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Studies on thiaminase : A case of

lesion in nutrient utilization by another food component.

(5) Fish thiaminase and related syndromes in livestock and raising fishery

Takahiro NISHIMUNE, Hideki OKAZAKI and Masaru SAITO*

Abstract
A thiamin deficiency produced by diets containing raw carp or other fishes causes

Chastek paralysis and other mortal damages in breeding foxes, minks and fishes.

As the .

causal enzyme of these dietary diseases, distribution of thiaminase in fishes is reviewed.

Key words: thiaminase, fish, PEM, CCN, livestocks, raising fishery, thiamin.
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I3 1940 DL SWolf THBEWNS U, Lnl,
F—INTEBEEINTWAENL, 194148
Alexander HIZBH =25 0 % 2 ORI TH
7 H trout 2fAETHE, ARTEEREEZELST
HOEICEIZARD, FIBUTEBICRIETSEDI
0. KREIZE-> TREERN, BALKTEIHOD
MNEL, PRTHTETHIEELRL TNBHA™),
NIFITHY I FAT L 2EMMEESZ % EHE
MEREZREL, BiIHAICIREDREZHE<
Z &3 1967—1972 I HMOKERBRE N S|
HEINTW3, TORRAEL T, PIHICIZBILlE
BOEMNEZEZ SN TV ERE; BENT
FOREERRCETAHE. ARFEL. 1-
19 (1967). E¥I B, RZTHHIENRIN
=, FEHIE O KEKNLIO0gDNTF
Seriola quinqueradiata Z %% 1 2 HiE-1 >3
TTYHEAT L% ERBOVWITITHNT4L400R
DODTRIIHT. W IFATLDOHTHET
5K 0BNELETHEEROLDICHEL
TWw3,

HRBXZRIIRTUS TRIZHT, hF 7 F1
T A Br RlEMA B ERTZ(5, 6F).
¥, WEE (7TH) OEEAORIELIZEKE
A HFI, 7PN 1112 TH D, TOXE
B Figl4d DEITHIIFAT DA THEL
18382 7 HT0%MEL L7,

N OFAVDLEEFTIF—HEICLKBIEED
DF 7 ZF—EHED test diets

Group Thiamin*! Food
1 Anchovy
2 |10mg*2(From 32rdday) |[Anchovy
3 |10mg(From 39t day) [Anchovy
4 [10mg(From 320d day) |Anchovy+Comme

rcial food*3 (3: 1)

10mg(From 1st day)

5,6 Anchovy

T*4 Sand launce,
Horse mackerel,
Mackerel

5

*] Thiamin nitrate coated with fat (Ueno fine
chemical Co., Ltd.)

*2 mg (thiamin nitrate)’kg (body weight of
yellowtail)/day

*3 Artificial diet for young yellowtail (Taiyo
fishery Co., Ltd.)

*4 1—9th day:Sand launce,10-24t% day :Sand
launce,Mackere1(1:2) 25-28th day: Horse
mackerel, 29-49th day: Horse mackerel,
Macherel (1:1), 50-57th day: Mackerel
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Fig.14 Change of survival rate (173) in Seriola
quinqueradiata.
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Average body weight (g)
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Fig. 15 Change of body weight of Rainbow trout.
(174) @ :Fed Anchovy O :Fed Anchovy

containing 7.2 mg of thiamin per 100g
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Fig. 17 Oxgen consumption of Rainbow trout.

liver, and pyruvic acid concentration in blood of ~ Symbols are the same as in Fig. 15 (174)
Rainbow trout (Mean and standard deviation).
Symbols are the same as in Fig. 15 (174)
®19 ABEOFT7IF—iE
A F73I>—-YiE SEIR, Bl MEE RRE
o~ onoxo ami |FEIRRERE. R, AR, [JFIE.
9 (179 |(E=20—-25%HE EREEG A OWE. Bk, FE. 5 Wolf, L. E. | 1942
ZUET (180) Cf‘ﬂp‘?"” harengus B1/RZ D P AR R Deutsch& | 4,4
(=) Hasler
2ET (181) |ZWBR 17 A TBiIRZ. 3 Harﬁmwgmn’ 1954
xo a1e) |FF7TTTVERE \awrn, BT : BfUIENS | REME | 1965
CUET B HFAT RERR, B, FEERERE. Aoce, H. et al. | 1969
(174)(184) FBED, mMAL)VE B REFE K | GE 2% | 1974
Wwashn (182) |E= > 50%HE RERD, RKREL, EHEE L, BIEEAER) White, JR. | 1970
o (org) [PEOFA TSRS | RERR, MR : Bl | G B | 1974
7= (174) A TFATY BiRZ. BEAR AR B% | 1974
fﬂa“(tlifm) BROEE JIF D HSRIZ B TR DA DA (Fisher, JP. etf oo
(?Sg'la;;;)onsa Jar) alewife, smelt 100% & al.
REEL 2 W
- - Harrington,
FAED (181) |ZWER RW. 1954
ZWw (183) |[BiRZ#& . HADBIRZEFHTHIERZWN Aoe,H. et al. | 1967
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BICEEZRT (Fig.17.

T ORMEEEOBRIIFEBICK > TFHMIZ
BRatxhTHo (176), HEHF Y IF—HITX
TR M@, KR, BEEER, GHEEERER
BAXTERL., WKOBHFER, LE, BHER
EIZOVNTHEBL TS, F7IF—VYEEA
ZEEELE T HERIT. BRERIOLDICIEEI—
FATLUIEEY I By 2RAMIKRET 2 0E
NHzMN, TOEREOBRIFINTNHS (177,
FOREEFT—FELT, N\IYFMFFOEY I >
B iEEOM, ENEE, BEHHE. JLVATO—
IVOBERNE. HTHRIEEOHENREINTNSD

(178). ZDMIZ, SN TWBAEDOF T I F

—VEEE 19 ITRT,

5—3 F7IF—UaHAHE

ERo@ED . Bitpfakld 5 WIS REEEOHEE
ELTHWShAANFY I F—EE2ESATO
B8, FAh#EEE ST, ThORERRKRE
ZARRICTEEOOMKELTHEEOAICETE
NTVWBEF7IF—EEHERIBREINTNSD
TUTIRINSZFEEDTRT . AHITIIHKA
WESESRHEINS . BEAICRF YIS —
iz E B T80 #EREEMAIZHTE
HNEETZW, AEICEEN3FT7IF—FED
HEIZERSITRLEN, BEARF7IF—ED
HEWwDSH, pHIEKFEHRIZ2 DDOE—-V 2#D
ENSHENHERGINTVBEIHDOD, H¥ I F

UL THE—E— Y ERTBANBHENS 189,

— k2B HAD Katsuwonus pelamis (11
) OHIZFT I F—EEESREBEINTW RN
45 & (Table 21). EENBETRINTNEHR
4 (Table 22)23H 0. ML TIXEETESRER
WHEENMRDRHBENTWS, HENIS
WS TREL TS,

Fz22ITREINET—F X0, BAEAL100
g 1 REICBERNICHRETHES IS B DR

E9% 2001

13 0.27mg (Skipjatk tuna i) 25 2.6 4m
g (clam N7 VEHKR) THHEENENS,
ZHIZRLUT, R&EFIT7 7UHEDIRITITSMNIT
BARFTIF—YiEHEEZRHLTNWS 188, 7
TYAROHHZEBRICTEIEICES>T, F1¥
U7 O—HRAFTIZHOL MR EHREE
HIELTEREZZITI TS, SAADERTEERIC
EBEYIY By RZOAEHEREHIMLEES
N B Z L THaHN, F7IF—EHEHEA
OF7IF—VYERBIBLELZDRIIESITELH
W E O &R TIEMNIICDRLS, DR
LFETRAEN, NBREZBKRELTRATS
B, BEROABEBICEZ ARV SEEZILDEN
#Eha,

#HO

FRH T EZ BB AR OKRRBZZ T,
EROABOLRTZ R DR 5 FHFEAITK
Diz, TIWHEMERLLET.

3K

ITE RAIBREROFLH (4) 010, K
12-1ZHAXMES (95) X (95-1)
WWEEL., ROXEMEH T,

(9 5—1) Ceh,L. Helgebostad,A., Ender,F.
Thiaminase in Capelin(Mallotus villosus), an
aretic fish on the Salmonidae family.
Intern.Z. Vitaminforsch. 34, 189-196 (1964)
(170) Fisher,J.P,, Brown,S.B., Wooster,G. W,
Bowser,PR. Maternal blood, egg and larval
thiamin levels correlate with larval survival in
landlocked atlantic salmon (Salmo salan).
J Nutr. 128, 2456-66 (1998)

(171) Alexander,L. Am.J.Path. 16, 61-69 (1940)

Q72AKR BJE  PRA. PILZERL REEAN B
EROFTIF—F I OHET H7icks
NI FOIERMEZEREB  B#E5R. BKE4 4.

653—57 (1978)

173)EERE B.AREHEA MK & /\KEH
ERADFT7IF—Y]IOWEV HhF¥IFATD
VIZKBNIFORBHERBEB BWIFR (1),
HK# 40, 675—82 (1974)
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i 20 5&7}(%&*’[}& bta’.? E j—_ﬁl‘%ﬁﬁ U z h (101) (148) (112) (95-1) (127) (180) (45) (46) (186)
(BEAZPLELEBARAIRDVTIIE 21-23 28R 187 180 U5)
Author
Name Common Name Lieck & | Ender & Deutsch &| Chaet &
Agren |Helgebost| E.Kolb | Hasler | Bishop
‘ (148) | ad (112) | (127) (180) (186)
Abramis blicca White bream,Bjoerkna 91
A. brama Carp bream, Bream 350 +
A. vimba Baltic vimba, Vimma 434
Anchoa hepsetus |Broad-striped anchovy +(101)
Belone acus Gar-fish 350
Carassius aura tus |Gold fish(57/3) a 8(;1)“( 45)
Clupea sprattus |European sprat +
Cl. harengus Herring(iZ L A) + 115+60 +
Coregonus albula |Vendace, Kleine maraene 30x15
Co. clupeaformis |Lake white fish +
Cyprinus carassius |Crucian carp(572 D %) 434 +
Cy. carpio Common carp(Z \Y) 1800 +
Engraulis mordax |Anchovy(in7z< BWHL) +(101)
Hybognathus nuchalis|Mississippi silvery minnow +
o ytl;zj‘;s;;f:]in o [Ruda(z o) 700
L. grislagine Haesling 11250()500j:
L. idus Ide(5 <WY) 700 +
L. rutilus Roach 77
Leucosomus corporalis|L.rhotheus, Fallfish +
Mallotus villosus | Capelin(15 7 b3+ FE) +(95-1)
Notropis bifrenatus Family Cyprinidae +
N. cornutus Family Cyprinidae +
N. hudsonius Family Cyprinidae +
N. volucellus Family Cyprinidae +
Osmerus eperlanus Stint 25+25
0. mordax Freshwater smelt +
Ramphistona belone | Gar-fish +
Ronihitys | ity Coprinida +
a.aiiﬁoatc{z:tus Creek chub T
Tinca vulgaris Tench(Z WD) 483

B &% (e RS2 O 3BIRIIfTHhNTWARY) : Lieck&Agren(148)= 1 gB1/3ml FREY = *
— b -2h(Q0°C)Fr IR, HARMIR/: & %247, Ender & Helgebostad (112)=24K£ %4347, E.Kolb(127)
= 1 gB1/100g-h(37C) &K & % /3 ¥7. Deutsch & Hasler(180)=NE X X £ A % 2. Chaet &
Bishop(186)=21K£ % 73#7.
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F7Ir—CEERUI L (148)

Name Common Name Name Common Name
Aspius rapax Asp Sander lucioperca  |Pike —perch
Anarhichas lupus  |Wolf—fish Merluccius bilinearis |Atlantic whiting (101)
Clupea harengus |Baltic herring M. productus Pacific hake (101)
Cl. harengus Herring, muscle of(180) | Micropterus salmoides |Largemouth bass (186)
CI. sprattus Sprat Osmerus eperlanus |Smelt
Coregonus lavaretus |White—fish Perca fluviatilis Perch
Cyclopterus lumpus |Lump —fish Pleuronectes platessa |Plaice
Esox lucius Pike Salmo irideus (Gibb) |Trout (180)
Gadus callarias Cod (180) S. salvelinus Char
G. merlangus Whiting (180) S. trutta Sea trout
Lepomis auritus  |Redbreast sunfish(186) Trigla gurnardus Gurnard
Lota vulgaris Burbot
Table 21 BEROF7IF—EiEFHg®
Thiaminase activity (4 g By/ g-min)
Order Species Pyloric
B4 2k | N | A K& | R | B ca’;wm Pl | BB | HERERR
.. . NI TFAT 36 55 —— 79 65 71 123
Engraulis japonica > 21 | 31 | 25.758 94| 80| 83 272
Harengula zunasi | /% 49 (O]
143
Clupeiformes Konosirus punctatus| 3/ >0 61 90 16, 8 239 293 99 448 63
Spratelloides - 8, 22, |19, 583.] ) ()
| japonicus Ferd 26 9 ) 40 131
Sardinops s N
melanostictus X7 5 14 00
Cololabis saira ~ |#>% 09 | 12 | oD | 160|364 24| 720
19 272] 210 494
42 12 1921 298
Beloniformes | //emiramphus sajori|¥3 Y — 120l 353 262] 540 303
17
Prognichthys agoo |NEDH 47
%ﬁfo’t’z FITUSY 0|6 10| 170 147 177
S thif
¥ nflgzs 0 Fystularia petimba |7 ¥ H S 455 145
it ¥4 O] o | 4
Katsuwonus w . .
Perciformes | pelamis nIE 5 0 ©
() ()
. - _ _ 44 1231323 337
Mugil cephalus RS 107 8 8 a1l 3| 1269934 67
\__v—/
Cypriniformes| Carassius auratus |77 15 571 209 1087 450 85
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Table 21 (&)

BEATF7IF—tRHEOHBDW

Order Name of Species
Clupeiformes Etrumeus micropus DAL T
Anguilliformes Astroconger myriaster X7 Fd
Muraenesox cinereus NE
Pleuronectiformes Paralichthys olivaceus ETA
Limanda herzensteini THUA
Limanda yokohamae <aHgLA
Tetraodontiformes Fugu rubripes rubripes A/
Lagocephalus lunaris HINT T
Stephanolepis cirrhifer AINF
Scorpaeniformes Sebastiscus marmoratus ahsgut
Lepidotrigla microptera HFHS
Chelidonichthys kumu RIRY
Anlopiformes Saurus undosquamis I
Squaliformes Squalus mitsukurii W ) A
Perciformes Apogon lineatus T4
Pennahia argentata 12%F
Scartelaos histophorus Lydoy
Branchiostegus japonicus THTRYA
Caranx equula HATV
Parapercis pulchella rFFZ
Chrysophrys major <51
Decapterus muroadsi LYY
Histiophorus orientalis NavhIdF
Lutjanus sebae YR
Mylio macrocephalus A &l
Nemipterus virgatus A4 r3VFA
Pampus argenteus FHIF
Priacanthus macracanthus FhFYTA
Psenopsis anomala AR
Scomber japonicus YN
Seriola aureovittata EI<Y
Se. quinqueradiata 7
Sillago sihama F X
Therapon oxyrhynchus RAYF
Trachurus japonicus X7
Trichiurus lepturus YFIF
Upeneus bensasi EXY

The reaction mixtures consisting of 1 ml of enzyme solution, 1 ml of Mcllvaine buffer (pH5.5), 1 ml
of 0.06% thiamin hydrochloride and 1 ml of 0.1M pyridine, were incubated at 37° C for 20min.
The activity was assayed by diazocoupling method as reported in the previous paper(8%, and
expressed as ug of thiamin hydrochloride broken down per g of tissue weight per min. 5
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TABLE 22 NTA THIhDBRBFLANMENIRORES =B &4 O

Hawaiian Anti-thiamin activity !
Scientific name name Common name Enzymatic Thermo‘;table
Acanthurus dussumieri Palani Surgeon fish 0 0
Albula vulpes Oio Ladvfish 35 124
Aprion virescens Uku Green snapper 100 270
Caranx ignoblis or
C. sexfasciatus (muscle) Papio 100 85
Caranx ignobilis or
C. sexfasciatus (liver) Papio 518 211
Caranx mate Omaka 0 0
Chanos chanos Awa Milkfish 560 130
Coryphaena hippurus Mahimahi Dolphin 119 124
Decapterus pinnulatus 'Opelu Mackeral scad 0 0
Etelis marshi 'Ula 'ula Red snapper 118 101
Euthynnus yaito Kawa-kawa Little tuna 0 0
Katsuwonus
Aku Skipiack tuna 271 216
Katsuwonus pelamis(liver )
Aku Skipiack tuna 1000 168
Kuhlia sandvicensis Aholehole 105 186
Makaira ampla or
M. audax (white flesh) A'n Marlin 0 0
Makaira ampla or
M. audax (orange flesh) A'u Marlin 77 111
Family Moridae Black cod 124 230
Mugil cephalus 'Ama 'ama Gray mullet 70 114
Mulloidichthys auriflamma Weke'ula Goatfish 106 44
Mulloidichthys samoensis Weke'a'a Goatfish 249 432
Mpyripristis berndti U'u Squirrelfish 0 0
Neothunnus macropterus Ahi Yellowfin tuna 265 95
Parupeneus multifasciatus Moano Goatfish 128 0
Polydactylus sexfilis Moi Threadfish 110 92
Priacanthus cruentatus 'Aweoweo 0 0
Pristipomoides microlepis | 'Opakapaka Red snapper 265 35
Scarus dubius Uhu Parrotfish 30 79
Scomberoides sanctipetri Lae Leatherback 46 76
Seriola dumerilii Kahala Amberjack 0 0
Sphyraena barracuda Kaku Barracuda 0 111
Trachurops Akule Bigeye scad 184 167
Xiphias gladius A'u Broadbill swordfish 155 28
Prepared fish
Katsuwonus pelamis Aku Tuna. freeze-dried 970 2 1290 2
Katsuwonus pelamis Aku Tuna. salted dried strips 564 2 2122
Tuna. canned Haw'n branch 0 0
Clupea harengus herring, salted drv 485 2 277 2
salmon, salted 93 215
Other seafoods
Ommastrephes hawailensis squid (fresh) 254 61
Helcioniscus sp. Opihi Hawaiian limpet 75 91
Polypus marmoratus He’e mahola octopus (cooked) 0 0
shrimp 0 0
clam 2640 120

1. Anti-thiamin activity is expressed as /2 g Bdestroyed/100 g of fish tissue (wet weight)per hour. % D% 5
AL TpH4.5, 38°C,4 eI IE T4 H7 2. Activity is expressed as dry weight. Thermostable {3 100°C, 20 7 InEVERIE L 7=,
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100g 08 1 BREICHBRTEZSHESI B B

Raw Carp entrails 16mg Spitzer et al.(6) 1941
Bracken fern 13mg Fujita (24) 1954
Muscle of Skipjack tuna 0.3mg Hilker & Peter (187) 1966
Clam 2.6mg Hilker & Peter (187) 1966
Bracken fern dry powder 200mg Evans (32)(100) 1975
Fistularia petimba 870mg Ishihara, T. et al. (45) 1973
Engraulis japonica 348mg Ishihara, T. et al. (45) 1973
Anaphe pupae 900mg Nishimune et al.(188) 2000
179EKFR B, REEAN BEADFT7IF—1H  Res.Bd.Canada 11, 529-34 (1954)

I DFEN W I7FATIHERBIILBIY
A, 71 DL B | OBMENR. BKiE40. 671
—74 (1974)

(175)Alexander,L.., Green,R.G., Evans,C.A,,
Wolf L.E. Alcoholic encephalopathy in man and
fish-diet-disease in foxes and fishes. A study in
comparative neuropathology. Trans. Am.
Neurol. Assn. 67, 119-122 (1941)

(176) R M 7)) BEEAHELTOY Y. A
TIFATL, T Y, ABRKFREFHRLE 3,
116-207 (1965)

Q7TNAR . E B AKEH, REEAN &
EROFT7IF—FIOWEM H&¥IFAT
ko THBELENTYFOFY I VERE. H
K3k 44, 659—664 (1978)

Q78)aFE EB.HAHEA MK #. LD DT.
ANKREH BEAOFT7IS—HEI1OHREV
HITFATIIREBNIFOEESEKEBLEB,
R (2), BKFE40, 775—81 (1974)
(179)Wolf, L.E. Fish-diet disease of trout. A
vitamin deficiency produced by diets containing
raw fish. N.Y. State Conservation Dept.
Fisheries Research Bull. No.2 (1942)

(182)White,J.R. Thiamin deficiency in an
bottle-nosed  dolphin
truncates) on a diet of
J.Am.Vet.Med.A. 157, 559-62 (1970)
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Table 23 ABEF7IF—tO9H 0

Family Name I Common name Thiaminase
Freshwater fish
Lepisosteiformes | Lepisosteus osseus or oxyurus *Garpike -
Amiiformes Amia calva *Dogfish , Bowfin -
Salvelinus namaycush tLake trout -
Salmoniformes | Salmo irideus *Rainbow trout —
Salmo trutta *Brown (sea) trout —
) Coregonus clupeaformis +Whitefish +
Sa(l;l:;?;f;:l?es Leucichthys sp. *Lake Michigan chu1.) -
Coregoniformes) Leucichthys artedi arcturus *Lake Superior 'herrmg -
Prosopium quadrilaterale tMenomonee whitefish +
Osmeridae Osmerus mordax *Freshwater smelt +
Cypriniformes Cyprinus carpio tCarp +
Carassius auratus *Goldfish +
Notropis atherinoides **Buckeye shiner +
Pimephales p. promelas *Fathead minnow +
Semotilus atromaculatus *Creek chub +
Catostomiformes | Catostomus c. commersonnii *Sucker +
Ictaluriformes Amelurus melas *Black bullhead +
Ictalurus punctatus *Channel catfish +
Umbriformes Umbra Iimi *Mudminnow +
Esociformes Esox lucius *Picke -
Moroniformes Morone chrysops tWhite bass +
Perca flavescens *Perch -
Perciformes Stizostedion v. vitreum tWall-eyed pike -
Stizostedion canadense tSauger pike +
Ambloplites rupestris *Rock bass —
Huro salmoides *Largemouth bass -
Centrarchiformes | Lepomis gibbosus *Pumpkinseed -
Lepomis macrochirus *Bluegill —
Micropterus d. dolomieu *Smallmouth bass -
Pomoxis nigromaculatus *Crappie -
Lotiformes Lota lota maculosa tBurbot +
Marine fish
Gadiformes Gadus morhua +Cod —
Melanogrammus aeglefinus +Haddock -
Scombriformes Scomber scombrus , *Mackerel -
Merlucciiformes | Merluccius bilinearis *Whiting, Hake -
Pleuronectiformes | Limanda ferruginea *Yellowtail flounder —
Pseudopleuronectes americanus | *Lemon sole, —
Pseudopleuronectes americanus *Black backs —
Sebastiformes Sebastes marinus *Red fish -
Cypriniformes Unknown Lebeo sp. *Dabs -
Clupeiformes Clupea harengus **Herring +

* Whole fish. t Viscera. + Eviscerated fish. The whitefish showed 65% destruction.
** From observations of Wolf.(179




