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Distribution of a Vitamin B, Destructive Enzyme in Fish. 

H. F. DEUTSCH AND A. D. HASLEB. (Introduced by H. C. Bradley.) 
From the Laboratories, Herbert A .  NiemQn 4 Co., Cedarburg, Wis., and the Department of 

Zoology, University of Wisconsin, Madison, Wis. 

‘‘Chastek paralysis,” a polyneuritic condi- 
tion in foxes, has been produced when certain 
raw fish are included in the diet. Green et aL1 
showed that it could be cured with thiamine 
and more recent1y2v3 that the pathologic mani- 
festations resembled those of Wernicke’s dis- 
ease. 

The ability of carp tissues to destroy vita- 
min B1 has been reported by various investi- 
gators. Of these Woolley,-’ Sealock et d.,” 
and Spitzer et aLG suggest or recognize the 
enzymatic nature of the destructive factor. 
The latter workers showed that the destruc- 
tion took place within the feed mixture. 
Deutsch and Ott7 reported that thiamine 
destruction by freshwater smelt is likewise of 
an enzymatic nature. Wolf8 found that buck- 
eye shiners and saltwater herring are active 
in this destruction. The “cold storage her- 
ring” reported by Alexander et aL9 to destroy 
vitamin B1, appears to be the saltwater herring 
(Clupea harengus). When trout were fed a 
diet containing this fish, the pathology of the 
central nervous system was analogous to that 
usually encountered in avitaminosis B1 in 
higher vertebrates. 
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The purpose of this investigation was to 
study the distribution of the enzyme in fresh 
and saltwater fish by assay of as many species 
as were readily available. 

Procedure. Fresh whole fish* or fresh fish 
viscera were finely ground to give a homo- 
geneous mixture. Two equal portiom were 
weighed and one was heated at  100°C 
for 15 minutes to inactivate the vitamin B1 
destructive enzyme if present. Equal amounts 
of dried brewer’s yeast were then added to the 
raw and the heated portions, sufficient to 
provide 420-450 y of thiamine per 100 g of 
fish preparation. After thorough mixing, these 
preparations were spread out on a flat surface 
and air-dried at  room temperature under 
forced ventilation. Under these conditions 
4-5 hours elapsed after mixing before any 
appreciable drying took place and the total 
period of moist contact of fish and yeast was 
approximately 1 2  hours. Previous work had 
shown that this period was greatly in excess 
of that required for complete destruction of 
the added vitamin B1 under these conditions 
when smelt (Osmerus mordax) were used. 

After thorough trituration in a mortar, a 
portion of the fish-yeast mixture (1-2 g) was 
assayed for vitamin B1 by the standard thio- 
chrome method. The presence of the destruc- 
tive enzyme was indicated by the disappear- 
ance of thiamine from the unheated portion; 
if a trace remained i t  was usually less than 
5% of the original amount added. 

Results. Typical assays are shown in Table 
I. In  Table I1 are the results of the analyses 
for the distribution of the enzyme in the series 
of fish examined. The species analyzed are 
arranged in taxonomic order. 

* Most of the species common to the Great Lakes 
region were furnished through the courtesy of 
Smith Bros. of Port Washington, Wis. The salt- 
water species were provided by the Atlniitic Const 
Fisheries Co. of Sew York. 
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TABLE I. 
B,/ g unlicated 7 B,/g heated Presence or 

fish-yeast fish-yeast absence of 
Fish assayed niis t urc mixture tlie enzyme 

Freshwater herring (Lrucicht1iy.s cirtcdi ai~cf?rr*vs) 17.3 l i . 6  - 

Crappie (Poiiioxis iiigro-iitticulnt ? i s )  11.8 19.9 - 
Sauger pike (StizostPdioii c. criutrt1m.w) 0 2 l.!) + 

9 )  7 7  7 9  > 9  7 9  13.8 16.6 - 
9 9  9 7  ? ?  9 9  7 7  38.4 17.9 - 

TABLE: 11. 

Presence or 

Family S a n i c  

0 s 11 i c r i (1 w 
S R 11 I  I o 11 i ( 1 ~  

('wtostoniida 
-4 nleiu rida 

Cent rarcliida? 

) r .  (7.7 rl)ikc (Lcpisostoics os,sccc.\ o.t yicric.\) 
*I)ogfisli ( A  witi c t i l ~ r i  J 

'1,:ikc llicliigan clrub (I,rvrcichlIr!/.s ~11.) 
'Lake Sulicricir licrring ~ f , t ~ u c i c / i f h ! / s  ctrlcdi t~r*cfieries) 

t I\lenonionec ~IiitefisIi (Prosopt (1 1)) c!/Iint/r~rcctii~t qiictdrilaterale) 

tLake trout (Cristiwonicr 11.  ~r(oiwiycus1i) 
'Hainbow trout (S(i1irio piirtlncrii irit1ric.s) 
"Brown trout ( S d i / i o  truttcr f<ir io)  
t ( ' a q i  ( ( ' y p n i t u . ~  ctirpio) 
"Goldfisli (C~ircrssiics tiiercrf u . 5 )  

*Creek chub (Sciiiotiliis (1 .  nfroiitaczi1ntu.s) 
"Fa t l i t ~ i  d ni in  n ow ( P i  n i  cpli t i  1 s 1). p r o  tit cltt s) 
$Buckeye shiner (A'otropus athcrinoides) 
'Sucker ( ( ' c i t o s t o i i i i i s  c .  coiit i i i f  rwriiiii) 

-Bulllitlad (Anteirvrus in. ntt  las) 
-Mud mimiow (ITnt hrrr I t  r r t i )  

t Wliite bass (Lepibcniri cltry.sops) 
t\\';ill-eyed pike (Stizoslcdzoit r .  ritrc'ir i i i )  

-Perch (Pcrcci pnvcsceiisi 
t Sauger pikc (Stizo.sfctlroit c. cwiintlc i i w )  

+('ra 1 iliitb (Poii ioxis )t  igro-  mncicltr i u s )  
"Lnrgemoutli bass (Huro selnioitlcs) 
"Smallnioutli bass (Micropterus ti. tlolontir t i )  

"Pumpkinseed (Leponiis  gibbosics) 
'Bluegill (Leponiis  ni. ntacrocliirus) 
*Rock h s s  (Anib lop l i f e s  r .  rupc.stris) 

\Vliit(4isli (C'ortpgo/t?c.s clicpctiforiui.\) 

F rt,sl I  IV a t (ir smr~l t ( 0.w t cr u s  ni o rtltc x )  

( '1 ia nn cl cat (I c. f ti 1 u r i is In c t i s i  ri s pic ii c 1 (i 1 i t s )  

Pickerel ( E m s  lucius) 

tHurbot (I,otcc lof t1  iilclc~clo*scl) 
Sa 1 t W H  t e r 1'0 r ni s. 

$Cod (Crcit1ic.s )it orrli iia) 
$ H:i ddoc k (M el(/ it oy r(i i i i  nt ics ( I  i>Tjl  E f i / i  I / . \ )  

"I\iac.kwel ( S c o n i b t  r .scorubrrts) 
'Whiting (Mcrluccius b i l inmr i s )  
*I,( moil sole (Pseutlopleri roiicctc s ti ritericn/r ics tligitci bilis) 
"Yellow tails (Linicintla feiricgiiieci) 
ic B la c k baca k s ( Psc ic ( lo  pl eu ro ii 6 ct es (i 111 er icrt it ti s)  
+ Red fi s1 i ( S c i  bnsi e.s m i  riit us)  
"1):ihs (unknown species) 
p Herring ( C 1 ir pea  11 ti reirg u s )  

* Whole fish. 
t Viscera. 

6 From observations of Wolf.8 
Eviscerated fish. The whitefish showrd ti5cJr destruction. 
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Discussion. The ability to destroy thiamine 
was found to occur fairly frequently among 
freshwater fish, but not in any of the salt- 
water species analyzed. 

Green et Q Z . ~ ( '  reported the enzyme present 
in herring from Lakes Michigan and Superior 
and in northern pike, whereas our results were 
negative with these species. Wolfx found that 
incorporation of the buckeye shiner (Xotropus 
atherinoides) into the.diet of the trout resulted 
in a B1 deficiency. Smelt (Osmerus ~ O Y ~ Q X ) ,  

however, showed no evidence of thiamine 
destruction under these conditions. Deutsch 
and Otti proved by chick and thiochrome 
assay that smelt contain the destructive en- 
zyme. However, it is noteworthy that Wolf's 
results on the buckeye shiner (Cyprinidae) 
are consistent with our observations on this 
family . 

In  3 analyses of the herring reported in 
Table I1 we were unable to show thiamine 
destruction. In  addition, mink feeds con- 
taining 20-30% lake herring (Leucichthys sp.) 
were allowed to stand 24-36 hours before 
being assayed for thiamine. S o  vitamin B1 
destruction occurred. 

Wolf's observations on the presence of the 
factor in .Atlantic herring (Clupea harengus) 
is the first clear-cut evidence of thiamine 
destruction by a saltwater fish. Green et ~1.l' 
reported that Atlantic whiting and Pacific 
mackerel contained this factor. Our analyses 
showed no thiamine destruction by  the Atlan- 
tic whiting (Merluccius bdinearis) and mack- 
erel (Scomber scombrus). Except for Pacific 
mackerel it is probable that the species were 
the same, but this is not certain because they 
failed to give scientific names. Moreover, 
their report on both fresh and saltwater spe- 
cies appears to be based on observations at 
different fur farms where these fish were fed 
rather than on controlled experiments. 

Investigators have reported various amounts 
of thiamine in the edible portions of certain 

market fish. Their failure to consider the 
possibility of an enzyme in the tissues, that 
destroys thiamine, is fairly good evidence 
that the following varieties do not possess this 
enzyme: 

('Od ( f resl1) 

Cod (muscle) 120 Raker aiid Wright12 

Fish" B1/lOO g Iiirestigator 
90 Munselll1 

Haddock ( frcd i )  42 7 )  

Halibut (fried) 180 9 9  , 7  9 ,  

Sardine (tinned) 90 
Whiting (raw) 90 :: :: ;: 
Herring (raw muscle) 
Halibut (edible portion) 84 Booker and Hartzler1.l 
Trout (edible portion) 87 " " " 

9-12 Harris and Wangl3 

"Scirntific iianies were not gircn. 

Carp (Cyprinus C Q Y ~ ~ O )  and smelt (Osmerus 
mordax) have the destructive factor, and 
when they have undergone ordinary marketing 
or analogous handling no thiamine is found 
in the viscera or in the edible portions. On 
the other hand, tissues which are quickly 
inactivated with heat after removal from living 
carp and whole smelt contain thiamine.15 

The taxonomic correlation of the presence 
or absence of the factor within certain families 
of fish is not constant; moreover, neither food 
habits nor environment appear to offer a basis 
of prediction as to whether a fish does or does 
not possess this enzyme. An extensive investi- 
gation of the saltwater fish and of the inver- 
tebrates may help in establishing any such 
relationship, should one exist. 

Conclusion. Use of the described procedure 
permits easy determination of the presence of 
a vitamin B1 destructive enzyme in fish tissues. 
The distribution of this enzyme in 31 species 
of fish in the Great Lakes region has been 
studied and its occurrence is rather common. 
On the other hand, our results with 9 species 
of saltwater fish all proved negative. 
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