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NSunnary. 'I'lTe metalolismii of tryptophan by Taphrina deformnzn% has beell sttudie(d
to confirimi the reported ability of this organism ti prod(luce trpl)tanine. Stich amine
production was uot observed, (lespite tise of amille oxi(lase inhibitors at levels which
should have resulted in the acculmiulationl of tryptamvine in the mie(liuimii. It has been
ishown that the metabolites of tryptopbhln includ(e indolepvr-rnic aci(l, in(lolelactic acid,
tryptophol, and indoleacetic acid. and that the original report of trypltamiline production
muist be reevaltlated in light of the extraction l)rocedlures emiployed.

WNhile miuch in(lirect evidence, stiimimiiarize(I in the
reviews of Stowe (10) an(d Mahadevan (8), suggests
path-ays by- w-hich indoleacetic aci(l ( A. ) is tro-
dlice(d froml the suppl)ose(l l)recursor trvi)top)han, the
confirmiing biochemical evidence has been alilmost eni-
tirelvt lackinig. The absence of suclh evidence can be
attributed in part to the (hiffictilties enicouniitered in
obtaining enzyme p)reparations fromi p)lanlt tissues
which produce only smiiall quantities of indoles. As a
restilt, sonie wx-orkers haxe attenipted to (lescribe these
I)athways via studies of the mietabolism of trvl)to-
phan lih microorgailismis from xx hich actixc enzynie
lpreparationis miay' imiore easily 1)e p)rep)are(l, in the hope
that the (lata obtained wvill allow a iimore comlplete ill-
vestigation of the production of 1AA in tile tissuies of
higher planits.

Thie. positioni of tryptamine ('NJ 1., ) a.s a imietabolic
intermiiediate in the produiction of ITAA from trypto-
phan is a case in poinlt, for the evidence available is
entirely inidirect. nli the relports of Libbert (6. 7) of
the production. of trvptaniine froim trvptophan bv
higher plant tisstes, the possibility of bacterial coIn-
taminiiiation must be colsidcere(l real, as nio antibiotics
were included in the ilcibatioIn mediuimi, and aminle
pro(luctionl was nioted ouly after a 5-houir ilicuibation
in 1 experiment, and 0 hours in another.

Wrhile there are 2 recent reports (2. 11) of or-
ganisms which are capable of pro(dticinig trvptamiine
when grown on0 a broth conitaining tryptophan, that
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of Crady anid W"Tolf (2) (lealing with 2 different
species of fungi has served as a basis for this wolk.
The objective of this stuidy w-as to conifirimi the work
of these authors, and( to s-tudy the properties of the
elnizvne(s) responsible for the prodilction of trxptan-
inie fr-on11 triptophan in TaphirTa dlefoa1(1ias, the Ot'-
,ganism reslponsilIle for the (lile;ase called l)eacll le-f
cur1-l, an(l Dibotrvon muorbosu,mi.

Materials and Methods

F'reeze (Iried and freshl slants of Taphrilia dcfor
mialns (Berk.) Tul.. \.T.C.C. No. 11 124 NAere obtainie(d
on 3 sel)arate occasionis front the A\mierican Trpe Ctul-
tint e Collection.i Washini-ton. D. C. These cultures
were obtained by the AT.C.C. in 1952 fromii the Cen-
traal Bureatu voor Schimimelcnltures ill Baari, Nether-
lands, alid is the same strain as wxas tused 1w- Evelyn
Cradx- and 1F. T. Wolf.

The orlnlismll \xVas maintaie on potato-glucose
agatIclr slants cont(ain-ig 1.5 % Bacto)-A\gar, 2 % (w v/
glucosc, and an aqueotis extr-act of Elizabeti I'arls
Instant Mashed Potatoe.s;, available thirouigh the (lis-
tributor (S. Vogel atl(I Sons, East Hartford, Connect-
icuit). Twelve g of this (lehvd rated ptotato prep-
aration w-ere stispended in I liter of distilledlxater,
and the particles remtoved by filtrationi before addition
i)f the carbAh-vdrate. Potato-glticose broth wvas pre-
pare(d in ani iclenitical maniner with the onmissioni of the
agar. 'I'lie uise of miiedia prel)are(l fronii fresh potatoev
(lid ihot alter the patternl of trvptophan miietabolisml oh-
>erv-e(l. The newx miedium is easilv prepared and eli-
winates the tinmef re(Juiire(l in the peeling of fressh po-
tatto's. in -Tryptophan ( Nutritional Ikiochemicals
Cotporation ) vas iniclud(e(d in the 1 tui(d tesst media
in (.1 to 1.6 % levels (1.0-1.0 g per liter of finial
ile(lintit \\Where state(l the .aintile (xidlase ilihibitors
Catrott ( bet ahiaetihsol rllr\(le ) 'h arsili(l (I-
iprotiii/zid-2 -isol)r(j)\ lh\-(lrahzite ) and laPrltiate, ( 2-
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pihenIylcylopropylamine) were included in the medium
ill conicentrations of 10- 6 to 10-3 M.

Liquid mzedia vere inoculated by platinum loop
tranisfer of cells from agar slants. Growth took place
in the dark on a rotary shaker at 100 rpm and at 230.
Ctultures coontaininig 125 nl of miie(liutii wvere grownl in
500 nil Erlenmiiever flasks.

At intervals during the incubation period, colori-
metric tests were miiade on the culture filtrates using the
procedure of Gordon anid \Veber (3) and using 35 %
HC104 (v/v). Tro a 2 mil aliqtuot of the culture fil-
trate, 4 ml of the reagent were added, and, after
standing 25 minutes the resiltilig colors were read in
a Klett-Summiiiierson colorimeter using a green Corninig
glass filter. Uninloculated medium to which the re-

agenit was added served as the blank control for all
measurements. A miiodification of this reagent devel-
oped in the course of these studies and of more gein-

eral use in the qtuantitative determination of indoles
will be published elsewhere (in preparation).

Culture filtrates were extracted separately for
basic, neutral, and acidic indoles by partitioning
against reagent grade methylene chloride at pH 2.0
achieved through the addition of H3PO, and at pH
8.0 achieved throtugh the a(lditioni of a saturated
solutioni of KXC 03. The extracts were takenl to dry-
ness all(l the resi(lues dissolved in a miniimutm volunme
of absolute ethanol for thini layer chromatographic or

electrophoretic sel)aration.
Thin layer chroniiatography was carried out ac-

cording to the miiethods of Obreiter and Stowe (9)
usinlg 200 mmn X 200 mmilii glass plates coated wvith a

thini laver of silicic acid: carboxymethylcellulose
(28.5: 1.5. w/w). Solvents useful in resolving the
Taphrinia tryptophan metabolites were: A) 2-butan-
one: n-hexane (1: 1, v/v) ; B) 2-butanone: n-hexane
(48: 52, v/v) ; C) Petroleum ether: active or (d)
amvl alcohol (3 :2, v/v) saturated with 0.5 M

HCOOH; D) 1-butanol: chloroform (3: 2, v/v)
saturated wvith 0.5 M HCOOH; E) isopropanol: 28 %
NH40H: HOH (8: 1: 1, v/v); F) isoamyl alcohol
(saturated with 2 N NH40H) : 2-butanone (1: 1,
v/v) ; and G) 1-butanol: glacial acetic aicid: HOH
(4: 1: 5, v/v). The results obtained with nonacti-
vated plates and paper chromatograms run in the sol-
vents used by Crady anid WAolf (solvent F, anld 70 %
ethanol) were identical.

Paper electrophoresis was perforw'ed in a Dur-
rum-type electrophoresis apparatus (Spinco, Model-
R). Two chambers, each containinig 8 niarrow paper

strips (No. 4939-707 Paper Strips, Arthur H. Thomas
Company, Philadelphia, Pa.) could be run simultane-
ously. Strips were saturated with 0.05 Mi pH 5.8 po-

tassium phosphate buffer and runis lasted for 5.5 hours
at a constant voltage of 110 volts. In such a system.
authentic tryptamine travels a repeatable distance of
8.0 to 10.5 cm from the origin toward the cathode.

Indoles were detected bv use of the Ehrliclh's re-

agent, prepared bw tlle additioni of 2 % (w/v) p-di-
methylaminobenzaldehyde to a miiixture of absolute
ethanol and 10 N fICl (1: 1, v/v).

Results

A typical thili laver chromatographic separation
of the indoles which cani be extracted fronm Taphrinza
deformanlais mediumiii 3 days after inoculation- is shown
in figure 1.

The l)attern of fluorescenit s)ots seeln in the chro-

matogra)hy of samples of aged inidolepyruvic acid
aniid described by Kaper anid Veldstra (5) and W\Vinter
(12) can be seen wheni this comlpounid is chromato-
graphed in solvenits A, C, anid D, anld an idelntical pat-
tern is observed in the chromiiatographic behavior of
the acids extracted fromii Tapltrina miiediumii. Also, a

pink band miiigrating toward the anlode is found1
oni electrophoresis of both the fungal extract anid aged

indolepyruvic acid solutions.
While authentic IAA and indolelactic acid are dif-

ficult to separate in solvents C (R1.'s 0.60) antd F
(RF's = 0.75), they are readily separated in solvenit
D (IAA = RF 0.75, indolelactic acid = RF 0.52).
Use of solvent D (fig 1) shows that both of these
compoutnds are present in the acids extracted fron

FIG. 1. Thin layer chromatographic separation of the
tryptophan metabolites of Taphrina defornians. The sol-
vent was butan-1-ol: chloroform (3: 2 v/v) saturated
xvith 0.5 \r HCOOH, and the detection reagent was Ehr-
lich's. Column: 1) 20 ug of authentic tryptam.ine, 2) 20
,ug of authentic TAA, 3) 30 ,ug of an aged indolepyruvic
acid solution, 4) 20 ,ug of authentic indolelactic acid.
5) bases extracted from Taphrina mediumii 3 days after
inoculationi, 6) the extracte(d neutral substances froni the
same meiliumn, and 7) the acidic indoles from the same 3-
dayv-old nicdiuini.

3%Wodvn fEont
blue

royal lroya

gre

* * ~~**I:~~~~~~~~~~blueO

TAIN2IAA PyA OMI INA

235



2'LANT I'PIYSIOLOGY'

7Taphrina miiedlitumii. The iid(lole 3 carl)on alcohol trvp-
topihol has chlaracteristic R,,.'s in solvent.s A (R1, =

0.5). 18 (RF = 0.70). ai(l C ( R, - 0.46). A spot
showing identical RF v-alues in these 3 solvenits caln
readlily lhe showil to he lpresenlt in the nieuitrail indoles
extracted from Taplhria me(diumiii Thin layer chro-
nmatovrainis prepared fromii 3, 12. 24, 48 aind (6-hotur-
okl ctulttures show steadily increasillng quantitie, of tIles'
substances. IAA and(I indlolelactic acid being plresent
eveni in the first extract.

Under any growth cond(litionis or lenlgth of culture
it was im,.possible to ol)tain any basic Ehrlichllpositive
conmplounds by extractioni of Taphrina growth imie(liumii
at p11 8.0 witlh miiethvleine chloride whether TLC or

electrophoresis was utse(l. 'T'o insuire against the los-
sib)ilit\ that the aminiile \\wats being metabolized as rap-
idIy as it was formed, and lhenice niot accumitilating, iII
the growth me(liumi, imarsili(d (1 catron (4 ), and
parnate (13), which are known to result in 100 % in-
hibition of the oxidationi of monoamines it 10-, M to
10-5 \i, were included in the mnedia o\)eria conicentra-
tionl range of 10-6 .\M to 10-2 x\. \Vhere gro\th was
not totally inhibited (at 10- ar or lower) the inhibi-
tors coul(d nlot be shown to catuse the appearance of
anMy aicctumlated aminie on thini lay-er chromiatogranis
nior could the lpro(lluctioln of ill(loleacetic acid tilnlder
these conditions be shownl to lIe miiarke(lly inhibited.

Convllventional \\arbtir- resl)irollletr- inidicated ap-
proxinlately a 10% l)romotion of resl)irationi by tryp-
tophlanII added to \\ ashled whole cells of Taphrina.
RO valuies ol)taine(l fromll these experimnents do not
indicate decarboxvlaItion, bein- inI eVerV case less than
onie and(I consistelitly (lcreasilng with timie.

Discussion

Of the ability of Taphrina defornians to form in-
doleacetic acid wvhen culttured onl a comlplex medium
supplemented witlh tryptophain, there is little doubt.
In conitrast to the findinigs of Cradv and WVolf, in
which trvptaminie was the only reported initernmediate
betweein tryptophan and( IA.A this w-ork show s that
wlhile tryptamine is absent froml the growth miiedium
of this organism, indolelactic acid. indolepyrruvic acid.
all(l tryptophol are present. In view of the findinigs
of Cradv and WVolf that this organisiim is capable of
fornmiing IAA wAhen inctibated oni a broth conitaining
tryptaiimine and the failtire in this work to show ac-
cumultlatioin of the aminie when 7aphlrini(a is grown on
medium conitaining the amine oxidase inhibitors Mlar-
silid, Parniate. and Catron, it is suggested that produc-
tion of IAA by this organism proceeds through the
more commonllyovbserve(l intermiiediate indolepvrtivic
acid, and not through TNH-. This stuggestion is sup-
p)orted by the inability of this work to show inhibitioni
of IAA production in this organismii when levels of
amiine oxidase inhibitors are used which totally inhibit
such production if the sole pathway of colnversioll
were through the aminlie, as suggested by Crady and
Wolf.

The failture to findl tryptamine as a metabolic in-
termiiediate on the pathway- to IAA in Taphria(lde-
formians becomies clear if the original publication of
Crady and Wolf (2) is examined. The information
given the reader concerning the extraction procedture
uised is that "culture filtrates were acidified wvitlh
Il10, extracted twsice with ether in a separatory funi-
nel, and the ether extracts were theni evaporated al-
most to dryness. Strips of \Vhatmiani No. 1 filter
paper were spotted wvith the extract . No len-
tioIn is mnadle of fuirther solvenlt partitioning. and it
mllust be assumiied that nonie was p)erforne(l. 'Thle
conmpound extracted and chromatographically identi-
fied as tryptanmine by these auithors could only have
been ani acidic or ai neUtral ind(ole. 'I'he aminie. uniidei-
the extractioin conditions used, ould have been re-
taine(l in the aqueotus layer. Olne can fin(d a conl)O-
iieint of the acid and lnetutral extract which in somile
sol-ents chromiatographs similarly to authentic trvpt-
aminie. This compound is. howex ver. noniindolic, and
MI spTrayillng With Flhrlich's reagent (loes nlot chalnge
color, bit instead(ioll\- becomies a miiore intenise \ el-
lox--brownl i.not thle chlaracteristic purple to blle-
greell of indoles. Moreover, it does niot show thle
fluiorescenit lprolperties (of trlyltaminle and(l (loes 10ot
migrate on electrophoresis. jI'b'e techlli(lqles Ilsed( bv
tllese atthors in tlle -ttimd\- of the trypl)tol)llplha metal)
li.sm of 7'aplhio1(o \W ere also ulsed(] inI the stdl(l of thle
net abolisill of the samble amimo aci(l (If J)ibohi-trvoo 11101'-
bosuni a(n(l the samlie criticisms are relevant.

civeml tihe results presented. it is smlgg(st (e 11lat
the rel)Irt of trivptailline prod(luctionm by b)oth l'aph111i/n(1
dcformnians Iand I )iIbotrvoii mor(1 ibosimin lIe (lise ounttc(l.
'I'llis leaves omil the study of Weissbach et al. (11).
[h,eil rellort, a1s weWll as wvork to lIt'he tpublished( else-
where (ill preparationi) in(icates that trvptamilie for-
iltiolln v lbacteria is a reality.
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