, KCl 182 mM, MgCl, 1 mM, CaCl, 1 mM, NaHCO;3; 20 mM 8.2
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Table 5. Regulation of K" in formula for eel’s artificial seminal plasma.

Group Ton composition pH
10 mM NaCl 120 mM, KC1 10 mM, MgCl, 1 mM, CaCl, 1 mM, NaHCO3; 20 mM 8.2
20 mM NaCl 120 mM, KC1 20 mM, MgCl; 1 mM, CaCl, 1 mM, NaHCO3; 20 mM 8.2
30 mM NaCl 120 mM, KC1 30 mM, MgCl: 1 mM, CaCl, 1 mM, NaHCO3; 20 mM 8.2
40 mM NaCl 120 mM, KC1 40 mM, MgCl, 1 mM, CaCl, 1 mM, NaHCO3 20 mM 8.2
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7y Fo19Aae] 24 dAdWst 4SS fstd AFE AdF3AFA 98
mLel|l x{3 s AFd 200 pLE 1:509] vl &= 3|A7] & 4T d&ate] H
5kt HE 20, 1, 3,5, 797 5Ysk Az CASA system (IVOS-

)< ol&ste] £45 APt &4 A e84 50 pLE 450 plo

_rC_)'_
A= sk vkel 2ol 20 yme S48 slide (Leja, USA)E ©] &3t 15
o] Z

Z ool % 549 Zude BIW ¥ BASYH, 7 3 wE 243
of FEZL olAYh 9 FEI AL A system UYL §71%
FAstet
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5. FAAH

SARE HarRTLAE UEHeH, §F94 FdES flske] SPSS
software ver. 18.0 (SPSS inc., USA)E ©]&3}%] One-way ANOVA test
= AR SEAA AAS 98] Levene tests AA|3E & SR Ao

7FE e W Tukey HSD= A4S HAAelaL, S24to]l 7H 5 4]

9kokS u] Dunnett T3E A7 A 3L H tH(p<0.05).
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m 2 3

1. CASA system= &3 9o Aol A H7}

A} eE&d W3
date] &457E A T WA AAe &S AT A= Fig. 3
I 2ok Mot 7lseoz2 Aol v A9t B 179 VAPw 428 £ 6.1
m/s, VSL<2 308 £ 53 um/s, VCL< 1040 £ 141 um/s9 &€& YEy
ok #4ge] &2 Co D ZFolAE VAP 752 + 33 um/s, VSL 59.8 +
34 um/s, VCL 166.1 = 3.0 um/s® YEWT. Prog 7|02 &Ao] v
2 A9 B 19 VAPE 526 + 9.1 pm/s, VSL 396 = 7.9 um/s, VCL
1266 + 114 nym/s$ioH, &Aool =2 C¢ D 7oA = VAP 1203 + 25
um/s, VSL 1049 + 3.0 pm/s, VCL 190.8 + 2.8 pym/s® Mot} Prog 7]+

o2 EFF Iu BT &4o] Tl wEt &553(VAP, VSL, VCL)

)
AAA o= 7 e,
Mot} Prog o2 ¥Fso12 2t 84 1FEW £55Y ANER

FRBAE ST Ay Table 63 2o Mot 7|0l = &4do] 7H

_—

IFETY Progs 7|Fo® /3 150
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250 -

oA (0~10%)
oB (10~40%)
200 - @c (40~70%)
- D (70~100%)
o
2 150
2
=
S 100
S
50
0
250 oA (0~10%)
aB (10~40%)
200 - 5 (40~70%)
= @D (70~100%)
[-+]
» 150
2
=
§ 100
=
50
0 T
VAP VSL VCL
Prog

Figure 3. Comparisons of sperm velocity factors (VAP: average path
velocity, VSL: straight line velocity, VCL: curvilinear velocity) with
motile and progressive groups divided into (A) 0-10%, (B) 10-40%, (C)
40-70% and (D) 70-100%. Data are expressed as meantSEM. Different
letters indicate significant differences (p<0.05).
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Table 6. Relative correlations with several sperm velocity factors and sperm activity groups. Motile and
progressive groups classified as follows, (A) 0-10%, (B) 10-40%, (C) 40-70%, (D) 70-100%. E : Equilibrium, + :
positive, — : negative.

Mot Prog
A B C D A B C D
VAP +++ ——— =1 +++ ++ + 4 ++ +++
VSL ++ ——— - ++ + ++ + 4+ ++ ++
VCL +4++ —— +++ +++ £+ + +++ E ++

_21_



AApeA] B9 wrgkA 91291 ALH, BCF, LIN, STRE ZA3 Ay
Table 7¢] YEFWUT Mot &4 71 ZFolA ALH #2 @4d0] Fob4
F= FostA SR 2 (p<0.05), BCF ¥ LIN, STR #< BRE I1F
oAlA frelg Aozt YERA] & ktH(p>0.05). Prog +54 715 LaelA
ALH & ZAo] e ATFolA 42 + 03 pm=z 7F weka, &4 o]

0.1 um= 7H¢ &2 3§ el @] Eoldp
Z oA Frtehe A FS EAH(p<0.05). LIN9®t STRS &40 &2
DIENA 644 = 08%, 873 = 04% % 7F4 =A vewton ALHO %
dstA Aol =&EFE FYsA Sl A IS EFUTHP<0.05). v

H, BCF= &A4¢] 2 D1FclA 434 £ 0.7 Hz2 FYstA 71 2

<=

=2 DIEOA 54 +
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Table 7. Comparisons of sperm directional factors (ALH: amplitude of lateral head displacement, BCF: beat cross
frequency, LIN: linearity, STR: straightness) with motile and progressive groups divided into (A) 0-10%, (B) 10-40%,
EC) 40—)70% and (D) 70-100%. Data are expressed as meantSEM. Different letters indicate significant differences
p<0.05).

Mot Prog

A B C D A B C D
ALH(um) 4.03x0.27° 4.25%0.22° 507+0.09" 5.44+0.14° 4.15+0.32°  4.87+0.18™ 5.22+0.06"  5.40+0.07"
BCF(Hz) 67.3+11.85" 54.88+5.16" 73.20£9.05" 56.19+3.73% 55.12+6.41"  64.44+511* 55.60+4.20* 43.35+0.74
LIN(%) 39.68+4.31*  40.42+4*  34.86+2.18" 41.96+3.30° 41.06£3.97°  35.30+1.92° 4451+2.88" 64.36+0.79
STR(%) 67.96+3.44" 69.89+3.32" 66.4+2.69"  71.84+1.75 70.37+2.19% 67.34+2.41" 7553+1.820 87.31+0.43
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Aol dHE AT A= 7 F&Eed wet Figs. 4-704 UEHH
Mot #8544 IwolAes FH5H<9 Fole static AA7F 395 = 013 um,
motile A A7} 427 + 0.16 pmolR o™, =& static AA7F 255 £ 0.05 1
m, motile A7} 270 + 0.09 ym& motile BA7F = A YEbTh o)9h 2
o] = static A7} 11.19 £ 0.23 pm, motile A A7F 12.11 + 0.40 um
ojlom, WAL static A7} 7.34 + 031 pum’ motile FA7F 853 +
055 ym’Z motile A A}7} static AARTE =o] % S, Yol BF H9
sHAl =& s UERH A TH(p<0.05).

Prog 54 ZFoA= Aol ¥ Adw3d B9l static HAH

T Eol= 377 £ 0.09 um, %2 251 £ 005 um, 9= 1094 + 0.20 p

m, 5olE 711 + 026 pm’e 2 YEYO W, motile AAe] FH o=
437 £ 0.13 pm, =2 270 £ 0.08 ym, =d+= 1229 + 033 um, %o+

+

864 + 047 nm’2 Mot &54 713 FU3HA motile FAFNA &2 gk
of FAHAH. &Aool & Cau¥ DIAFAAE static AAS] Eol=
393 = 0.12 ym, % 260 + 0.12 ym, =3 11.34 + 0.36 um, 5°] 7.69 *
057 ym’e.2 Yebon motile A FH o] 457 + 0.19 um, &
290 + 0.10 ym, £ 12.83 + 0.60 ym, ol 962 + 090 ym*Z static 4
AR 25 Fo5hA =2 #e YER I tH(p<0.05). motile A7} static
AART gol, FH = Wole JEF SAAA EF FoeA w2 #e
e oW (p<0.05), &0l Eotdas AR 459 A7|7F Frtste A

= & 7 Al
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™ (p<0.05), &Aool HolAFE
Aashs AFe morh ZedEde DaFA 95 £ 03 mMo M

E%ow, 4ol FE AdFolA 49 £ 06 mMOE FYeA Fe e

6.3 £ 1.1 mMO=Z foatA @& s HEWH(p<0.05), o] Eotd=
Z7tete &S Bt e AaEOlA 034 + 0.04 mMoZ 4 =
grom #io] H& DIFNA 006 £ 001 mMOZ oA e e
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Table &.

Ionic composition

in seminal plasma of Anguilla japonica
evaluated with motile (Mot) activity groups following, (A) 0-10%, (B)

10-40%, (C) 40-70% and (D) 70-100%.

(mM) Group A Group B Group C Group D
Na 154.9+12.3° 140+5.8 146.2+8.3" 151.4+3.3%
K 12.6+2.6" 14.4+2.7° 18.8+1° 18.2+2.2%
Mg 3.6£1.5" 03 0.6+0.4% N.D.
Ca 4.9+0.6 6.2+1% 8.1 308, 9.5+0.3"
Fe 6.3+1.1° 9.8+1.4 17.1+1.4° 21.741.1°
Cu 0.34+0.04" 0.18#0.03"  0.09+0.01" 0.06+0.01°
Zn N.D. N.D. N.D. N.D.
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Fig. 8¢} Zt} Mot= EE XA 1Y olF FAsA wolxa 5 74
Aol Zrr 0 mM Lol WA =& g vEploy, 72t aF3ke #9
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Figure 8. Effects of variations in concentration of Ca® ions composed in
artificial seminal plasma with several sperm activity parameters for 7 days.
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Figure 9. Effects of variations in concentration of Mg ions composed in
artificial seminal plasma with several sperm activity parameters for 7 days.
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ions composed in
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CASA system o] &8 Axte] ZALA 7We ARHQ 4ol 7hsst

i Aol Wgsdol o, wEi gt EAo] Jhssirh =3 dn A

g o] HX o] 7153 tH(Verstegen et al, 2002; Rurangwa et al., 2004).
il

of A% gatel glo] EHA £FH ABWSAL A B B
¥ 5 Qe 1ES s 9w, 1 AES gor g 745
= Agele) Fo 2y RAAE §F WeE BAHn FYFA 4
§ 24 28 Boto] BEALS ANT AR WAl AFA 24

A Al SFaLAF BT

$4 CASA systeme &3t9] =5+ 78 434 A (parameter)
ol Motility (Mot)®} Progressive (Prog) <84 7|0z wWato] Az}
g% zpolE v wd Ay Mot HUt} ProgE 7[+£2=% P& o F8 &
#2521l VAP, VSL, VCLE] gto] & wste] wel F3lsh AF
o] Yelli, Hi E5E5HE MotE 7|Fo2 e v wu oF 25-75
um/s o w2 YERsth B3 BE S5 e AAke @4
S7bskell wel Srbehe AES BAh o9k FANEHA, ®Eold o

Cyprinus carpio (Lahnsteiner et al., 1998) % Y% 7§<49] Oncorhynchus

of

o
2
o,

mykiss (Linhart et al., 2000), 3<%l Spotted wolffish Anarhichas
minor (Kime and Tveiten, 2002) SolA %= AAle] 5&HHo] HS4E

TAAEC ST Bavk flow, o|Fl TRl AAe *F
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£83 FAEe AHaArt & ¢#A ot (Moore and Akhondi, 1996;
Nagy et al, 2015). Kime and Tveiten (2002)°] w=w, 2 @oj=(d
o]}, Jojx} w7lzhel A HApe] VCLZF VSLe| £ Fke] H|S:shAl el
wom %27] &4 Al VCL oF 110 pm/s A=t o]o] uksl, 4ol &
of A= BE W EEHES Uehdiv e <A A e 4 H
T 75 nm/sf] 5 FHo] Holuh &3 o =2 1000 pm/s oo £¥&
} A H(Trippel and Neilson, 1992). Spotted

CL 40-50 um/s, VSL 4-14 pm/s, VAP 13-20 ym/s%
S Yyt BauEdom(Kime and Tveiten, 2002),
Ao Aol (Salmo salar)x= °F VCL 1784 um/s, VSL 114.8 um/s¢ <%
2S5 ety B ¥ vl ki (Dziewulska et al., 2011). & Ao A ul

ol A £5&Y AAEL VOLIA BE F4u=n 4 5L

1y

!
o

|

£l

e, Proge 7IELE 3le W 7HE gAdo] £ A= #

200 pm/s ©]’3e] Heo] BFHJT. o]t Adr BzhstH WA AR

o1z E- 3ol o] AABAZ HolE Prog ol +15F A
HoAX w@go] 2 g

iz
o
2

2
b
lo
Mo
offl
b
)
rlo
e
]

UEl = ALH# 2 g#e] &5 A Ad=E Yehll= LINIG STREO|
FA MAE ¥ FAA R dHX n7E fled, FAEe o] ALH
e 96 um, A SA N AE 57 um, WA YN (Gadus morhua):=
73-91 ym= Ei ¥ v} o (Tuset et al, 2008, Dziewulska et al.,
2011; Judycka et al., 2016), thA & throll A= Ao &do] Eoldrs
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LIN zko]l 71.7-91.6% =7}3ttte= B s o] % tH(Tuset et al, 2008). 3+,
d7ke] STR¥} LIN®| o] 45 AHdY 55 e Aoz 484 9l
ow Felip et al. (2009) = AAe] NesTe 47 Aol AU+
At Attt 2 Aol A WA

ALH 50 pym o]olslem, LIN2 45%, STR2 75% ol ez #zEHQ)

o} o]E =3sd, WAoo A= Aol Z=L&4E AXMTFe] % HEk

2o AZoAFELS AR HAZE EAEHA] e A= g A
o, s FFAol A&t xstEgkr] Wil Foll wek FAFH
(Head)9] R<Fo] thekslth(Billard and Cosson, 1992). 38k A=} el o] 7]

e AR @48 FAH FFS 713 BRurt Ho At (Rurangwa,
2004). Penaranda et al. (2010)°] w=W FHAb o (Anguilla Anguilla)
MM Fare] &go] ALTFE AR FHY =9 WA o] AAdnn

stlom, TFFQ didAE EA4go] fle BAe A7|7F #de AR
o Aoides A7|7F #oka HalE o] X th(Hidalgo et al., 2006). thA %
ek FAMNEAANE AL 277 FFF =2 FHY ATPE 7HA
L do] Ao fE&HEo]l TRt Al BaE ol Mok (Tuset et al, 2008a;
Tuset et al, 2008b). o|¥ A9 AIgA = A=} Aol FATS

Aol TR go] X Ed, WA w3 FElstA daste AoR e

wow =s7h 2 AR e AAur BT LEEH] kg =

N2 AAF BEC o] HA e A4S whEojFH, AAe] A&

S A AATFE 9ES 33 (Ohta and Izawa, 1996; Bozkhurt et



al., 2008). =&, A7 75l dFE T vSd =4S £t A,
a5 1A E AR @44 a9 938 7ML dtHRurangwa et
al., 2004). A& F7dAhe ool wt tefstAl vehdth dfgoi gl
5 Acanthopagrus schlegelii 373 = YEF 1770 £+ 3.0 mM, Z
F 46 £ 0.1 mM, 7F2dl¥% 03 £ 0.1 mM, Z% 1.3 + 0.3 mM (Jeong
and Chang, 2011)¢] ZA ¥ o] 9low WHX Thamnaconus modestuse
UEF 1640 = 40 mM, Z+F 98 £ 09 mM, vl2vls 72 £ 0.1 mM, ZF
149 + 06mM (Le et al, 2007)o.= U e}y ol o] Cyprinus
carpiod] A= YEF 750 £+ 32 mM, ZF 824 + 333 mM, v} 1
& 08 + 004 mM, Z<% 2.0 + 0.18 mM (Morisawa, 1983)¢] 35 o]
o E\RF Acheilognathus signiferol = YEF 866 + 3.0 mM,
ZHE 755 + 55 mM, vF2YEF 59 £ 20 mM, Z% 41 + 1.2 mM (Jeong
et al, 2014)c] o] =EIHE ZoE YUeRt. SEAWEA AR
Ohta et al. (1997)¢] ¢js] YEF 1 2
Ze 13 £ 01 mM, #t2vlE 16 = 0.3 mME A7 H =
Husojgon E AT EAZ 425 CollA ved =43

)
o
F AT AR, B Aol M =2 24 S YEY DIFY 24

0\‘

ol YEH 1514 £ 33 mM, Z& 182 £ 22 mM, Z+% 95 = 0.3

avls v EEYE ZJolE B9l Asturiano et al. (2004)¢] o Fto] wE
X
[e)

B, faasgold At ARte] #o] woldsE Aol 2Eo

= Fbeta, Bt vhdlg e dasts Al vedda st B
Ao FEAWGANE Ao B4R 24N DR FEE Fo@



ol wobd

=

3}

LB Qe AR

ol

)

5% vladlg oleol

A

=4

etk Wojtezak et al. (2007)2]
H] =]

A&

1
=

sheih. ol A M E o] g} A}

o

=

o] = E ¥ (Transferrin) 2t

&l

(species) Zte] =4 =bo]

[}

Jo] =

o
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