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Phe formenter was provided with a top-driven stirrer rotating at
and fitted with an eight-biaded turbine propeller (ratio diameter of
dinmeter of propeller 3.5: 1), The 80 1. fermenters were inoculated w ;
myeelial suspension grown in another 80 1. fermenter for 4 days, which in turn
weus inoenlated with 11, of vegetative mycelinm grown in o 1. shake flask for 4
daye: The @ 1. shake flasks were imoculated with 100 ml. of mycelinl susponsion
obfained in the produetion shake flasks a8 described i tie preceding paragraph.

B0 Porvoccriv: V. Aualytical methods

A rontine assay for forroverdin eontained in the myeslinm was carried out
as follows, A duplicate sample of 100 ml. of culture was filiered, the myeclium
thoroughly washed with distilled water, dried by suction as much as possible and
stirred into 10 ml. hot methanol. The methanolic suspension was filtered and. the
extriction with methanol repeated uniil the extract wis colourless. The metha-
uolie, filizates were pooled, the volume determined and 4 sample used for colori-
metric measurements ( olorimeter, orange filter no. 607), A ealibration curve
was propared with a erystu pl v standand 5 the enrve was
linear 1y to 70 g /ml. Results were reported in mg ferroverdin per 100 ml. eulture.

{2) Gheease.

Glucoso was estimaded in the culture filtrates by the method of SoMoayL (I
(3) Nitroger.

The total nitrogen was determined by a modified Kjeldabl method.
1) Doy weight.

100 ml. of the mycelial suspension was filtered through paper on a Biiehner
funnel, washed thovoughly with three volumes of witter, sud dried st 83°C for 24 hr.
(a) dron.

Total iron in the culture filtrates was estimated by 2 col trie method with
wephennnthroline (Sxeun & Sxpu. 1010), after digestion with perobloric and sul-
Phuirie aeid, followed by dithionite treatment to destroy exeess perehloric acid.

() Spretrouretry.

“The t,v, and visible spectra wers recorded on a Cary spectraphotometer Model
1, the Lr. spectra on o Perkin-Elmer 21 spectrophotometer, the man.r. spectra
on o Varian Model 00 B high rosolution spectrometer oporated at 60 Me/s
(resoniance line positions reported in T-values, relative to tetramethyl silane os
internal standard). A Rudolph Model 2005 spectropolarimeter was used for
optical rotation measurements at 537 nm of ethanolic sol i
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A8 can be seen from Table 2, there s s optioium co

the production of ferroverdin, The amount of iron (0.75 wg/ml.) contained in the
standard nutricnt medinm was below the optimum which was reached at about
| to 5 pg/mil. of added Fe. At higher iton concentr diarp drop
i both growth and ferroverdin production, nced when
fron was added in form of the ferre and ferric less than
ite presence of ferric ebloride (Table

{2} Effect of ferroverdin production and grawth of different carbon sources.

Table 4 shows ghucose could be substituted by other earbon sources with-
it impairment of the ferroverdin yieds.  Among the products tested, frictos
and xylose gave poor ferroverdin produetion at both fron levels used, whereas -
uroxe i @ poor carbon sonree only al lower iron concentration.

(8) Bffeet of subsiituting yoast cxtrnct by other organie nitragen sourees,

Yeart extr aldd be substituted by pepton, aeid hydrolyzed and enzymicall,
Iydrolyzed ca hie laiter giving somewhat higher yields of ferroverdin.
and pea-ont meals, while giving good growth when supplemented with sodium
sulpliate, failed to give rise to ferroverdin production ; corn-steep liquor gave only
low yields of ferroverdin (1 i o first thonght that the low production
of forroverdin in the pres i 1o the high fron eontent
of the latier. This, howoever, ¢ anation becauso the iron eontent
of enzymically hydrolyzed eas lds, is
alinpst a8 high a8 that of corn-stecp liquor.

(1) Cowrse of jermentation.

Thie course of o typieal fertoverdin fermentation in ghake flasks in the standard
sieditin i shown in Figure 1, and in u stirred fermenter of 90 1. capacity in Figure
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D). CHEMIAL STUDIES

R.S.. Axp V. D1 Virftorio

. B. CHAIN,

By A, Batuo, H. Brrraoror,

(1) Isotation of ferroverdin.
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i geid.  Whereas the first coineided in all its pro-

3-acctylamino-A-hydroxy
periies with an suthentic
) higher than that of & se

nple of p-othylphenal, the second showed  melting
i

¢ reerystallized synthetic comy

(needles 270-271 00, yrisms 200-26190, respoetively). However, their uyv. and
spe I and after hydrolysis with hydrochloric acid both compounds
yielded . Furthermore the mel s, mixed

i

xeept that
wined.  On hydrolysis with strong
S-amine-1-hydroxybenzoic acid

the previonsly diseussed spetral prope
pounds 11 and ITI, reasonable structures conld b 10 these reduction’ de
vatives of forroverdin, namely those of the p-ethylphenylester and p-vinylphenyl-

5 of com-

From these results




ester i of 3-diacety

compound 1 must be the pothylphenylester of S-amino-l-hydroxybenzale scid,
componnd IV and compound V the N vl derivative and N, O-diacetyl derivi-
tive respectively of the corresponding p-vinylphenylester, Theso structures were
confirmed by unambignoug synthesis of 1.

He -cn
ooy, Hadtl
COCH;

Veoci, lw-
\I[-(V)ul.

o mcu, Baol

With the identification of the above-mentioned compounds all the carbon
anil nitrogen atoms of ferroverdin are neconnted for. Ax the elementary compo
tions of ferroverdi
hydrogen content, it is clear that the essential st

yresent in ferroverdin, The lattor must conta instend of the ¢
(e clearly shown by tho strueture of compound [11) and u nitrogen fanetion in
4 higher state of oxidation which, in conjunetion with the hydroxy group

tlon to the nitrogen funetion, must also be responsible for the chelation of the iron
atom.

(8) Hydrolysis of ferroverdin.

Further evidence for the correctness of this assumption was obtained by mild
alkaline |. lmm.n of ferraverdin which Ted to the formation of p-vinylphenol and
a green fron-containing acid. The latter was shown to be identical with the iron
camplu u( ﬁ\'mlwl'c F-nitroso-d-hydroxybenzoie acid by visible and i
spoctra (Figure 9), paper and paper i
the methyl ester of the green degradation produet of mild
ferroverdin was shown to be identical, by the same criteria, with the iron complex
of the methyl ester of synthetic 3-nitroso-4-hydroxybenzoic acid. The possibility
tht the oxidation state of the nitrogenons funetion eorresponded to that of a
liydroxyl amino group, suggested by the clementary formula of ferroverdin re-
ported in previous communication (CHAIX ¢ al 1955), was excluded by demon-
strating that no trivalent iron was formed during the formation of fhe green o
plex fram a model nitrosophenol (x-nitroso-g-naphthol) and ferrous fons.  With




forrie ions no solvent, extractable, green complex was forme
iron was reeovered qu the s phase,
s o0 | mw  wm o wo a0 )

-0t

N

o]

PO

encen pon

(7) Strueture of Jerraverdin.
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