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S 044 (Oncorhynchus keta) BRECHS T S /BEW

X H *

On Amino Acids in the Developing Eggs of
Chum Salmon, Oncorhynchus keta

Tsutomu YONEDA*

Abstract

One of the most interesting phenomenons of the developing egg is how the yolk
proteins were converted into the proteins of the embryo. Free amino acids (FAA),
the protein amino acid (PAA), and the proteolytic activity in the developing
eggs of chum salmon, Oncorhynchus keta, were determined. FAA was extracted
with 69, TCA from frozen eggs, purified by the ionexchanger and analyzed by gas-
liquid chromatography as their N-TFA-n-butyl derivatives. PAA was obtained
in the acid-hydrolysate of 69, TCA precipitate of eggs without chorione. The
proteolytic activities were estimated by the UV-absorption method using the
20,000 X g supernatant of 0.99, NaCl extract of eggs for the enzyme and acid-
denaturated chick yolk protein (CY) and egg albumin (EA) as the substrates.

From the results of the changes of FAA, five developing stages were proposed:
I (0-8 hrs), the first consuming stage; IT (848 hrs), the recovered stage; IIL
(2-28 days), the variable stage; IV (2842 days), the second consuming stage; V
(42-56 days), the stable stage. The contents of amino acids were most changeable
in stage (IIL); the glutamic acid and aspartic acid especially showed the high
contents and large periodical variations. The composition of PAA was character-
ized by high levels of leucine, alanine and lysine as well as acidic amino acids,
and the patterns of the composition of PAA were not changed through any of the
stages of development. As to the proteolytic activities, the same patterns
were obtained in the different pH (3.5, 5.0, 7.0, 8.5), and at any pH the substrate
CY was more easily digested than EA. Moreover, a mutual relation seemed to
exist between the variation patterns of FAA and the proteolytic activity in the
developing salmon eggs. Some discussions were attempted on the role of the
characteristically changeable amino acids during the course of the development.
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OBLTH B, FAE LS 7 1 BRORBOWIEE U THL i2 Kavanau»>? i & b 9 = Paracent-
rotus lividus -V TEE IR, 1967 i3 Emerson® X Y 7N F 2 7 Artemia salina 1T
THEINT B, THEETIR I NI Y AR89 Y Oncopeltus fascratus 12T Favalora 59
%, B Pisidia longicornis (L.) 22T Smaldon? H3EL T3,

RO FAA REHRARDA 22 63 MRl EC A EHMHWE (v )y - Fugdv . ku b
= ¥) OEERCFA IR, =R AX~BEOIDIC LEEINGY, RSO TRAEHFD
BEAECHEROBEAEOMET X b 12 A FEE ANBINTFEO Tic Z @ HEEV#RIN TV 5,
Ub LT X DEBPEET TIE D2 — ik TBI% 54 5 DTREZEN - REFNBIHERLLT
BRINTEY, BUL ARG OR{HEH P ORICEITT 5 AINRBABRETIZ YAK 22 FAA
2R H—2 OEBMBHEIND, BEOHEIZTHED SR ESREREOME S b 5 WETIAPK
B, BOKETREEENS AV ANAEDOMERSV, 2 OAEORAET L OELE BED
BeBgic X b PR - JRRRLE - BRSSO, IPAD S BT HAMRICHL TIBEIDOAIV D EREV S
DEDD B, FERPFBEAOREA~NOEHE U THA LS & 72 BB - TIRROKR WY
S RHREOIIN WY M e EA 6B, FrIIRACHES FAA OB 20 Tk 1967 Fic il
50T BRENDH Y, 1969 FiT3EE & BEWEL 1219,

ATy By FBEBMED 25 DR F — SBT3 FAA DEBLBARZBRLTWVW3 7 2 VB
(PAA) O 2 T B BASREROIEEZRA, 2L TEHOK I FAA 2P LK ZN 60K
B ONWTEEEZMATZSDTH B,

£ B F &

HHEHITRXE

vy (Oncorhynchus keta) 13030 § IRl BESEROBIMIC /L 124 E AT,
1970 iz i3 FAA, PAA, SIEERBIPKLERBOMER, 1971 FiC3EASBEROMER Zh7E
NITS D DORIIR T - 12, ALHIEIMEERFAA ORING T Mo ER TEER Y 17D
iz, SEMREDICH ~PRCBUJKTEKRL ThoEBHEY Vit ANz O kR 28 38b 2
WAL TERSZRELR -7z, BT ¢ VBRIITLMEBLELROREY, x5/~ n-F 4/
—), DruNAEl, Zunkiva, EKIFY IAFoEERB LMY 2 e vEER (TCA) Tk
METEMOLOZRVI,

4 % v ASHHEE 12 Dow Chemical Co, Ltd, #, #22u< 457 4 ~Hu 5 o FHEANE H 2 2
o TEER E BERMEPHNT,

Ch-Th v A P2

SISO ERETENAL 1 ¥ Afid 5K (24x35% 21em) CAKEARZAN, Vv bAEY 8mg
DOF IHELF MY U L2 WML, BER27 42— CLT2T7 Vv~ 2 2 2T THEFERBREL,
L AEOBEIR Z — v 2 2ARRWT 9R1°C iR T2, MBIz —IE (8X % 2700 D) OZHEINEZ D
e ORADBTRTOIRFHSBE S MES THOEEL 12, AEIELLEHEINZER X KEFD
FEE RN, BRAEBRREC 1) 3 POV S Y SRR TROME (1) kw7 VBERRIC 25
B, BB 1047 L CHIER: KD SBONERI 52 ZhFhiT-12,

K- I GO -
RAEBBOE 2T — 2T 10 EOIB% 50ml @ Bouin K (¥ 27V VERHMEE : ®vey K
EEp, 75:25:5, REW) CEELI, BEEBFIR 80% =2/ — v T,
RERESVAISROAE
BAEBBOR AT — 0 C5EOIFEKE» SMHHL, WRTASZEBIELCHRETHBTLI,
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Table 1. The sampling program of the developing chum salmon eggs.

No. Development Morphology
1 Uninseminated egg
2 0 hrs Inseminated
3 2
4 5
5 8
6 10 Two cells
7 16 Eight cells
8 % Morula
9 2 days Blastula-

10 4.5

11 6.5 Germ-ring
12 8.5 Gastrula

13 10.5

14 12.5 )

15 14.5 Yolk plug
16 16.5

17 18.5

18 20.5 4 mm embryo
19 22.5

20 25.5

21 28.5 Eyeing stage
22 35.5

23 42.5

24 49.5

25 56.5 Hatching

AN SRIBEET O 105°C THEL TRDUIZERE U TRY, SERE ASIEL biT
5 EOIOFHERHEML 12,

FAA Ofills L VRS

RABEOEAF — T 2B HEAONET 2 R IATAXRTHEM U, 25ml ©6% TCA & 1ml
ONTEREE (1.25mg 7 vo 442 /ml 0, IN-BEE) 2MA D 500 DHHEL TR IHEKT K
EYFAXUI, 3000rpm, 103EORLSHET LR EED, WRIAEE 15ml © 6% TCA THilH
Ui LB 2EDT—EL, chrzxFix—~50 50ml T3 EMHL T TCA 2k, 2N-7»
=7 THER, XX75A3TEEKEMAT0mMl LU, O 5ml % Dowex 50W, X-8
(HY) (100~200mesh, 2ml, wet) IZBEE, KEk# 10ml O N-7 > %= 7 CiEH, A% Dowex
1W, X-8 (OH-) (100~200mesh, 2ml wet) iZ3EL K% 10ml @ N-HEBT7 ¢ /B2BEHL v~
Y~ B L~ 2~ TREIMEL THEBRBS IOKZBRELZOEBEZRM FAA L LT,

7i/B0xR

7 & it Gehrke HOFEW KRN FRru<w v I 74—~ X b ERLUI, 71 7 BARH
Roach 5DFHER itk b n-TFN2AFNEL, EROIurtdrdmina 7o V2T N- b
YN A R T LFUREGKE L, BRI Iu< 557 GC-4APTF it X 2 a¥nic kLI, #
5 n i3 FEIEFIE LT 0, 25% EGSS-X, 0,75% DEGS % Chromosorb Wiga—5 4+ > 7 L1z 4 O
(4mmx1,5m) & 1,5% OV-17 % Chromosorb Wit a3 ~% 4 > L1z 4@ (4mmX1m) & D R
DF 2 TNVY RF L E LTz, BESRLRERD OFH TH 5, OV-1D Nz flow % 60ml/min, H
HF B 5 5% 6°C/min & LTz, FAA 1250 25 HOFHMEE LTI AL H @ 10820 E L THRR
U1z, -
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PAA R

FAA OHHERT 6% TCA TAU 2IPEAEORED» 5 3 Y T 2RV IZ DL % 50mg 2 & 0,
5mil DEFHAIER 5.7N) Y RRUF, T b F 547 4 RTHRE HEERY 7 TR HHE%
110°C T 20 BRI R 2 To 120 FO—HC DX LD FHETT I /BO BB IERRT
>, PAA REEFHEL 7 ¢ VBOERRTP 100 & UNKROE7 I VBOER % THRRLI,

EASREHORE

EEOREIZ T4 Jones 518 VT FRc L 12, BEE L TEIA7 VT 1> (EA) &
HBUPE (CY) # 0.33M 2 LT 37°C 1 BEIMEEM: 3812, 1IM-NaOH T4 pH (3.5, 5.0, 7.0,
8,5) ITHVIRITZ DEEE% 0,85% (w/v) &8 12, BRWIFBEBREDOZERF — 2 DII5 E% 10
FER®D 0.9% NaCl THIHL 20,000xg, 20 ORI TA SN S EBE U, BERRGIE 3.0
ml OEBEIEIIC 0. 5ml DEERIE 2 MA 37°C T 20 3B 4> % . <~ 2T 3, 5ml @ 0, 8M-TCA
PIRML TREZEIL IR, ROEO XBH L BEELDH 572 k8% 3000rpm, 10 EO#E
LTHA, EEBO 2800m BT 3EHELIEL BESMIEEE U, BHBRRTORARER
0,99 NaCl T 200 iz BEER#% 280 nm ORILC X h BB L 12,

X B HE R

SZHEOHMEHE(L

BRAREOKIES 9+1°C R{ED & & v 25082 60 BN BLL 720 BILLTO B{bhis b
N3 BT HELICRT 5 Bt R T b T 260mg OARZHIH 295mg K753, Th
BEEUTKMEICE 5 DT, AOSEE 54% H5 619% g 3 (K1), FEmEE
110~120mg THRIEFEINY> 6 BLiCH T2 3BT 10mg PNICBS I 5, ZHINIO & 200kS %
BT 3 & ZDRERDEBIZ DI 20BN 2T TR L7 6% KT ¥, ZHRINL
& % 10 R[] C blastodisc d3EHbi, 16 RS T 4 M, 24 FFEJC morula, 48 B¥RI T blastula, 7 H

R
o T N — .
; * L "—"-:/\./ ./“\,‘/ T
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200r | 4
2 260} o5
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S — . e N .
N - —_— e T ——
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TIME © 12 24 2 10 20 30 40 50 DAYS
No. ' 23 43 [ 7 89 10 1121314 51817 1819 20 21 22 23 24 28
DEVELOPMENT
Fig. 1. Changes of egg weight and its water content of chum salmon during the develop-
ment.
-® — ® - egg weight before dry, - @ — @ - egg weight after dry,
- X —— x - water content
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Fig. 2. Growth of the blastodisc and the embryo of developing chum salmon egg.
- @ — @ - diameter of blastodise, -O—0 - length of the embryo

¢ germ-ring, 8 H T gastrula, 14 B T yolkplug, 20 H T 4mm embryo, 28-29 H T eyeing D%
25—~ %8T, 56~58 H Tt 125 (Plate 1), blastodisc 35 X' embryo Y3356 5y
L THHATS 3 b ot (M2), BROREEER 9£1°C T 0,25 mm/day Tdh 72,

FAA [C2WT

AEBIZY hEEANEL FAART 5=, NYy, FIvy, 4vedvy, advy, Fa)
v, AvF=y, vV, VRAFAY, AFX=, T NT I, FTANRIF U, Izl
VB, YUY, Fuvl, TAXFSUBIFAN=FUOOUTETHEY, LOSLERT /R
BREOEDRF - oRBOTHRHINZD 51, BRIV Z IV ETAIF RTINS IVR
L7 FUBELVTERLUI,

AT (0~48hrs) D FAA OB —RTPINEDTH LTI, s i vBETARIF Y
BSLELUIEE2RUT (K3), T4b5 5T TRU SRHEDEIIGRA LT, €)Y
v, VLYY, TIov, SYY, 4VB4VY, m4vy, ALFA =3O SEBRET A id "5
EEeRTHFaYy, 7.7 52, Fuvl, YUY, TAX2UELTEIAN=FURER
RS IEB S b o1,

S (0~30days) KBV TH A2 U ERE 7 ARSE UBPBCHOCERETRL, 8D THE
HEABESBET L JBRTIHEAY ATV MTA b, CORERPiCREYY, TI=Y, S
You, )y, AvFor b HENECSEERULESGLALNI, AV A4y, ndr ikl
BENSERTRUSH LI EACEHRY, 7oA77 5=, Fuvy, ) UEERGENE
BTOULEHL, Fuly, 7AFUEIRANFURERVESES LD IPoT,

SEAEEH] (30~60days) I BVTH V& & VERE T X085 ¥ UG AR, BUURHCZ O
BeesBUELT, 2007 i /B > THMOER 2 RLLDI b Yy, FY ¥,
VoL T ¢ BIEBMLEORINIATH 512, 7227 523 22 HELSBRIET
P 2B CHVEERTUBMERHCH » TRXICEMOBER ZRLIZ, Favrid7 =7 7=
i SEET 3B R R SEREMEL, FrY Y, TAF=UBIFA VST RESRIED)
TdhH-120

LLED FAA $3¥h> 6 & a3 BREFICR 6N 7 3 VBT — VT DV T5 D0 BEEBEA GN
B I BIISHEE S, b X 7 SHMICH - TR 6N 3 FAA OHERHITH 3, HIHIFAA D
Bl B C ASRE I IR IR L ~ v e BT 5, B2 AN S 28 BREIBMET ¢ VRO
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0 SN — 0 a —
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0'1 . '/.\ “.E 0.1 ry\./\._./ it N —
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01 emeee - U 01 a""\.—---»O-’-'-o_--.‘.’lE.E"/
g . PRO
. . LEU
O] "~ THR . -
0 A
o4\ _._—SER PRO_—.
% gj @ g N TH.R —
£ o7 6L 3 N SER
05\ RSP .
03
02
01 PHE / \ GLU
O {~-—-\:,. LYS .
o e — TYR \
0 = .
0 L‘—l—". ARG ,__—/
ol ORN N
0 8 16 2 48 "
DEVELOPMENT, hrs —
Fig. 3. Free amino acid (FAA) of the Lys -

early developing chum salmon 11, W%a—'—‘—-/’

eggs. FAA was extracted from TYR -
25 frozen eggs with 69, TCA, Sl
purified by the ionexchanger, ARG .
analyzed by GLC as N-TFA n- 0 Lute ORN .
butyl derivatives, and calculated

by the internal standard method 0 00 20 30 40 50
using norleucine. DEVELOPMENT, days

Fig. 4. TFree amino acid (FAA) of
the chum salmon eggs through
their development.

BReES 2 DL ET 55 O FAA OBSHIT, HM L UBENMPOAES 25D, EEICHNT
EBREEBORKLELH 5 R THI, EIHRZOBLIEEORLZ 28ECEINIE
OHEBRH T, BOOFERREY ¢ VEBTEETHHIT 5=, FIvy, AvFar, €92, i3
YV ORIDERAYALNE, UL DR THEERO Y & 7 BIZ#EML T3, ETVHItz0%E
BT 25 § DT T DRI TNT O FAA ST 3 REHTH 3, BLOERIIIZZ V& T VR,
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FARSEUEE, 752, ALFZRERSEIBE VECL RVTHEHBZEDMDT & BTN
THRDEIPE b B L ~ILC L 5, WIIOEIIZY Y, 72207 5=V BEBOTEETH Y, »
A v, 4Avadvy, sYy, Vo bBEETH 5,

PAA [CDWT

6% TCA TIB|L THRIBHEL DV TIY A2 2BREVEERD OBIKSBEFICALNBT 2
JFE (PAA) % 13 D27 — O TREL, TCA THEU T3 BARZRERHICIT & A EHIBR
BATH b BHERT 2 C RN B BREAN b - ke 55535, PAA DEEXIIZ ORI L
OB R SN o1 (#2), PAA ORBIZEET (/B 7=V, udvy, YUVOF
BUENCETH 5,

Table 2. Protein amino acids (PAA) of the chum salmon eggs through their development.

Stage Chor
No% 1 4 9 10 12 13 15 16 18 19 21 23 | 25 ione
ALA | 10.09| 10.59 10.59| 10.75 11.18! 10.68 11. 33‘ 10.70{ 10.74| 10.90] 10.88} 11.20{ 9.92 4.71
VAL | 6.05 6.74 6.70| 6.45 5.44| 6.32| 6.43 6.46/ 5.87 6.16| 6.10( 5.85 6. 01} 5.08
GLY | 3.01 92.15 2.90 3.01 3.34 92.56 3.25 3.16 3.05 3.43| 3.94 38.87 4. 01 4.17
ILE 4.98 5.17 5.20| 5.44| 3.87 4.92) 4.88 5.03 4.58 4.77) 4.44| 4.76 5.03 6.01
LEU | 13.94 11.94] 11.49] 11.22 9.54 11.63 11.72 12.62| 12.32| 11.92) 13.50| 11.58 11.72| 20.09
PRO 5.62 6.26 6.16 5.69 6.27 5.86 6.13] 5.55 5.73] 5.98 6.12| 5.95 4.97) 8.76
THR | 5.921 5.68| 5.45 5.36| 6.09) 575 6.30] 6.26] 5.81 6.45 7.08 6.22 6.48 12.72
SER | 6.10| 4.49] 5.80 5.80| 6.52 6.29 5.42] 6.69 5.97 6.46 6.86 5.69 5.26 4.07
MET | 2.19| 1.90| 3.25 2.62 1.66| 1.48/ 0.89 0.83 tr | 0.17} 0.40] tr tr | 1.03
PHE | 5.69| 5.77 6.00 5.48/ 6.01 b5.88 b5. 5(!‘3 5.87 5.78 5.63 6 79| 5.84) 6.10] 5.73
ASP | 10.94| 10.76 11.02 10.93 13.63 11.24 11.76 11.28| 11.18| 11.07| 13.57 11.42 12.09 10. 61
GLU | 19.67 12. 69! 12.60| 12.72 12.49] 12.71] 12.95 11.93| 12.64 12.93 14.43| 13. 51| 14. 38| 15. 29
LYS 90.16/ 9.11 7.77 9.07 8.74 9.59 8.29 8.39 9.56, 8.97) 10.37| 9.04) 8.45 5. 71
TYR | 3.62 4.11] 4.01 3.86 3.92| 4.05 38.45 3.83 3.67 4.07 4. 58 4.06| 4.65 4.68
ARG | 1.3 1.88] 0.95 1.42 1.24/ 1.05 1.48 1.31 3.02 1.04 1.65 0.95 0.86 1.26

BREEEDI DY AL R EDFEEORIKAMETICA BNET ¢ VBROERERRAIL, 2VF>
7 i MR OBEIL PAA LHART 520 B B AV A 2 U PBEORTH B, 2L TS Y %
S, VY, YUV SAN, BiEY I/ BIEVTR S EINGH PAA ATV E R
CEBONEL TARIEUBIBP AL, ZOMOD T BRI PAA ERETH 57, b DR
5 PAA L2V A7 i VERERRBESTRNTIZ DT %,

ERSEEE

LR LIULICE S 25 DAF ~ Uil 3 BESMIENEE 40 pH KD 3|EL 1z, BHEL
THEIFZER (CY) LIBE 7 VT & v (EA) 2V, BRI 3N TL 3 BRHER R
CEL, 12EEMRRIzZ O 1/3BECETTY, 2o Blhicvizs s TRIgEIRAGNY
Dol ¥ uYr IIRAIAE S BAMEIEMROKX & 28KEIL, YO pHIZBI 3EHOES biss T
REEILTZ € 2~ 2 2R, WO pH LI T b EA IR~ CY X 3N 3, ZHHER
exhd BIEMEDE pH 3.5 KBV TH 3 K AP BT L h/h3wv, BBty — v BRHEHR2
BRE»YCFE, Z0#%15 Bic@mo b8, 25 BIRiV TR, Z0%RER CY Ko Tid 30 B
% EA DWW TIE 35 HIZEW ER, ZU T 45 BRIV TEEL, % 0tkid JLic v ER LIS ©
Fho pH KB T & BICER OIS < Z OKITiE 30 B (CY) & 35 B (EA) OEENSED
Of: (@5)0
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pH35 oy pH 5.0 CY/
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PROTEOLYTIC ACTIVITY
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0 20 40 0 20 40 days

DEVELOPMENT

Fig. 5. Proteolytic activities of the developing eggs of chum salmon. Substrates;
0.33M citrate denaturated chick yolk protein (CY) and egg albumin (EA).
Enzyme; 20,000 xg supernatant of 0.9%, NaCl extract of the developing eggs.
activity; —log Tx 100 at 280 nm of the supernatant stopped with TCA after
incubation at 37°C for 20 min.

z ®

BEREOIIE LORO FAA RBBRTH 312D HLOTII == a2 v 557 4 —% FuI:
ST TR 3N 57219 »3, 1950 48 Holtfreter 518 12 X b AMEHO IR § FAA WSTEFET 5
LEMBBDONI, ZDHY = PHEBRIC OV THRAIHE S5 FAA OBIZENITOH, 2D+ T Kava-
nau®) 29 2B TY Y v U BBETH ) 2 OMD FAA  RAECHKCERT 5 C & 28EUT,
AR OVTORERITEAERY 5008, 1967 EREL LD 10X h ¥ 7 OFRBREI» 5 17 Aic
E56 00 X7~ T FAA DRBBTOH 10BDY : VEBY BRI /v~ bS5 7 . —Ckh BE
A, BEPOHEBLUTT A 5X R, FANF IV, SNy, 4vad4vl, nidvy,
72U PEL LD FAA PRACHEVERTZ C LB MEINT, 1969 FLEL L piy s
PBFEED4 DD AF—CIXDOXM4BO7 : VBO BES ¥R I/u<w b2 57 4~ L biFNEFNFE
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NO2ov b7 58%RUT, ERCEBET ( VBBSETe 4V, Y0 b HEBIIE L, #RIiC
WY ¢ VBOBIHBEETH D, 720752 YL OEMMBED LNz, ZOBRFTRY
uv b 557 4~ BHET BEEENSES FRETR AN=F L 2B 1TROEERRIT
olte T, RAECHI BASBESIER® KX v o0 THEINTE ), BEREORE
£ DMIBSE THEESRD 64, BB, MR 75 )R 2 hFREBED pH MR IN TV
30, ROV TIRIBEAERESRY S,

v a3 rIIREOBRIINEREORES~OLROERE LTHA, 7 B —VRERT 5
FAA 32 hFhERDCFBECER T 2MEL2HE T2 0L UTHA, B4 EOEHEMNIE T C
NoD FAA DERZ TSN Z OEGI 2R T LI HFEEI BEDT BD #E%
POICERZITI,

DEVELOPMENT, days

Fig. 6. Relation between FAA and proteolytic activity of chum salmon eggs
through their development.

vy JIRAI I 3 FAA & BASRIEEORE »EAMCRDTE M6 DL SRy, FHE
ORICARERFRNH 5 L5 RS 6N 3, 1 WX FTRRICT TIELEL T 12 FAA 328 #%
BRI RA IR 3, BHE%OS FAA 12 2,590 moles, SHFH#I2 1,754 moles 2723, Z D
R BESRSESEOLEEREE L THH I T 2 BAE LSV, F1HlZ FAA L <uUpiE
Hiemy, BASMEEEIRLACERL, COHOK Y ITiBFRNET T 5, 8 1k FAA &
BULEST 5, BRIV ZVBET IS EUBOEHNKI U 4 Z0EENIEAMNTD -
12, ZOAMIE»s hIERMIS ) X a2l 4 BEITEE W 2 HBTHE NS, COFHOmMEK
DNVTRIBET : VESEHEHIN—BLV NVICET 202K - T AR Ihs I A h =X s
DEETLIOTHSH, vt rOBRRELLTIHEEALEAGNS PAADF Ty 5= bnd
UM NEIVEEE T ARSI X UBRILET 2 BOERY RUNB FAARBVW TRV X (U8
ETANRSEVBIENUNAVTEHTIORKL 752k a4y i3 0o FAA &R ES
LRV RRES TS, PAA &5 FAA ~OBITIRED 7 : 2 BICONT § LEZFFbi FAA » 6 FF
BHEAHEANDOFB 5 20N 4DTH S5, LdL, FAAD F 0¥ - BERE~D FF
BEEXDO7: VBICIVED, a3 rOBRRRTI=rRuAv BRI INRT VDTS
5, ALTRIIREDELZRREDT : VERCAECBIRKELTT S=vpikaRans ¢ &
ABN2Y, FAAF7S=VERMPIFTEBILY, LOBPET7S5=vE oy FMREDHETT &
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BEBREBHEABE Y { VBPEHINILELZOBARTH S5, L L—Er : TEHR
2o TR ABHEMBRC OV TRAKHZHER ZEET 5 C VT2, O IHk RN
DLDIEHER T~ 255D A7~ F T BASEELG LR UBESAL Th b FRBIich
I TRET 5, 5 F#lid FAA OE_0OEEHT, COREIZ 25 BED» 5 OBEMREES AL
PAA @ FAA ~OHEHBEARITONBIZ 45 s b 53 FAA OB/ IMBELY, - T ORI
boid bEOARKAR &N G L BA b5, BRLMIEMER 30 HE (CY) & 35 HIE (EA) 56T
T3, COERDENTEHAL 3EREHOFNIRZAFhORERICHLUBROTSH 23IEOE
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PLATE I

Surface view of the developing embryo of the chum salmon, Oncorhynchus keta.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig. 10.
Fig. 11.
Fig. 12.

CRNS O WD

Egg at a few minutes after the insemination.
Egg at five hours.

Egg at sixteen hours.

Egg at fourty-eight hours.

Egg at four and a half days.

Egg at eight and a half days.

Egg at ten and a half days.

Egg at fourteen and a half days.

Egg at sixteen and a half days.

Egg at twenty and a half days.

Egg at twenty-eight and a half days.
Egg at fifty-six and a half days.

(Figs. 1-12; ca. X7.7)
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