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Studies on Fish Muscle Tenderization and Improvement of Fish Meat
Quality by Transgenic Technology

Haruhiko TOYOHARA *

Abstract Fish meat is rapidly tenderized during storage after death. Muscle tenderization is supposed

to be caused by the proteolytic breakdown of collagen in the connective tissue induced by matrix

metalloproteinases (MMPs). The activity of MMPs is regulated by the endogenous tissue inhibitors of MMP
(TIMPs). After death of fish, the regulation by the TIMPs is lost, thereby revealing the MMPs activity.

We made an attempt to produce a transgenic fish line overexpressing TIMP to inhibit post—-mortem muscle

tenderization by using medaka.

We have successfully established a transgenic medaka line harbored Japanese flounder TIMP-(fTIMP) gene.

Transgenic medaka demonstrated the increase in the physical property of the muscle connective tissue after

chilled storage. Then, we tried to make a transgenic red seabream having an extra TIMP gene to suppress

meat tenderization after death. Since the integration of the introduced TIMP gene in the chromosome was

hardly occurred by the similar method of transgenic medaka, co—injection of medaka transposase was applied.

As a result, high integration of the foreign gene in the chromosomal DNA was attained in the F, generation.

Key words : collagen, muscle, medaka, red seabream, transgenic technology

ﬁmi¢W%%W@k&<%mfﬁfﬁT# %#
i, EROEEEMMMT D Z &
%f%@,%@tbﬁ#lfi@@%ﬁﬁ&#ﬁ%w
HNAHETIRENTE - WK, Wi Lixzeofsk
B2 bDTHDHA, FOIFNT MR, 5B, Hite
ELZEDO—FlE LTEIFHZ ENTED . iR
mEOHAMY WAL, —HEORMFERLE VD T &R
TE5.

UL, #IEEANOREL, BSEICRIT 5 EdE
HEREOYETE L IERERE IR O EIC LY bbb Shi
i 105 IR 1] D JEAf M OMBE AP DIER & W E o C, i
H, DREOMOHBERICKE EE L L6 1
7o FDORER, FEORE D X D A DERNER L,
BAETIE~ A R7 VITEEREORENEHATHD
LNTED, TOIFEALENHESHFEF X & LTE
(70 F) TERLNEIICRSTWD . RN HD
RO E A ENINALETH Y, BHAAN

e w] R O & 5 I M HE AR T 2830 iIgE
NThsd . FZITER—AET 0 OMMEOMHE RN
PIERKITTENEALT 4 7T, FEAERTL—D
FIALBIELE L THBR SN TVWD . Zhidfanfst
TERDHITIE, —F L~V O R E I 2 8 70 7=
W, NEEECRUR E OBV - # BV R T IR EI
G 72 EOMOAERIALDIHEE Lo 7= 2 & BFIA
DOLEHDEEZBND . Lo Ul TIEEHHEAN,
REHT, R EE R RN 72 & M ANz, fdREE ) 7 —
AOBWELHY, TAVA, F—a v E I UHH
E, ®EZR S THLHERCHE R SRl ENZIT AN
LD E IR, W THEAREANTAZ L HE
LNWZ e TR o TETZ.

ZOX Iy AN EOEM T, 5%, ERANICETE
FTILRLTWS b0 E PRI D . L, BESS
FEENREORZ NI CTERLEAZEN L TE ol
L, ANMEOBMEICBWTCIXINETIZE AL NE

2008 4£ 4 A 23 H =FL (Received on April 23, 2008)

* U R 2 SR AR e RS AR 2 T 606-8502  HUAR i /2 X X AL F1 1B 43 M (Division of Applied Sciences, Graduate School of Agriculture, Kyoto

University, Kitashirakawa, Oiwake, Sakyo, Kyoto 606-8502, Japan)



70 BRIBE

WRENRENTI R o7 ZOMFFR U —REET
HoTh, MENRESCHEELRESSERDLATH
% Bl IR ME D @O R & AR DB WRFED AL
Blic kv, <N EE S - FEORRFE 1A S
NTWBEDR, £ OEFEMITEAC 2-3F 4TS 57
O, B X ICEHFIITNEGENEE RN E NS
RIEN S % .

—J7, 1970 FFARWIBRIZBASE S L 7c il As TR 2 £
L, UPNIMED E RIS Lizb D TH 720, %
D%, T OIZFIECHILIA R & OBFHEEIY b X5
ELTHi~E B L TE 2. TORR, EFOHR
HPEMEY O SFEG R OFME LThIERIND LD
W7 -T2 FEEE 1982 £, ~ 7 ADPICT v b
DOREFRNVE BB TEEATLZEICKY, BHEO
RI2HEDOREZRFOVYA TV b~ AMED HEN
(Palmiter et a/., 1982), =D, ZDJiEZ AW TH A
7R EN W) TR D EER DA DAL, 1994 FITIEY v A
T MP—E B EH SN DI o T 2 Sl K<
HILTUWA (Devlin et al., 1994).

BRAOHIERR

EEED L WARIERWE Z 7222 b DDICHK L
FEENME T LZARIIHE 720322 LTWn
5. Lo T, BHARNIAEDORZRERD L EI2T
MEEO L WVAIFEE 2N TRV LWL] &H
Wi 2@HERHD . 12770, = /mh Aok Hic
WD HIZ L TARNL /AT, ZORY TRy, =

raeh Y F0BE, ﬁéﬁmﬁ\%’:'@%é’ e oY)
B, WENREL

TENTHY, ZHHDOMTIE,

oL@ LTELT, EWGIHonhsL&y &
L7zfifihy 288 L e L2/ D . 22 CTUT T,
ZA, 7V, BT A2E, TAMNTEL T D ARIC
DNWTFEZHED TS .

Fig. L I3 A OO T2 R LTIZHDTH D . 1t
Sk, RO LIS AROMEE B S LRR L CHfE
SNTEXLEZIAND DN, EBRIZITFARMTEN A E
DA IR L0 B, BIRE S S AR ORKILIX
BIDZERLND (BIREEK, 1988). ffilc k-

T, fARORKEERICHERSRPHL 25 b0 1
HDHN, %< OEMATIE Fig. 1\ ko, g
BEHENOBHRAOTINGE D . ZOKTIE, HIJIHO
TV —mHWEEAEIERIELTWDR, [
W7 T o v —1C X DR EEHIE C & A UAE R o
EAbERT .

FHEOHARRIE, KBIL TR (k) &
FEAREED D> TWD AT IEEICI A T 7
Frnh, BHEEFI T UNLHRENTEY, &

AT AMIE > Leis T %52 R7-1LTC
W5 Fig2 \RT X912, BRI~ EDIMEL 5 27
B, BIEREZIIIZE LA 220D, 24 BRI B 1T
VLA PR 35 B 0B L TV A ER TR B S
7. 0F Y, FEeAANFEOHEYINO X S IR
faZ D72 NT W D RGO ITKFEL T D & &
2O FEAEHE, SRR N T 77O LD 7l
WE OO TIFFIC LIS RELTHDEN, <D
RO SHIIRFETH D . £/, RICLAFETYH
KK L TR E T 5 &, BIHADORE AT
KETHS .

Shear force valus {g)

I | | |
0 & 12 18
Storage period (h)

Fig 1. Muscle tenderization after death of fish. Japanese flounder was sacrificed and the piece of muscle was excised.
The sheer force value was measured in accordance of the storage period at 4°C .
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Compression test

Fig 2. Compression test against the muscle excised immediately after death or 24 h storage. Muscle cross section is
shown in the right figures. As shown in the photos, muscle fibers were detached by the compression test (100 g/ 1 sec)
after 24 h, suggesting that the physical strength of the muscle connective tissue was lowered during cold storage.

~a,chain
™ achain

Type | l:ullagan uL G

Fig 3. Solubilization of collagen from muscle after death of Japanese flounder. Left two photos are the SEM observation
of muscle connective tissue at 0 h and 24 h. Right photo shows the western blot analysis of type I collagen. Gradual
Solubilization possibly reflecting the degradation of muscle connective tissue was recognized in the western blot

analysis.
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Fig 4. Inhibition of muscle tenderization after death of fish by the injection of 1, 10-phenanthroline, a specific inhibitor
of metalloproteinases including MMPs. As shown in the right figure, muscle tenderization was partly inhibited by the
injection of 1, 10—phenanthroline, suggesting that MMPs might be implicated in the muscle tenderization after death

of fish.
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Fig 5. Solubilization of collagen from muscle by recombinant MMP-9. MMP-9 was produced by the insect cell
production system. In the presence of MMP-9, collagen was solubilized in vitro similar to in vivo. By adding the
specific inhibitor 1, 10-phenanthoroline, the solubilization was completely inhibited, suggesting that MMP-9 has the
activity to solubilize collagen from muscle connective tissue. The right panel inserted in the figure shows the western
blot analysis of the solubilized fraction.
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Fig 6. Establishment of the transgenic medaka line having Japanese flounder TIMP-2b gene. Japanese flounder TIMP—
2b gene driven by 3 —actin promoter was microinjected into one cell fertilized egg. As shown in the figure, transgenic
medaka having the foreign gene in the chromosomal DNA was made. Integration of the foreign gene was confirmed by

the PCR analysis.
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