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Twelyn 3. Cotli

Sraclon fern i3 o touxie plant rroving i cpen fileldz
snd along tho ed e of vonded srens, It i3 2 poleni source
of a thismin destreying feetor (thicmincse) affecting moe
nozostrie enfincls, it produces irreversible henntolozicel
chonges in rundnants and econtalns a eccreinoneonic frector
for both monozrstrie snimals and rmreiincntas, Censidorsble
vork hag becn done wiih thig forn beccouse it grous in nmany
fiolds, 1is &ifflecult to erazdiente and hng boen reperted to
be ezton by mon in sone sreas of the world,

nore appenrs to be disszreomont concorning tiho chcrde
e~l nuature and mode of petion of the tihd~mln destroyiny
foetor in braclicn fern, eporis indlanste that this frotor
is thormwwleblle or thomrostable or Lthind tio foctors cro
pPreseni,

Lials stuldy wws desipned to extond Investizations en
braciion thicminnse perticularly on the methods of enzymio
cxfrocbion and preservallion ¢l cnayme retivity in the fem

romt the tine of hrrvecst to Inltintlion of snelysls, Cinco
gunrestions himvo beon mods thet bueqelzen foera noy be texic

-

orly o cortinin slozan of 1%s davelomont, »l-nls colleetod

~ &



ILvelyn G, Catli

at different stases of nnturity vere mnalyzed for thiaminase
retivity.

ilecsurciient of thilamincse cetiviby was corricd out
uslng the proceduro devised by Keatent =hich was based on
the forretion of o pyrimldincenrine product, Pyrldine is
active in the treonsfer reaction coabtelyzed by braclien thine
ninnse lecdlng to the formation of cne mole of heteropyrie
thismin (IPT) per rcle ol thir:in destroyed. Heteropyrie
thismnin is couverted to a fluorecelng aubstance vhich cnn
be mecasured In a photofluwrornieter, Thiamincse cctivity waos
expressed o3 the quen®bity of thinnin in microsrang innctie
vated by 10 nillisrsnus of fern (dry weight basis).

The rceoults ghor that thero are geveral factors ine
fluencing the vorious steps involved in the saany of bracken
thisgminecses The preparation of broclken honosenate wog found
to be influenced by tho »il and the kind ol homogenizing
medium uscd; the optirmw pli vas aboult 8.0 and among the
differens solutions tesbed for homogenizing the fern, Yrils
buller plus cysieino and TRISTIIE bulfer were the bests Cone
plete extrrctlon of the cnzymie wes not achieved when bracken

fern wog homorenized with Tria bufler plus eysteine; 75 per

o]

cent ol the tobal thiciinose activity cppeared in the aquce
ous phase and 25 per cent in the residve, Yor this reancon,
beacken honogenates were used na a source of thianinase, This
honogenate was steble for 2L hours ot 597 and 1ts netivity

veg dosbtroyed by henting,

Time ¢f incubsztion during the assoy procedure inllucnced



avelyn G Catll

the mrunt of thi-miin desiroyed, Thie rato ¢f thilsrndin destrute

tion ecntlmied to Irerecse elter the first hour; hooover, tho

A ~» b) . - . K] m .. ~ LW 3 .8
rotlo of Lo werel of thiodin TaecllveLed crro o proseriionnd
Fomy By v -4 PR 8 B v, e ¥ on ae o Y e ™ v -
to homooenobo concontration, tTie Shlodn ronindng altor e

mintle resetion vng tominsted by incubnblon with strons

i~—a

211711 and tho rorweinin~ 1122 vrs onicdized %o tho fiuorese

ng
corpound, lencihylpyrichronine, The sgtrons ollcll vos feund
to have no effect on the golvonongher rondinns for tho shonde
el T golubions oven elfter incubaotion for 2 howr se

Yo provida inforrintlion on the chrngss in zetivity of
broclzon thinminese from the tine the plant wag harvested
1ntil enclysis ~ra oborted, frooh braclon fern uss brousht
to thie labornbtory snd subjectod to elther cip dryinsm, vocum
oven dryins, frecning, {reoncelrying, roelrisesstion o
preporation of an ceotong poulore 11 treaiuionts resulted in
consilecrchle destruction of cnoyia rehiviby, Sroclzon foxn
broushit to the lroberrtory In r brll of eserih surrcunding ihe
stens and the rocls wng fownd to be {ho bost wor Lo soecure
swmlea for dehermining the eonconbzotion ef thimdinecse in
the Trech form,

ThiamiIncse vng found Lo Lo present in breelion foran ot
011 stoanes of dovelopmonde Its eoncontration increnced ns
the &y volshd por lenl Inereorsed, febivisy wrna found to be

L)

hi-h In She bl-Jdo snd glon bvubt net in the roots gnd siipe,

1 Y - -~y - -
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Dmrelien forn hira beeon dezeribhed b Drald (1919,21959)
£3 2 betanistts pleoythineg, cn rezound ¢f 1tg chirrnclorise
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turrl pest tocausa 1L grovs An nicny pooturo

- " -

cuvlt to ercileantas It atirneted the intorect of cniorwolow
cists ~hon ecdysones, hilch rejulnte moltinz and nzi none

phosls iIn insecta, vere Lsclatced from the &y pimmco (Top
I 4 . -
lenmdo, &% 2., 2287, 22223 to thizze nre tho veterinarian's

problenr and the nuuritionistt's corcorm ctoui the torie

L 13 1. 7. a. L.
‘Mg nadzonous notirs of brrglzcn form Do Leoih mons

sostreic enin-ls end raindnqnis - boeom rerioned by Tinsse

I‘
'\
¥

f.-'-l
j‘
{

I"ehhelasm ~rd Torns (1966), It 13 noe

*

ceomined thot broaclen form Jeztreys thiamin in the ration,
an? this 43 rosponciblo for {he sormiors 3e22n in nenonastrie
2nin-la, This 1z not the ehoe Ith rmodnonta fed broclio

»

orite “uoy develen irreovaercibls hom~tolozlienl ehrmzes end
cg yoi no suLsitanca 1g dmom to nllevinie the condltion,
In recent yeors, cttontion hes claso beon fecused on o
cortaln toxin{(s) in youns, cetlvely croving braclkon fern
which roproduces nany ol tho elfects ol radiation; tlicse

include intcotinnl sdeoncearcinomn in rats end Jepaoncse cunil,

1
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pulnonery adenonas in mico, end homaturlia ond blzider tumors

In rvines pizs and covs, The noture of {his tonin(s) io

[ 2T B T o - {ra7 "
revioscd by Jveas {15520,

-, IS O R b SR R cm -~ e £ JP S FR I s Kd ~
Jho hiladin Qeeteoydnn footow Lo broekoen fevn i3 of

Lo mos g ou e Ao . JPTR - PR PR PR .. L inm
Intorens net orldy bosoune ho foon g cotoa by oendianle
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Lontese Thls noy nlso be true In other paris of |

Troore 13 80ill 2 econtroversy conecrnlnn o chendo-l
naowerg onl nnds ol cetlicn of Ui Lhil-cafn decteorisg Doslor,
SCHOYLs e Loca winls Lot Wils Thebor o il UliTie
Aob1ls or thermnotille o Lo fachora are proaent ir

LO1e presoat oRll ran o
prelzon hfodnose parcsisul
ostmaetison and prasereitlon
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tha Clffcorent ports of the fern, In Ziwlivida l Jorns



3

cloocified undor tho cune stnze of nrturity cnd at Qifforont

ebres of developnient,
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-8 precosee of o Lhlnndn desteoyiyg foctor in fish

- K e oy o b n Ty - - o 1

wes flrst reporield by Swncon, Corlson ond vens (10L1)
. . . - -3 PR JUPGURE S 1S =

feon thel» obsorvation 1a 1932 of o porclycsing diconze

2 foies cii n rroreh oed b . Je Do Chicoholr nonr Glone

¢oo, ‘Innesoba, They domonstrzeted that tho dlsecse vhileh

kra boon relerred o o TlkinctolX pn:;:.l:,*s‘ls" uag o thiazaln
b

o3 ol ony ey froLon

&)

i1she The dollclcrey occuwrveld nob Locruse tlie dlob vos low
in thlordn, but rotlhior bocauso e £1sh deglroyed the Silowe
rine Thals obsorvaslon wos contirmold in chieln by Cpitzew
end ebhera (1251) and in a lster erporlnient with foucs b
Crocity o6 cLe (19427,

operluonts econductod by Ueolley (19451) ghoood Vhob

the cctlive principsle in coyp exircel wos not &lzlyzobloe,
unatoile to hoot and hot the Uldrmin desureyiny cetion
vas net lnctontancouse wwilonco of tho estalyblie noture
of the recctlon susseciing thet tho thiomin destroying
foctor is an encyme uns schievod by fealock ond coevorkers
(1943) ond by rapitz and Uoolley (1904). Litcrature on
tho Chaatek prrolysla foelor has beon revievoed by Tudlzl
(1949) ond others {Tuir. Rove, 19420,

)

“r
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Thismdncse 18 an ennyuie that entnlyses the fission
c the moilyloncequortormoryenitrosen bond of thiaomin in
tho presence of cortrin onines {(Ceaxloclz ond Dnvis, 1909;
ujitn, €5 rl., 192225 oolloy, 19531 Uhie renciion ine
volves tho transfer of tho pryrindlldine rwicty of thiarin

to the artne, Using a specifle aoine 23 an exnrple, the

re~ctlon eatalyzed by thirminnse 45 chom in ths folloving

ccuction
€1
i3
flf=(|7.?.'ﬁp C= C'qm-'z’fl’fanf
ot / . .
i ' o] hloninaso o
Towl  Callloml] + “hicrdinnse
) II_ “ (’ji\ \ /
ii—Ccay - CI:—S
11
Pyrinidinoe "hiacrole Iyriiinre
lolesy olety
hismin

-0 ¥~T~wlrl ‘2| -0 b,l.r-' .x)p-h ~dgr oy ~ -

.h,,lw.iﬁ"olil 1 ehloride

\-(’4-"‘ inom2encthylaryrinidyle

{IIHB
L—C-f‘.’l:e C=Co.,112'7:’> 1

+/ /

;1.3.(1 (‘ﬁ._ ..;.:)o + H
!l y‘zz T W Np—z
I
Fotenonyriihinnmin “hilnrnole
la (Ll nomleric thrlepyrinldrle
S-ﬂcu¢wl)-ﬂyr¢din un eliloride
*Lthoush the specles of enimels end plants contelining

thisrdnrse cro nst nuierous, the tronsfer resctlon hno Leen
sho'm In fishes, shellflshes, breteria end Fteridophytes
( wsite, 1974). In contrrgs Lo this rerction, iujita, 'ose

end Turct-ni (19:1) showvod thed the breteorium 2nelllus
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ancurinolyticus Ximura et /oyonme produces thiominasse enpable
of eatalysing the hydrolytic eleavose of thiamin ceeordlng
to the ecquation
PeClye T U0 ewp P wCUxCH 4 © ¢ H

vhere P gnd 7 represent the pyrimidine and thiczole comme
ponents of thismin respectively,

The prescnce of an antithiomin factor in ferna was
first demonstrated experinentally by leswiz, “reed snd
Hasz (1946) vhen rats were fod a ration econtaining L0 per
cent airedried bracken and sdequate thismine, This work
was duplicated and confirmed by Lvens and Evans (19499) who
suspected the tannin fraction of broacken as antaonistie
to thianine In 2 eimiler study, Thomas end alker (1949)
showed that bracken eonteined a thermoladilae factor eapable
of dsstroying thiasrin and that this substance was not chbe
sorbed in the put of the rat as indiested by the relatively
high ecpncity for inactivation retained by the feces. Studles
by Roberts and others (1949) reproduced the bracksn staggoers
in horses similar to thoge reported by Hadven end Bruce {1920,
1933) whiech thoy successfully trosted by thiesmin therapy,
Further exporiments were conductsd by Carpenter snd othors
(1950) using rats, ponles and heifers, It wns cbserved that
ths last grouwp of enlmals did not rospond to the adninistrae
tion of vitonin B3,

Tvang, et el, (1950) and Hang and others (1950) were
gblo to extract the thismin dostroying fastor from ciredried

and frosh brackon, respectively, ond roported it to be on



enuynioe he former group supported their finding by choving
chronatosraphle cviionce thot thilasncle wig one of tha prode
veis of the enctmatie re-ectisn,

£t this time Inlenendent stuldlas conduecteld by Jome~yl
(191:9) 1n Suitzorland shouved that the active prineinle in

the exirzcet of broclion feorm wros themislcohile ond paszced a

61lr1yzing rerbrane, Murther studiios vere rds on the chorle
erl neture (Teneryl and Tollen, 1979) ond the iaslation

(7 01lem ond fomomrl, 12€1) of the thomicstrbhle fretor

)

vhich vag finc1ly schieved by Derater ond feonsyi (29467)
snd Llentified rs 2,)elibriromrecirn-mia reld.

Muegulins thelr errlicr £indings on thoe rproscence of

8 thormelasbile thirmin destrorins fneter 4n braslon fomm,
Tvera end Jores (1952) ohsorveld thst dl-lrsiz of brroslon

*,

esraet seprratcd tha enrme iInto g homwestn®le “econnymo”
sl a thormiolsablle Yoncoenmmis” frretlon, boill of vhich nro
required for cormpleate enmyme nedlion on thisrmin, The 1done
tity of the 'comlrstor” 4n ‘)?rc‘:cn thimmirrse waz stulled

by Untkin snd cthors (1953}, 'ﬂmy roporied hat soverrl

p]

rictcestbatituted aromatic nrinea could ret ng orsificinl
"ecomfretors” to the rpsonzyme of hoackon end that this
elfeet vrg clindlar to the enrymo mystom procont 4n eors
(Coslock and Doviz, 1919}, shellfish rnd breterisl thlomie
nese (Muilsa ond Techirz, 1972, The work of Mulfiora and
atoul (1953) 49 in rorocnient vith tho findinss of Vatlkin
and othera (1972) a3 showm by thelr choerveabtion that broeclon

18 PN

Fal - . P - vy Y
Porn hog tro difleront Hinds of sntlethinn

IJ.



thirndnrse end & Lhomawstsbls frcior, Thoos o foctors
wore cheroeterlizod by ulita cnld co=uorkera (1900),.

In plante, tho therolablle cnd theomwobtsble thirnin
desiroying Cnetor are present Iin ferna (Pujluera end I'ntsul,
1933) ond in coelscord (uiite, 197h), Cn tho other hand,
the thermectcbls feoetor hag beon chom by Shingvat ond Dovi
(154, 190h%), Mujite (190hL), Tundis and Comesyi (1901L)

3

snid Ookarobto end M™ujita (1956) to be presont in certnin

ccrenls, frulis end veretobles,

tanaor of Dreral-an "hi-rir-ng "chtlvidw

The preecdureo for the quantltstive essay of thlaminace
ectivity oppooring in the litorsture vories considcerobly,.
beeouge of dillcrences In nctivity bebtiecn {ich, shelllich,
bacteria and plent thimalnases ((jita, 1904), thils scetion
111 dec) malniy vith braoekon thisminnze, Thisminncso zetividy
Loom othor sourccs vill be dlscussed only to elarily cerbazin
poinrtso,

Provn-wrtion of thicminacse erbroeth

Tho i-portance of pil end bulfer used to propere
braclzen horosennte has been reportod by various vori:ors,
Ivens end othors (1950) and Konten (19579) shoved thst tho
octive factor could wa extrceted firom brrelken leaf with
chlor 2 mamober ob pil 3406 Miisn, ¢t cle (1955) also
found this duller to bo effcetive ra woell o3 other sclum
Lisna 1like phecphate bufler at pIl 7.0 and 10 per ccnb

recotonc. {n tho other hond, Pujiiara ond Matsul (1952)
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used vater to prepore broclien extrrein,

TuLlizlied stullsy oa beeelon thiladicso have doald
princpeily vlth characsexisotion of its encyantie peiiviliy,
Cnly too s%alics huve inciuwled purilication procolares
for this ennymee atlidn nnl cowvorizers (1575) revoricl a

ntethod for purilying the enryie thifich ecnn bo prascrved in

the {racooedricd gonta thile lenten (15.7) deceribod @
partially purilied thilmudningo predrratlion from vater

exirrecbyg of driod foima leaves thilclhy oorva a 30 por coni yleld
e o e e P .- e , K — : - O P X N, .
represontlng a prriflcatlon of oboulb (lei'cld,

Porpfiltan of thiamincon afhnegl 39}

-
L} Eel
Ry

14" ?"’\

2.
i

Clervnne of thi-nin by br-eclen thivilanse 43 Inlflucnced
by different foetors, Those include plI of the reaction
nizture, the incuhaotion teoporature ond tho presenco of

cetivators or inkibisoera,

fecults of omperiments eoniuctoeld by Unns, et o1, (1950)
shoed thrt enrratle rciivity increnses fron pll 2,0 to 5,5
or 6.5, the eorceniration cnld raduce of tho bulicrs uss
elfecsing tho enuyitle procecss, [lrdlorly, Mujlicrc cad
Tetoul (1953) fownd ihiliatin dancetivation to Yo orenbosh
betvcon 7 end &, Mujiita, et oy (19°7) b pil 6,0 ennd lcaten
(1507h) in tho nel lbo.di0od o8 Tele
(2) Cerporciuro

incunadtion terpersiure Hcd o nelod edfost va ¥
roietlion ralo. Tany and owlicrs (15750) fownl L6 enayas

easivity ta be 1o ol 2577 wnld incrensed to 62° bub o
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700 the asctivity decreased, Fujita, et cl. (1955) showed
that with a rise in tempersture the decomposition of thiecmin
became higher, but at 50 end 60°C, decomposition remsined
the sane,
(3) Inhibitors

Several substances have been implicated as inhibitory
to the enzymatioc resction, “monz these are "31i04 (Heag,
et £l,, 1950), Cu*+* end ¥n++ (fujita end others, 1955) and
fa + *and ?o*‘**(?ujita,.195u).
(4) tctivators

©“1th the finding of Senlock and Livermore (1949) that
mesaminobenzyleljemethylthiezolium gchloride ineressed the
destruction of thiamin by earp thiaminese in eontrast to
the owamino analozue, they hypothesized that the setivation
wns due to the former compound's combination throush 1ts
amino group with the Semethylene group of the pyimidine
riolety g8s 1t 1s split from thismin in the course of the
enzyme reaction, In a subsequent study, Seslock and Davis
(1949) inecubated desicceted earp viscers, thiamin end
menitroaniline and isolated le{2emethylebeanino«pyrimidyle
Sencthyl)emenitroeaniline, They soncluded that amines enter
into the renction st a stage which probasbly follows the
formation of the enzymeesubstreate cormplex end ere sonverted
to a similar pyrimidylmethyl derlvative, They further steted
that because of the rolatively smsll emount of encyme intene
tionnlly used in the experiment, the ertificlslly added

recctor amine overtvhelmed the naturally occurrinz onse,
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L1th brackon thismdnaese, «weng snd Jones (1902) shoved
that menzinobenzele celd ond Yeriincwsalicrylle acld vers
rble to reploce the noturol cooncyme or neiilvote the 2700w
enzyre prodrced alftor dl-lysis of breclion ettenct, Fuliveora
end Mnteul (1953) cnd #ujflba, obf o1, {(1995) choved thint the
eronintic emine eniline and the heteroeyelic amines prriline

"

end quincline produced norked ceitivatlon of enrynntic doe
struectlion of thi-nin, Ths vrecores of ony of those gorpounds
13 reot sulficient to couse moilnel thisnin dostructlon bhub
£s indlcated by Kenten (1977%) tho eoncontration of tha
cetivator is ~lno imort-2t, fo cbsosorvoed that thiardinose
reLUivity incronged in pyridiine concenblratisn up to aboutb
0.00 ¥ and romr-inod eonchont over tho ronte of 0,08« 0.3 11
but vith ferther lnerasse in eoncontretion, the encymnric
getivity decronscd,

The pullhrdryl commound eystelno has also beon shom

to influenes thismin-se cetivity by Hoam, eh ol, (1050)

end Majita end othera (1950), fodlwa thlepulleatio cnl e
neotomd enorerphtopropyl ceebrto vere cloo clted by Fujita

(1950) a3 meiivetors,

Cnaprroniant, of $hianineng cebivity

“he petivity of thlamin ge hng boeun stulloed by collie
nating itas destructive retlon on thiecnin, Cf the various
choilecl nethods used for tho ecstlantion of thismin, the
coinpincirlie procelure of leinlelr and Micld (1939) his

been uced by leeleel enl obhers (19143) rnd noadifled by
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rrrpitz and Uoolley (194L) in thelir invostinnitions of
the clhrcracteristics of erxrp thirminsce, This method veoa

hap
i

later replaeccd by other proccdurcs ol

2o

er Tenlonk ond Coode

<

1and (199)1) renorted thet the sdlition of eystzine resulied
in Interfercnee of ecolox dovelopnonts

frother method for estinntir~y thiamin reoacinirn zfter
ercymatic recction 13 by the tlilochironio procedure, Thinnin

23 convertod to o bluo Lflucrmessling subatonee vhilch ean be

E 88 | - 3
meagurod in o photofluorarictor, o ricnoure thismincce ccw

r
[
4
(33
<3
IS
3
=y
te
3
o
-
.1
}-b

trer ond ethers (1941) ured the ricthod
deserihed by lennecay (19451) ~hile Znasedin-er (1955) veriked
cut o thischrome proccelure clindnnting oncyme kydrelycls
ond brooe erchan~e toehnicuzs,

M13ita and others (19722) rlozo rwdificd Ilenncgny's
rrocedure {1901) to stuly braclen thi~dnrcse netivity., Thelr
rov method w23 uced by the Jopancco vorkers in thelr subcoe
cuent studics of tricminsse from varlova sources,

The diandvontace of uwging the thicchreme method vhen

voriing with plant rwterials wves reported by Crod (L947)
Eo showved that thiochromae con be roduced by mony substaneces
prezent In plants ond converted to a non fluoresein: stbsionco,
eduetion vrg portisularly promwied by polyvhicnols, sollie
ecid, tarning, sscorble reld emd erstelne, Thia choorvation
veg confirmed in a simdlar experinment econducted by Tivans and
Dvans (19492) .

fnother method for estinating ihi~ndinsso netivity 1s

by the use of tho haco emchrnmo renebtlon, Itz uce stortoed
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fron the obsorv:tlon of "ujite, et £1, (16521) ihnt thinnin
bre-lziloom by thlaninnse 1s cetivatod by certaln bases, In
the presecnce of thlanin ~nd pyridine, thi-minrse eatnlyses
a brso erchange rorction formins hotoronrrlithicrnin ond thlne
z2le rrd thet the forrwr comound e~n be ecrvertel by clkoe
1ine oxidstion o nymlchronire <lich hrs a ~resricheycllow

Mlucrscconee, Pron thiz inlorac-tion, ¥enten (19772) developed

o nmetind for catin-tirs orrll srinurta of hebteroprrithicrnin
In the proesenee of thi-min, o shouved «wi1th thils methed using
both erude ertraets nd pretially purificd preporaticns that

In the rroceoncos of creoss enoyic, 92«97 nor ecnt ¢f the
thilzmin ed2ed waa converteld to heteronyrithlondn,

Tho monomet»ls mothod hrg rlss been gusmeztad fer th
me~suroment of thlsminnze cetivitye Decloek snd Liver-ore
(1941) end Tenten (1977) heve phom thot since the clerve
et of one meleeuls of Chiq-min 18 racorpanied by the relense
of o proton, tho 1iberntion c¢f extrn corbon 2loxlds in a
bic-rhonnte buTler eoulld bo moncurad, Vorkint with earp
thismin-eg2, Serlock end Livernicee (19%))) found thay the
ricthed $her developved 14 not sive resudllis sinilsr to those
ottninsd by other ehonicsl mothads,e Vith Breclon thisrdnase,
Honten (19770) ronaricl thet «ith his proceduro choub Celd
ny be Leost dn zils re-etions bub o reoe
conchle poreomart bot recn thoe eslenlated ond e pearinenta

ecrhon dioxile <oz £l
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Yo precenece of the thinmin destroring encyas in

fichez, chelllishes, breioria onl forns vould gu-sosh thet
it hog o gneeirl rols in the gpecles conlaininy 1%, Tirce
thero vwes no eonchent eorrelztinn bob con trxononis clocsle
ficction o tha feedin~ hrhits or hoblit-t ond the precenco
ol tho crilethisin factor in cordrin forillies of £ich ea
ronovriol ) n*'l”il"o.c el Pebter (1L96E) ord by Dovbtsch ond
flazler (1942), Henten (19772) ond Tuiita (1054) suorestold
thnt perhrps thirsmin-ss heg cone omeelsd) role in these

in ~hizh &4 15 founde I vivo, 1t oy ko lavelved
in n reonetion sovvion Lo mond orconfong +hile iIn vih»y 14
nry cnly zhow setivisy oith thilaatin,

M1jita snd others (2077%) hevs chorm thed tha tronsler
renction 43 roversible, Inewdhstion 27 verdous nyrinidyl
bases ond thincole with £hallfich, iz and broterlal thine
minnce preoduced thismin, flthor~h Menten (1987H) found no

evlidinirea o cuch a rorelion t-ldns »lrce vith brrelen thice
nin~oe, hoe surzestod thet such a role of thiridn-za venld
nresnose Allferent potlhiriays of thisrmin gmthesls in, for
ex~rmle, difforent bus clesely »olrted fichos (19770).

The revicr wmiiion by Muliia (1971) rrnd the verk by
Tenten (1957a) show that hi-rinocs 411 olso neh on sovernl
thlamdn conrlomues, Voollar (1972) hra olso shoun that pioroie
refid or pleroyllubonic feld enld B2 symthesized Ly 2 transe
Zor roccticon bolicon the prterldine ponlerue of Lhilemin and

perrinohcncsiszc neil or pecridinchenroylslutsnie acild uslng corp
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thianinase, 71lthoush ho does not consildor this the necds of
blosgmihocls of these cornpounds cince the yilelds cro exe
tromoly smcll, this sussests tho possibility of thilaminac

ng o pyntheslcing ennymeo.

. . .
Irmopb-ree ~nd Fozeihle Voeg of Thi~niaang

“he sisnifiennce of thlaninssce in humen and eninnl
nutrition i3 still difficult to evaluate gt thls time, It
hes beon pointod out in tvo reviewra (*udkin, 1919; Tuir,
NeVe, 1943) that this thinnin desiroying freior noy bo
uzod in the preporatlion of thianin free dlots &g a subge
titute for prolonsed autoclaving, Lvidence of success in
the producilen of By avitominesis erxperimentslly has been
chom by “pltzer and otheors (1941) in chicks, Smith end
Froutt (194l) in ents snd by Creen ond others (1941) in
fores, by rixing rov earp or horrinz in the diets.Vitumin
Iy delficlency syrptomg due to conswplion of brrcken ferns
vere domonsirated by Corpenter and coetorlkers (1950) in
rots and ponies snd by Doberts and others (1949) in horseca,

Tecontly, great interest hrs been glven to 2 certein

antitwror crent in the eormion quohiog, nercenapins, moveonnria

(Teqyelt, 19CL; Cehmoer, 196L). “tudies by Judne (19466, 1663
doronstreted that D322/2 riiee infeectod with rricid lewl:cnia
virus and mhintrined on a thisidn free dict choved no clinie
¢~1 nonifestrtion of the dicence ns cormmared with the cone
trols mointrined on s normnl dlet, It wos cwrmosted theot a

thi-oninssoe riny bo tho modoliby of netion of vorious sexlfood
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agzircts ¢8 oncosb~tic or oncocli-l r-ents.
who thlcein deostroylny enryio heg dbeen rorm-ried oo

h-ving no dircet benring on hiwrn nutrition cince 1t is
wililioly thabt rneny poople consume uncoolzad fich (futr. Fove,
1¢h3)e Ilolnici: exd othors (1SLY) considered 1t cthierm-ice
ard gtoteld Wt eoncilezebtlion chionll Lo siven to thlondnes
Sltiondns foctor In
rutrition, ey &ournsbrate’

w ~. . L LI T on .0 . . L ¥ -t g v B BN - - S
¢lrm3 voduend Ui oreldebllit of Qiceb~wy LLiioaln o8 neqoswred
- ~

Dy the thi-nin werction of non sukjects. The gomo oplnion
wes ghored by Mllker rnd Peler (192°75) when thoy shoved thss
to ol the most populer species ol £isly, the Volm” rnd "chiv,
cilelr rre frocaoonlly enten v In oo rll s "goollndl” esnizin
tal minnze, Thore Lo sovie conzorn cboul Lho poosibhle nvescnco
ol rutiebihinonin petivity L fich Dlcurs uvegad for RISh protein
foold suplencals oz Ixvu-n vae onl clsgo io use of [igh prode
ucts In salivl foonls.

Plihow h brockeon Lform o ned as popvler o food oo £Ash,
1% hos deont resorted Dy Julluers cnd IWtsul (1903) rnd by
Toabloel end Terrell (1352) to be o oeorimn fool ia cerbaln
rerte of the torlde & poscsibility, therelers, eslots thst
dagurstion o Clob-ry hlcrdin cculd roould fron cabln:

. P S X FLI . o .
ro op poriislly eootiod Tovn I0 concuiied

f Ll . 44-3’;.
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I-tineeutu (Doav, ) I.'z:-lazr.:] vng eollocted o Gillcront

—~ E1] - oy - . . 20 -
gtnnes of meturity fronm "prell to tusust 1950, It rrow

..

in a voodled nrea cb the fogoe Trlzo 111d4138%e periment
Jtotion nerr Ingb Loansine,
& medor of procelures rore tried Iin ~n ellordt to
presorve tho encymntic cetlvity from the tlac tho forn
n3 hrrvostod until the cnaclyticel veorlr could be gtartoed
in tho loberatorye. These incluled (1) {reshly cut fern
tronsported In o dey sonto or kept molst =1th eruchoed ice,
{2) vithin ton minubes cfter horvostins, the forn una nado
irto en seebone pouwder (lazom, 1925) or (3) traoncporting
tha Intret fern ond the cdhcring enril to thoe leborntorr,
*t the 1Iborsiory, the forns vers sorted sceording to
tholr gtrze of devolcopriont. Deseription of the various
stoses of mabturlby ond Gelinition of tho dllferent poris
of braclien fern ere chon in Trbles 1 rnd 2, inch fern wna
¢ivided inbto the blodo (3) ord cilpe (0) +hlech vers trosted
irdividunlly. Teperatlon of these 70 prris wos not posslible
for ferns ot tha [irgt few strzos of meturlty beeruse the

blade gppenred ag a dud or s s f1idlchend In a tizht "hook”
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'n abtermny ves nrde to ontroet the thirnin destroylng
ifretor in bracken Jeorn by Denbenta rethod (1977h)e To test
vhether 11 tho thiawincse could be extracted fren thie
fer, o frecncedried sarple wns honosenized vwith Iris
buller mi cysteinc, The volwiwe of ithe honozencie wns 25
xle -rom This amount, CL1 rl, waos talen for analysls oan
10 1, vos conbtrifused ot hi~h snecd for 10 ndmatea, Whe
cupernebont wrg deorntol nnd the velitio nrdle v Lo 10 xd,
with Trls aflor ~nd ervstelnn, Thila wure oo done o tho
raciduo, A N1 rl, suple from erch of these b0 fractions
weg trolton end cnclyucl Tor {lianinnca cctivity, . cobis
n~tion of 0,1 :d, cale from the to frestions was sloo
preparod and snclyzeds The rosults of the exporiuient oro
cho'n in Toble 23, “houi 73 por cont of the totol thinmle
rnese cetivity of the forn homerencte eppecred in the cquow
cus plirse #nd 25 per ccnt in the residue, “his exivrciion
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Table 3

Thiaminsse fctivity of Brroecken Fern Homosenate Versus
the ‘queous Phnase and Hesldue of theo lomosenate
and a Recormbinntion of the Latter Two

Form of Bracken Fern rdded Thiamin (7) Destroyfd by 10

to the issny Solutlon mze Freezeesdried 73+ Sample
Homogenate 1275
Sxtract 750
Residue 225
Extract end Residue 1088

1 The number refers to the stece of development and
the letter indicates that the blade of the frond was used
for annlysis.
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procedurse spprrently resulted in the destruction of some
activity since corbinins the recidue and extract produced
only 05 per cont of the activity of the untreantod horow
genate, flthoush most studles appecriny in the litorature
have usod tilssue oxtracts to earry out the esscy procedure,
the report of ‘oolley (1941) shoved that the squeous extract
ol earp viscern ves only 25 per cent as ective pa the carp
suspension,

In Kenten's procedure (1957b) the time suzgested for
honozenizing brackeon fern 13 2,00 hours,. in the preseont
study the enzyme vms not completely extracted into the
pupernatant after honosenizing the sample for the suzzested
length of times, For this resson en erporimont wes conducted
to £ind out i1f there wes s Ciffcrence in the cetivity ol
bracken fern homogenized for 025, 0.50¢ 0475, 1.00 and
2,00 hours, “he results Indicatod that ebout the same srmount
of thia~min was destroyed by the homozonetes prepared atb
differont lensths of time, Mrom thia observation, the holde
zonatos uced in subsequent determinctions were cll preprrod
for 15 niinutes,

Since complete extrrction of the thismin destroying
frzetor iIn brackeon fern was not achieved, the actlivity of
this enzyme was studied vhen dlfferont soluitions wore used
for the prepcratlon of the fern homozenstese A coporison
of the vorlous media for honossnizing the fern 4s shom in
Table li. Pfcr these experiments, the sare bateches of frcoozee

drlod fern at stame 6 ond cnother at staze 7 vere used for



fecee cegee (30C2'CTOT) T0T2  (CL22*00T) SLIZ eoute3si) & riIsil
ceeee o*tee (CCT2feote) cCle  {CCTe®oste) ot §IIIOIVD
6°C61 0*gle (£2C2°C0ST) €9LT  (CS6TPCS6T) 0561 eutessi) « 5T
262t 0*2sT (SL2TF050T) €9TT  (CCOT'ClET) St ) 4
grecT c*c (COCTSL6 ) €9TT (o6 520 ) €93 \ gII0
0*52T el (0C2TCSCT) S2TT (5L *csl ) osl gt e Erong
€°0CT C*9¢T (oset’ec6 ) GL6 (oaftfeoer) Sl2t 9ud I
- c*eeT *c21 006 ‘006 ) 606 (SETT*SETT) S2TT ro et
N 6°56 00 (5L6 *vsk ) €93 (0C6 ‘oGl ) £es o3
€°¢G 0°gh (CC6 Go9 ) ¢S T foah ) osh gToul 0T
C°CoT eadelons (ceb f0chb ) €06 (SLG fceb ) cf6 F1OI3USY
A G ¢l £L9
L3TATR 0, 09 LYY, eATauTOM PoLACIIBOr UTWUTUL x\ ITNTT J0398

UJO 10

T TOTIP=0Io0dy *Hw (T £q peloasiog URIOTUL

Nx TRe] LUTI TUD O]

THI0,” UONITII JO

£3TAT40, OESURTT, G

4 otars

SIOIING qUOIO,TT

var ~
LoL
g

JO OCLIONTJIUT



-uno..,..pmoﬂoo:mnoun+ou.maﬁwa m_n; naﬁf«\b.o gﬂmd..N aw@o.u.,mrﬁomc
£314T303 3001 TY oug o?,.u T0AOT cf u \.E JOJJNG STAT 0% POppY ToI OUIo3SAg™T 11 T°0

*(QLE6T) uwosudr £Lq pegIaosop s/ M

v *xtpueddy ut S3uelve;; TIT00dg POTITIUO UCTI003 ©0F J0JJNq JO UCTITEOGI0D 0 9
) *(THET) Lo1T100; 4Q POIaOs0D SBY ¢
*(€26T) oS3 puw vaesifng Lq poqraosop sV N

*gTofToUn JOJ POSN S04 TUOIT U3 JO OpBIq
613 3TYS SS85BOTDUT J0449T 6% PUS JUSWAOTDA9D JO 0.Ug8 01y ©3 SJ0J0J JO@mU Y ¢
*J998: £TUO 88U YOTY: ToJ3uc9 oyl JoJ gqdedud o*Q os pessnfpy pd
<
*UOATS OJ2 80Ua04aT

PUD £ONTUA TUNPTATOUT ©15 fIMTPOW GUITTUOLIWC Youe &OJ LTI Od9:1 £53uofTdne
T



a7
1l aco~ys. The encyme activity wog epparenily reduced vhion
the fern was sucgponded in 10 por cent sclline solution, This
was the mothod used by Voolley (1941) for extraetinzg thine
rinsse from {ish, Ustor has been uscd by a nwder of Jnopancse
vorliors for extractlon of the encyrie fronm both braclien fern
(Fulivora ond latsul, 1953; Fujfits, of nl,, 1957) cnd elan
viscera (Fujita ond othors, 1952 a)e Pujita, ct r1, (1955)
eztracted dried fern uilth water snd phosphate buller at pll
7.0s This oxtroct from S rize of fern vns roported to destroy
0.677 of thiamin vhen the sclutlon contained 177 of this
vitemin., If 1t 13 ssouned that this was the nasiimum ecctiviiy,
then the 10 nt, of driod ferm cxbroct would destrvoy L.3L77of
thinmin, “he prescont results show that 10 m3. freoezeedried
fern hormosenized vith toter {pil 6.6) destroyed 9007 of thice
nin end in the ¢nse of smple 63, the anount of thimmin
destroyed inerossed to 11257vith the additlon of IMCI to
inerense the pil of woter to 8.0, This observotion asrees
wv1th the roports of FPujita, ct ~l. (1955) end Kenten (1957Db)
thnt extrzction of breelren thinninacze 1s maxirmm et pd 7 to
8.

{enton {1957H) extracted niredricd ferns with chloroe
formeiicter ob pi 0,00 2{ter Incubotion with 2 e thiconin
for 1 hour, chbout 10307 thianin was innctivatod by 10 nc.
dried leaf, This is sirtlor to the results in Table L using
the some medlum.

Thoe use of othor bullers 1lilie TIPDPD, XT3, Trig ond

TRICIVE for honogenicing bracken fern rosulted in hisher
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waounts of thiardn destrceyed corpeorcd to the ¢ontrol

Lo

o
e

solution, Drrelion forn hormmrenized v ith TRISING inrcltie
vobed the mroctest mnount of thiondn, Unleortunntely, this
buffer bocanoe ecvallable only tovard tho end ol the stuly,
Por this re~son, ell of the rschys vere corrliod out with
thre fern honocenized in Tels plus eysicine,

Cysteine hos been reported to retivobe the encyumctle
receticon (Uang, eb 1., 1970, Pujita and otheors, 1972z),
“hon it wng cdded to the Tris dbuffer, 1% did inecresnso
tho enoymo activity by about 2 thlrd or nore, ilovovor,
the additicn of eyzstelne to the TIICZIND bulfer hnd no
effoct on the reculta,

To detormine vhebher Trils, Tris plus eystelne and
TLRICIVL bulffers Influcncod the extrcction of the enoyxe
or the rssey procedure, {roozeedriosd broclicn forn wes
horiomenizcd in vrtereotionias solubion et 1l £,0¢ The
brrelon honosennte and one el the threse buffors were adled
to the rosctlon nixture sl tho cso-y proceldure vng eoxrried
oute The reculis Indlested that the pddition of elthor Tris
plus eystzino or TAICITT buller Insrenscd the cacunt cf
thincin doctroyod ag corparcd to a solutlon withoul any of
the thrse menticned bulforz, Tris h-d no offcet on the
agsay proecodure, From thls choorvation, 1t orpears thei
TRIZITS mey flso be acting cg cn retivotor of the enzymntie
rerctlon in a manner cinllar to eystelne,

25 a chiock on the lincority of tho response producad

by orodod smounia ¢f br-ocken lerm, from 2 to 10 e of on
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niredrliod sarple homosenized in tho Tris plug ersicine
colution wore ircubsted wish 20007 thirnin, There wis o
lincer relatlon betrecn the amount of bracizen ferm in the
rasry tuboe nnd the thisrdn destroyed ang ghom In Picure 1,
This zorees with the observation of Tenten (1957h).

Soverzl roports hova indicated that thlominsse in
breelren ferm oxtract loses 1ts achivity slovly evon then
preparations of the enzyme ero stored ot low torperntureas,
Ceslock ond eowuoriors (1943) Tound thrt acucous extroeis
of frech fizh tiassuc lest up to 26 per cont of thelr thise
minasse cetivity In 1D doys at 520, The fish thimmincse ee
troeb proprred with 5 por cent potnssiunm chloride by
Cnneddnsor (1905) lost no enzyantie asetivity during L bours
of storczo ct 19 but alfter 2l hours at this terpersiure,

a lcoa in cetivity of sbout 10 por cent occurred, In this
study, exporimenta vore conducted to doterriine the strblllie
ty of thianinage in broclen fern homegenized in Tris buffer
plus cysteine, 7he results were presented in Iaterinls and
ligthods but it 13 well to point out that the homogenate

ues found to bo sizble under refrirsoration for 2 hours ot
592 +vhile frocsing ct «5%C for the some nurdoer of hours
rosulted in 2 10 per eent loca in activity. 71lthoush ro
corporicon could be nnde with braelzen forn homogonizoed
with other solutlions, the stobhllity of the brrclken horiow
gonnte prepared with Tris buflfer plus eysteine under rolfrife
eration for one doy ney hovo been due to the fect that the

lntter solution 13 a reduclins asent,
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Figure 1, Effect of varying bracken fern concentration on

amount of thiamin destroyed; 2000 ¥ vitamin Bj
in each tube,
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600 T I T T T LI
O 0.1 ml. fern homogenaﬁe equivalent
- to 1 mg. air-dried sample,
500 A 0,2 ml, fern homogenate equlvalent -
B to 2 mg, air-dried sample,
L]
© oo
&
£
P
2]
]
A
> 300
i
o
Ko
& 200
100
Y | 1 1 1 1 .
0 I 8 12 16 20 2

Time (hr,)

Figure 2, Effect of varying the time of incubation on the
amount of thiamin destroyed using two levels of
air-dried 3S bracken fern homogenate,



Ne ase~y in ono dore Tho a~rcenient securol for dnlle
eates pulbl thirouwa the proccdure furihor conllrned the
rolinsblllty of this teehmiague,

rfter the incubrtiosn period ilhwe enoymatlie ronction
vng s8opped with 22 per cont metrenhosvhnrlic rcld, “ils
w8 folloiod by the alditicn of 23 por cont =o
1de to thie 2ecld sslutlion end incubotion ot 379 for one
hour, The thicnin reacining in tho soluviion eltor the
orcymintie rocction vas corpleoted rmst be desireyed alnce
Fonton (19270) shoved thed thlcchrous (formcd froa thisin)
ebsorbs o eonzidorcblo onowst of encrsy b 386 muvhich is
tho wavelonzih for moxirnm cboorption of 2eancthyl prrie
ehronine (formed from IPY), The thismin rencining ia the
golution ean be dsostroyed by incubation vith eoncentreated
podiva hydronido. To chock on tho ceorpletcness of thiarmin
destruction end s8t-bility of IZT wnder these coniitions,
the Lolloiny proccdures vere earricd out:

(1) ruzdzupliente solutions elmilor to tho onos used
in tho ssaay vere propored wibh 29007 thismin in each tube
but no brncken forn, Tvo rill, of ench solutlicon vwere incue
batod ot 3790 fa» 1 houwr olter ~hich 1 ml, nctaephosplhicrie
ecid ves aldod, Yo 2 1. of e~ch sclution, 1 ml, of 2) per
cont sodiun hydroxdlde vns cddedese Tho latior solutiona vere
incubateld for poriods up to 2 hours, %t the end of the ine
cubatlon perlod, 0,5 rml, of alinlineo ferricyandde rvas cddsdy
the erxcess forricyanide vos destroyed by edding 1 ml.of 0,05

por ccat hydrozon peroxlde, The resultins solution wea
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Gilused w1th woter to 133 ¥dle Jhe [luorcreaice of the Gilutad
solublons vrg nengured at 306 mu la o Tumnor Dluoronicbon.

Tho roculbs (l2zble ©) chow thot vhen a renctlcn rdntwe
vigh thinrdn wng Ineubabed vith 20 ner cont endliy hydro:ide
at 3797, thlnnin destruecilon weg enupleoted withilin 20 rndnutos,

Micnin dostruction occeurred nt n nloer rate then tho ine

]

cvbrbion torperature vns gct ot 2770,

(2) Tho proceling experiment wvas repesbed c.cept thot
U2 ves usod nt tvo levels {2007 and LOO? per tube) in
ploce of thicmin end the incubation earried oui only =t
37°¢C,

Tho results preasented in Toble 6 show that HUPD wes
stoble to concentrated sodium hydroxide dwring verylng
poriods of incubation at 2793, Thus vith the assay prow
cedure uged In thils study, the IP? formed by the ensynntie
renction wog unaffectod by a girons base duwrling the one
hour incubation period to destroy the residusl thiomin,
This observation asrecs with thoe findings of Tonten (1957h).

t ecxmorison of the galvenomeler readinms ot zero
tinme for thiochrome (Trble 5) =nd 2enethylpyrichronine
(table 6) shows that 29007 thisnin had a grlvanometer
roading of 56 alter the ssszy procodure had been earried
throuth vhile 20237 157, +hich is ono tenth the thiamin
concentratlon, hod a readiny of 23, This indlcates thot ot
256 mu the flusreccence of 2encthylpyrichromine 1s choud
5 timos grestor than that shoim by thiochrome. Thig ro-ns

that chould any thianmin renaln sfter Ineubatlon with the



Tohloe &

Influence of Veoryins Tine ond Tormorsiur
of lodlun I‘*,rc.ro::iie Incubction on
Lestructlon ol Whiirumin

Ne~etion "inture e (hour)
L’ith 2\}007 'l'hif‘ﬁﬂn oj_ In"’l)ﬂﬁiﬁ}l C‘ﬂlvanomo{:or Randinc
Incubhated ets with 255 Naoi
0.5 57.5
oz Ce 5.0
27 7 1.0 2‘0
2e0 1.5
0 o 5640
2 1.0
03 . :
37 10 149
240 1.0
Table 6

Ztebllity of INetoropyrithianin to Concentrated
Sodiwm liydroxide Imrinz Incubation for
Varyling Lengtha of Tino

Mwme (hour) of

z}gg:tion Iizture Incubntion with Calvanometer leading
’ 205 Dacll ot 37°C
5.5 H
Ty * [ )
2007 117 1.0 27.5
2.0 275
0 p 5;.0
ety O. el
Lﬁoy 164— A. 1.0 Sli.s
2.0 5540
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concentratod sodiwn hydro:ile polubinon, it +111 hove only

a nino» ollces on thic overenll resulto,

r‘tn“\:”*&’w A Tavanternom ™M 3 na-xﬁ'mnnq
B AN ARSI R . v L o nt

Thero 1s 1ittle infermctlion cn the siebllily of thlie
riinnge In tho intoet lonf from the time it 43 collected to
the time It i3 anrlyzeds Toriing v1th ecarp thismineps, Jere
loc’z, et ~1, (1543) revorted thni preprrebion of cectone
po.der yilelded after guch trestitont 9J pox ecent ¢l the
orizinal setivisye. Jvans ond coevoriers (1970) shoed thet
the cntithiarin frctor o3 gtable in the intact leal nftor
drvirs ot room termersture, PSrom tholy rcporlt, it is noé
Imom to vhot emtont thiore wanz o chonge in actlivity fronm
tho time the plant veos horvested until the initiation of

chh troninent,

To provide Informntlon on tha precedins, fresh broclkien
fern o brovght to tho lnborstory vhere 1 batch of forn
ves rnelyred Lrmediotely while another babteh [ronm the same
gtoze of maturlly was subjectod to one of the procciures
lisztod in 2oble 74 Juch proccduros a8 alr dryinz, vecuun
oven Arylng or froezing (ot «597 feor 1 drys) roculted in
considersble destructlion of enryme asctivity. lvon freccoe
Crring produced s ruch loss of setivity os relriserntlon
for 2 hours, "he preparction of an acebtons pouder even
eftor purilying the acetono and using it in the chilled
sbtate 411 not obvinte the loss of about L/4 of the enzyme

cctivitye fctuilly, o greanter loss cccurred In the cectono
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porder pronpsred clien tha form veg broushit Into the 1:borine
tory in 4% ball of enrth (Tohle 0). “hon that vaa done, tho
acobono powdor proparel i:mndistely schored less thon 59 per
cont of the eetivity of the hotiogoencie prencred Irom tha
frochily euds froad (L0356 versua 83777 tid-nin Costroyed by
tha respoctive gomplss)e Slihoush freesing has lons beon
rocosticoed as a method used to retord cnoymie celivity, Josiym
(155.9) hrs rovici:cd sone ol the dolctoerious cifocts of low
terperature on vorsetrble tisocueas The data in the precsont
ctudy 1s accorpeonied by the deshirustion of cbout 1/l of the
activity »nresont in the fresh fern,

The recults in T:ble & shiow that tho best methd of
tronsporting braockoen form from its courece to the lohorie
tory 13 by renoving it in the ball ef e-rxth currounding
the stena enld roots s8inece n corsidersble rmount of cetivity
13 logt fronm the tine the fern is cut to tho time 1t l1s
enclyceds Meeping the forn rmolist afier cutitlnz does not
freilitoto retaining its cctlvity but once the lezl is dry,

the onzyma soorg to bo stablo,

intnihntion o7

a ¥ - e PR AN Spi

- .
b Xt » ’ 3
Iin Mrnenlran Tomn

In the sprin~, br-elkon form oxists In vorlous states
of davelopnicnt; some frond budas sro Just conming tlvowsh
tho surfece of the ground vhile other ferna Iin the ilirice
diste viecinlty rre ebout 15 inchea t-11, The individunl

verletlion 1n thimminesoe retivity A1d not eppear relatod



Tnble &

Innymie fetivity of Dreclien Jern fronds
+hien Sub jected to Various Hinds
of YUrectnent fLter Horvesting

Thianin (7)) Des;rcyod by 10 e,
Trontment serple (er elshy DHSiil

Staze 731 Stage 82

(1) Preclily eut and lels nb
roon terpercturo for

1 hiours 7230 T eho 67n3 o
(2) freshly cub, kopd nmeish

¢t room terpoerature for

1l hour, 6502 ¥ 803

(3) Prochly cut, ceeione

poucdor propayred

Lrmedlabely. 2173 ¥ 108 Loso X 749
(L) Pern ond siem removed

to lecboratory in boll

ol errih, 8077 X 638

1 ?3ve triprrtite forn blades vere uveed. Dreh blode o
Trond ecnsisted of threc parta; one paort from cccha of the
flve blados wes trectod rs deseribed cfter (1), crosher wes
treated ns deseribed after (2) znd the third cs deoseribed
afbor (3)e VLo vilued listod cwve o avoragos for tuo five
prris * the steondrrd deviation,

2 "sme np fostnote 1 ercept the procedurea nre doseribed
elfter (1), (3) ~nd (4.
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to the reizture Iin tho cround or {hwe derece of sunlishé
filtering throuwsh tho treo, Yo ottarwt was nndo to get
frond buds from tho sine rhizorio, ©his vould be difficult
since ferna nt the somo sinse of maturity were ususlly
soeperasted by 2 nwher of feet.

To ind cubt if there are vorictlions of thiosmincse
retivity iIn braclzon form collected on the camo day or on
differont doys, bracken buda (staze 1 of dovclo;)mczit) vors
eollected shout 2 veolzs eport ond clredrisd at room teinoce
rafure for 10 dayse Thae molsture content of cilr-drled
scxples wea foumd to be 2 per cent rore thon thoe oven

ried ferms, "s chom in Yeble 9, srrples A and B collected
on diffcrent doys, destroyed prretieally the smue cuount

of thimnine “hig vns net the ezgo for sumpls C vhich uns
cclloctod on the gamo d-y ra saumle B, HUovever, whon scvercl
forns vere ground tosethor pnd nnalyced, the thiaminnse
retivity ves alndlar to thrt of sixmles 2 end B,

Since the reaults prescnbted in Table 9 AIndiccied that
thore are Individucl variations in tho thisninnse cetivity
of braclken forn, t:o forms vers broucht to the laberazatory
in a b2ll of esrth end each portion ef the triprrtite blode,
stipe, stem ond roots wore anslyzods Thoe resulits presented
in Teble 10 show thot thore weore no varistion in cetivity
onwny the threo divigions of the fernm blade but cs indleanted

Table 9, thoro verse dilfercuces In zetivity cnony indie
vidurl ferno ¢lnssified under the seme strge of meturity.

!1lthoush forng 1 2ad 2 In Teble 10 h-d ehoul the suze freosh
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Vorlations of Thirndnnse fellvity of Iroclion Sula (Utoge 1
of ’wcvclovr:o::t) Twen C allcc ted en the Tane Loy or on
Dilloront Lryse Thiis J"erm Luists in e wder of
bovolopmcnt:l Sonses During the Dpring

crrmle Lwdor of Dric Mhicndn (7) Deatroyed by

R forns Tsed Colleeted 10 r3e Mz Iried Zoiple
A One G JebH7 509
U310 S—L.J-é 3 17:),3

U G W
-
5]
o
1028
]
E ‘)
Cs
o)
-3
A}

Coversl Ce2Nwh]) 1209

1Y frond buds vero ciredried, “srmles 2,3 ond C erve
niividunl {rond budseein e~ch crnno the eniire fror»d was
used, Jurmle D ropresented nbout 7 ¢f these frond bulds vhich
vore ground snd a porbion wrs nasayeds
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weisht, the sctivity of the blade of fern 1 was ebout twice
that of fern 2, The thiamin dostroying eetivity of the stipe
appears to be proportional to the retivity of 1ts blede, Thize
ninase activity of the stives of ferns 1 cnd 2 in relation

to their blndes nre §.5 end 2,2 per cent respoctively, The
gtem or rhizome inactivated 12,23 nz. vhile the roots dce
stroyed 0,28 m3, thiomin per 10 m3. somple on e dry welzht
beeis,

The recults in Tobles 9 and 10 indiesting thaet Ciffcre
ences in thianincse sctivity exist amonzy ferns elsssified
under the same staze of maturlty moy irply that elthor vore
iations ronlly exist or perhnpa the gross method of clossle
fyiny breclken feorn in different dovelopmentcl stases was
not adequnte to detoet nore detailed chansos that occur in
the plont as 4t matures vhich could be a better index for
¢classification,

It mppenred in Teble 10 that thore were differences in
thinminase sctlivity in the different poarts of the bracken
leafy, One fern frond was taken and seporoted Into differe
ent parts es indicated in Toble 1l. Thoe grester portlion
of the agetivity was found in tho blede, Since the stipe has
two gerarste colors, a green portion elose to thoe blade and
a d=rk brovn portion e¢lose to the stem, it was susnected
that this difforence mizht be duoe to a diffeorcence in thise
rinase content., Necults shov that the sctlvity for both

portions were the sama,
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Irhle 11

Piotribution of Thimdnase ‘etivity in Drrcken
Jern eb inme 3 of developrient

Thisnin (7) Cestreyed

Fort of Uresh Fforn by 10 mre Sarmlo
Frond "0
{tipe, groen portion elosa to the blede 169
Ltipe, dnrk brom poritlion closae to ths shen 172

It Is interestliny to notoe thot the nciively sroins
prrts of the fern, the stem and the frond bledes, were
obscrveld to poasess the hishest thlrordncse activity. This
is in norecoment with the obsorvotion of Zvans ond Lvans
(191:92) 4in thelr in vit»s end rnimel feodinz experinents,

Zhore are verry fer reports on the thinminase retivily
of broelzon forn et Cifforent stozes of maturisty. Snlth end
Terton (1944), Shearor (19,5) arnd Zv-ons and Zvens (191:9:)
found a deeroersing erude proicin and inerecsiny crudo Liber
vith soing of this plant, Vesir, eb ol, (1945) cnd Haag
end cthors {(1947) fed rris niredricd fern colloeted fron
dilforent lots end rt Eilferent shomes of moburitye 211
produvecd thimmia delicicney syrmtons bubt no quontitative
dots on thisninese retivily vere prescented,

Ytudlcs vere conducted by _vans cnd Jvens (194.9:)
using eclredricd braclon loecves harvested In July -hen the
plent was ot full grewvth rnd eblll grecn, oand those hore

vested in CTeicher vhen the pl-nbt g cormmlebtoly vitherod,



~

They shoed thet the forier brich of ferns deolroyed 99
por ecnb of the 1207 ¢hinndn £ll3cd to cn assry solullon
eont~inlyye 0.5 m, of fern, 7his babeh of forn clan provod
toxfe vhen 2ddcd to the ration of rats a2t e L9 per cont

level, ‘n the other hand, tho l-ticr babteh of forns ine

activertod only 5 per cont of o thil-nin oiled to the csony
golubtlon and vea not Loxle to rots, Uinller cbsorvation

rero 130 reds on horses (vans ond Svens, 190903 Lvons,
o5 ~1,, 1971), It wos postulated by those nuthore the
becelon fern 43 moro toxie ob corialn sbrses of frowth,
Cireo the procclding renoris inliccte the possihility
of a differcerce 1n concentration of the thi~min deslreoying
frector eg brockon ferm mnturesa, {ferns ol Gillceront stnzes
cf covelepnient rg deseribed in Toblo 1 1vere collectel end
anclyzed for thelr thl-ndn-roe cctivity, ‘hen the dry woisht
end th 28 retivily vero plottod on a grophh 23 showm
in "lcuro 2, tliore popoen»od to boe o roletlionasiiip boetrecn
tho toe "3 the doy welsht of the lenl Inereased, the znount
of thinsrdn dostroyed per lecf rlso incrensed. Thoe vzlues
plotitod in Fizure 3 nre ghom in Teble 12 in the 'prondiz,
A gonsiders-blo pnount of en-~yme sellvily vas lost hea
tho nrture fern dried wpe Pricl feorm fronds wore gathered
in lato Tovorder of 1907 in the grie aroa vhero the present
srrmles veroe colloeted, The blalde of the vithered form dow
etroyed 0,33 rys. thinmin vhile frochi forn bledo ot full nne
turity (stone ) innctivated 64,69 3. thizrdn, Joth veluos

ere opresased per 10 r3, sumle on o dry voishit basis,
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16 | ' ' ' ' ' ' ' '4 16,000
ot O Dry weight per leaf (gm.) 1 14,000
12 A Thiamin (mg.) destroyed 1 12,000

per leaf (dry weight basis) _

10,000

8,000

6,000

Iy, 000

Dry Weight Per Leaf (gm.)

2,000

‘Thiemin (mg.) Destroyed Per Leaf (Dry Wt, Basi

0 1 2 3 b 5 6 7 8
Stage of Development

Figure 3, Relationship of dry weight of bracken fern to
its thiamin destroying activity.
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Theo resulis ol tho present study cgho: theb thilaninecse
23 Towad in Draclion forn ot £l stoazos of develonnmont, ibts
cetivity incronces ag e doy veisht per lecf increncos,
“hiis onryris v cobserved to be wnatable g socn g b
broeizen lenl woa coprrobod fronm 18 sben ond its ccllivity
veg Tound o bo influenced by vorlous conditlons involveld

in thic roooy preocelura,
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rmerinmenta vore condicbod to ¢nhend gitvdics on tline
nincsa aebivity in broclon fom portlceulnrlr on tho methods
cf encyme entroction snd preservetion of enrymo activity In
the forn Lfrom the tine of collectlion to iritintion of nrie
lysise Morng wore nlgo horvested ond snelyced at dilferent

cevelopriental sb-oges o establich ~hebthor a change in sclle

vity cccurrod cg the plant natured., Ingyme cetivrity wos

-

senoured by the procednre of Zenten (19271),

iIn the presoree of orcess thl-min, thiocminacse retivity
wrg found to vory with the kind and pll ol itlie honosonizling
nodiae Corpleto enzyus entreebion wns nod achiovod, Conitrie
funed ertbroets possessed hish ascehivity bub scone roncined in
tho rociluc.

Thindn inqetlvation wzs found to be proporiionnl to
the cmount of brrelon homononcte useds This foet toscthor
vith the evidience thnt the selive frctor is thermiolrvile
support tho findings ef othier verliors that tho principle
oflfcoting thiamin leoss 18 rn ennymo,

ntymactle retivlity wos found to incresse ns tho dry
veisht ol the fresh leal inerenced, The reiiviiy voaried in
the diffcront parts of ths plant and amons ferns abt the

seme otonoe of moturity. 28 soon o3 ths le~ uns sepersted

L5
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Speeial Rengzents

le(ljwaninow2enethylepyrinidyleSemethyl)wpyridinium

bromide hydrobromide was prepared by ths method of

Kenten (1957b) from LeaminceSebromnomethylelemethyle

pyrimidine hydrobromide,

Thiamine ehloride hydrochloride 1

Buffers

(a) 0,2 11 Tris [(__hydroxymethyl) minomethanﬂ P 8,0,

(b) 0,05 M 10PS 2 (Morpholine sultone) pH 8.0,

(¢) 0,05 ¥ TRICINE 2 [Tris (hydroxymethyl) methyl
glycingl pd 8,0,

(@) 0405 ¥ HZPF3 2 (Hydroxyothylpiperizine propcne
sulfonie acid) pH 8,0,

(e) 0,05 M SHZP 2 (Suceinyl hydroxyethylpiperizine)
pi 8,0,

1 Purchased from General Biochemieals, Chasrin Falls,

Chio. Thils was equal to the U. S. P, Thiemine Hydrochloride
keference Ctandard,

2 Buffers furnished by Dr, Normen Good of the Department

of Boteny and Flant Petholory, ldchignn State University. 10FS

end TRICIHE nre availleble from Calbiochen,



hicsainace fsany

irolinin-ry experimeonts vero cornducted to determlne
tho omount of breclkon horosonntoe thot could be sdicd to
a2 lmom caount of thiamin ehlorlide hydrcelloride co thet
the rnote of encymatie renction would be Independent of
the pubsirate concentretion,

Dnely assay Involved the addition of 0.1 ml,e of fern
honeosonate (squivalent to 1 g, of dricd forn) to a rilve
ture contzininz 27007 thismin, 1 ml, of 0.1 I pyridino,

1 nml, of 0.2 Il phosphnte buffer (Jomori, 1955) at pil 7.5
and vater to a tobt:l wolune of 12 rl, ‘lie anssay colution
teg propared by toking e 2 nle sarple of the reretion
rixture and incubabing 4% for Y hour at 3790, ‘nzymo
cctivity wos stopped with 1 nle of 2] per econt rictte
phosphorie nelds The blank soluticn vas prennred by talkin
2 ml, of the ronscticn mixture end cddinz 1 1l, of tho nmetie
rhoophorie peid ot zoro time, Doth ceid nilxturos were
centrifu~ed end 2 nl, of the supecrnatant from ecch saplo
vas incubatsd for 1 hour st 23797 with X rl, of 29 per cent
sodiun hydroxide to dosiroy the resiiual thianin, Tho

045 mle of ferricyenide ronpgont l—l_-;. rile ol 1.0 potrsciun
ferrieyceride plus 6 1l, of 225 sollua hydroxllo| wea adlled

end aftor 15 minutes at room tormeraturs the excess



v
Torpicyonildeo vas renoved by tho sadition ol 0,207 Lrdicren
3 thorcush mlxdng, the {Jlowrescerce of ¢

poro:illce "Jlor

rixnburs vna nonsured,



Ctonlard Teboronyritidmnin

Using le{llestdincwlencthylenyrinidrlebenchylencridiniin
brorldo hdeobroanide vhich 1s comionly relforrod to oz heotoroe
rrrithimin, stondardg were treated in a cirndlor nerner as
the thimmdnnge ass»y erecpt braclen homozencste and thimin
vere omitiod from the rercbion mixture, T'o levelas of hetorow
prrithi-nin were uszd in ench detormiination, “he reading
from thoe t:70o levels of heteropyrithinsnin were ploticd on a
graphe Using this greph, thoe smount of heteropyrithicnin
formied from the thi-wminrse ssary using a Imom enount ol

braclien forn wag corputod according to dllutions made,
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