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ISOLATION AND CHARACTERIZATION OF NAPHTHAQUINONE
PIGMENTS FROM TORULA HERBARUM (Pers.).
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Torula herbarum (Pers.) Link Ex. Fr. is a dermataceous fungus regularly
associated with dry leaves and twigs of Felia microphylla Liebm. In submerged
cultures the organism produces weakantimicrobial substances whengrownin
Czapek's or in a malt extract medium.The temperature range for the growth
of the organism was found to be 24~28°C and no growth occurred at 5° or

37°C. Nitrogen and carbon utilization studies indicated tyrosine and levulose
to be the best sources, followed by ammonium tartrate and glucose respectively.
Based on these studies a synthetic mediumwas developed for the optimum

production of pigments.

Fermentation

Fermentation was carried out in shake flasks (500 ml) and in 5-liter fermentors
(New Brunswick) through a seed inoculum at 24°G for 96~120 hours. The fermented
broths were extracted at unacidified pH (4.5~5.0) into ethyl acetate and the extracts

washed twice with water and concentrated under reduced pressure. Whenthe con-
centrate was kept overnight at -5°C, a crystalline material separated which varied in
color from batch to batch from light yellow to reddish yellow. Further concentration
of the mother liquor yielded additional crystalline material.

Fig. 1. Preparative thin-layer chro-
matogram of herbarin mixture.

Band 2 is herbarin.

Table 1. Activity of hebarins against bacteria

O r g a n ism G r a m
r e a c t io n

M . I . C .

^ g /m l

1 ) B a c illu s s u btilis + 2 0

2 ) B . m y c oid es + 3 0

3 ) S a r c in a  lu tea + 7 5

4 ) E sc h e r ic h ia c oli 1 0 0

5 )  S a l m o n e l l a  p a r a t y p h i 7 5

6 )  K l eb s i e l l a  p n e u mo n i a e

7 ) S h ig ella so n n ei 1 0 0

8 ) X a n th om o n a s a r g im o n e 7 5

9 ) X  c itr i 6 0

*å  Present address : Galesburg State Research Hospital, Thudichum Psychiatric Research Laboratory,
Galesburg, Illinois 61401, U.S.A.
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Antimicrobial Activity

The pigment mixture obtained from the
broth extract showed weak antibacterial and
antifungal activity (Tables 1 and 2). It also
showed antiamoebic activity against Entamoeba
histolytica at a concentration of 20 jug/ml when

tested by the method of Thirumalachar et al.1}.
Chromatography of the Pigments

Five distinct spots, three yellow and two red,
were seen on thin-layer chromatograms (silica
gel chromatogram 6061) with chloroform, and

chloroform and acetic acid (50 : 1) as developing

Table 2. Activity of hebarins
against fungi

O rg a n ism    M . I . C .̂g/m l

1 ) A lte r n a r ia so la n i      5 0

2 ) A sp e rg illu s n ig er       7 5

3 )  C e p h a l o s p o r i u m  p u r p u r a m   7 5

4 ) C u r v u la r ia  sp .        7 5

5 )  Fu s a r i u m  o xy s p o r u m   �"- f .  v a s i n fe c t u m

6 ) H elm in th o sp o r iu m  s p .    7 5

7 ") M u c o r s p . 7 5

P y t h i u m  d e b a r y a n u m     2 5

9 ) S y n c ep h a la s tr u m  s p .     7 5

1 0 ) T r ich o d e r m a  v ir id e     7 5

solvents. Preparative thin-layer chromatography (TLG) on silica gel thin-layer using
multiple elution technique and also column chromatography (silica gel) were used for

the separation of the pigments. A preparative chromatogram is shown in Fig. 1. The
pigments were also separated by gas-liquid chromatography (GLG) on the SE-30 column
(1 % or 3 %) either isothermally or with temperature programming (190°~195°/min.).
The fractions obtained by TLGor column chromatography were monitored by the
GLGtechnique. Sometypical GLGchromatograms are shown in Fig. 2. The major
pigments, one a bright yellow compound (herbarin), and the second, a red compound
(dehydroherbarin), were obtained in adequate quantities for characterization. The
physical and physio-chemical properties of herbarin and dehydroherbarin are given

in Table3.
Fig-. 2. Gas liquid chromatogram of herbarin mixture, and

of the thin-layer fractions 2, 3 and 5.
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Herbarin

After separation by column chromatography or by preparative thin-layer chromato-
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Table 3. Physico-chemical properties of herbarin and dehydroherbarin

H e rb a r in D eh y d ro h e r b a r in

M . P. (- C) 1 92 - 1 9 3 1 8 9 - 1 9 0

U V  (E tO H ) 4 1 5, 2 6 6 a n d  2 1 6 n m  (lo g E 4 85 ,  4 0 0 , 3 3 5 , 2 7 2 ,  2 5 0 ,  21 7 n m
3 . 48 ,  4 . 1 8 a nd  4. 8 3 ) ( l o g E  3 . 1 5 ,  3 . 1 5 ,  3 . 2 8,  3 . 8 5 ,  3 . 8 5

A i n f i  3 5 0 ,  2 8 5 ,  2 3 7 n m  ( l o g E  3 . 1 5 ,
a n d 4. 1 2 )

3 . 94  a nd  3 .9 1 )

I R  (K B r d is c ) 3 3 2 5  (O H ) , 1 6 7 8 , 1 6 5 0  (C = O ) , 1 6 0 7 ,

1 5 7 2, 15 6 7  c m " 1 (C = C )

1 6 7 5, 1 6 6 7  (C = 0 ) , 1 6 3 2 , 1 6 1 0 , 1 6 0 0 ,

1 5 6 5 c m " 1 (C = C )

N M R (p y r id in e  d 5) 2 .6 1 (1 H , d , J = 2 .5 ) , (C D C 13) 2 .7 5  ( 1H , d , J = 2 .5 ) , 3 .3 0
3 .1 8  (1 H , d , J = 2 .5 ) , 4 .9 ~ 5 .0 (2 H , (1 H , d , J = 2 .5 ) , 4 .1 8  (1 H , d , J = 1 .0
m ) , 5 .4 (1 H , b r o a d  s in g le t) , 6 .1 7 H z ) , 4 .8 8  (2 H , s) , 6 .0 5 (3 H , s ) , 6 .0 7
(3 H , s ) , 6 .2 1 (3 H , s ) , 6 .8 6 (1 H , m , (3 H , s ) , 8 .0 2 x (3 H , s )

J = 1 8 ) ,  7 . 3 3  (1 H ,m ,  J = 1 8  H z ) ,  8 . 2 6 r
(3 H , s )

M o l .  w t . 2 9 9  (o s m o m et r ic )

M + = 2 8 6 . 0 8 2 1M a s s sp e ct ru m
(h ig h  re s o lu t io n )

E le m en ta ry  a n a ly s is

M + = 3 0 4. 0 9 0 5

F o u n d  C  6 2 . 9 ,  H  5 . 1 5 C 6 7 . 3 0 ,  H 5 . 0
C a lc . C 16H 16O 6 : C  6 3 .15 , H  5 .2 6 C i f iH i A  :  C  6 7 . 5 1 ,  H  4 . 9

M + = 3 0 4 .0 9 4 7 M + = 2 8 6 . 0 8 4 1

graphy, herbarin crystallized from

methanol as long, bright yellow

needles, m.p. 192-193°C. It was

insoluble in aqueous sodium hydro-
xide and gave no color with ethano-
lic ferric chloride. In concentrated
sulfuric acid a blood red color was
developed which on standing turned
brown. Molecular weight determi-
nation by osmometric method gave
299.

Analysis : Calculated for
C16H16O6, C 63.15, H 5.26.

Found, C 62.9, H 5.15.

High resolution mass spectra :
M--304.0905 (C16H16O6 = 304.0947),

M+-H2O=286.0846 (G16HUO5 =

286.0841), M+-GO=276.1028 (C15H16-
O5 = 276.0998), (M+-H2O)-GH3 =

271.0643 (C15HnO6= 271.0607).

Fig. 3. UV spectra of herbarin and dehydroherbarin
in EtOH.
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Optical activity : In ethanolic solution herbarin showed negligible rotation at D line,
but ORDshowed a negative cotton effect at 345nm. Based on the UV, IR, NMRand
mass spectral data and biogenetic considerations herbarin is assigned structure I or II.

Dehydroherbarin

Separated by silica gel column chromatography, dehydroherbarin crystallized from
methanol as bright red glistening needles, m.p. 186~188°C. It was soluble in ethyl

acetate, chloroform, diethyl ether and insoluble in water. It was insoluble in aqueous
sodium hydroxide, and did not give color with ethanolic ferric chloride.

Analysis: Calculated for C16HUO5 ; C 67.51, H 4.90.
Found; C 67.30, H 5.0.

High resolution mass spectra M+=286.0821, (C16H14O5=286.0841), M+-CH3=271.0561
(G15HnO5=271.0607), M+-CO=258.0888 (C15H14O4=258.0892). Based on its spectral cha-

racteristics and its relationship to herbarin, dehydroherbarin is represented by struc-

tures III or IV.
CH30 0 9

0 CH3O 0

III IV
When herbarin was heated in acetic anhydride solution at 100°C for 8 hours, de-

hydroherbarin was obtained. This sample was identical in all respects to the naturally
occurring metabolite. Since the process employed in the extraction and purification of
the fermentation broth is mild and since herbarin is stable under these conditions, dehy-
droherbarin isolated from the fermentation is a true metabolite and not an artifact.

The structures of herbarin and dehydroherbarin proposed here were derived
from spectral data and biogenetic considerations are fully discussed elsewhere in this

journal2). Several naphthaquinones have been reported as microbial metabolites3>4>5>6);
however, this is the first report of their isolation from the genus Torula and from

the family Dermatiaceae of the imperfect fungi.
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