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ABSTRACT 

Moulds belongine to the Fusarium genus were isolat.ed that are able 

to utilize coumarin as the sole carbon source in a medium containing 

inorganic nitrogen a:r..d vsrious salts. Factors affecting the ~rm·rth of 

the cultures and the rate of coumarin degradation i>Ter~" studied. The 

i:r..tE!rrnPdlate pronucts N'ere :tdentj fied hy :raper chromatogra:rhy by 

isolation and purification usL~g both cell suspensions and cell free 

extracts. The major route- for decomposition 0f co"J!!larin we.s through 

dihydrocoUl'rla.:r-in to melilotic acid. The di)';_ydrocoumarin hydrolase ~vas 

isoh.ted and partially purified '.dth very high enzyMatic ::!.ctivity but the 

dehydrogenase preparat.ions bad loN enzyœ.tic a('t ~~ri ty. 

These Fusarium sp. can utili.ze also o-co1..Ullf!ric acid as the sole 

carb0n source. Thl=l only product isoJated from the metabolism of o-cou.'!laric 

e.cid 't-':=t.S 4-hydroxycoumarin. This latter compound accur!l.Ulated and ~"-Téls not 

fu.rthE>r metehoJ.iz:ed under the tl'!st cond1.tions although vrith added formaldehyde 

non-enz;"!:1~tic conversion to dicUJ'P..arol un.s fm.md. 

The se fu.'1gi mf'ltaboli ze coumarin and o-coUill8ric acid differe!lt1y 

tha..'l re?orted for bacteria and animal8 but de.c:rade courne.:rin by the same 

route as reported for ;'llints. 
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INTRODUCTION 

Co'l.ll!l.arin is a naturally occuring cons ti tuent of S"'reet elever 

(Melilotus alba) but is found also in a large variety of other ~lants. 

Derivatives of cowna.rin are used wictely as a flavor j_ngredient in foods, 

drugs, rodenticides and insecticjdes. Dicumarol is formed in improperly 

cured 'f1ay and causes a hemorrhar;ic condition in cattle. Dicumarol (trade 

name: menadione) is used mec1ically as an anticoaeulant. Link et al (163) 

believed that dicUJ!l.arol 'ft.TaS fonned from courr.arin bec:mse of tts corrunon 

structural relationship. 

The metabolism of couTilarin and rAlatPd compounds in hir;her plants 

has been exte:!'lsively studied by Kosuge and Conn (101, 102), and iri .he 

animal body by many authors. Fo,<Jever, only a few reports on nrl.crob:l.al 

activity on coumarin and related compo'..l!lds are published. Following 

studies initiated previous]~ in this laboratory on the degradation of 

cownarin by bacteria, an attempt j_s made in this j_nvestie;ation to 

isolate other microorga:!'lisms t.he.t utilize coumarin and closely related 

compounds. A particular interest i·.ras the investigation of the hiolor;ical 

routes by which cownarin may be transformed into dicul!'.arol. 



The degradation of aromatic compounds by li,~ng cells has 

received increasing interest in recent years. These compounds :i.nclude 

natural products, industrial wastes, and synthe·tic comrounds. :·iith 

mod~:>rn tech.11iques, the studiefl, consisting I"1ainly in isoh.tion of 

intermed.iates and invest.igation of induced enzyme patterns, have ~rielded 

sorne fairly definH.e knoHledge about the i-ro.y in 1·rhich ring co:mrou.YJ.ds 

are metaboLized. 

liTITABOLISrt. OF POLYNUCLEAR AROl'ATI8 COT::POUNDS 

Ketabolism of polynuclear e.romatic coMpou.11ds by bacteria: Fernle~r 

and Evans (57) studied the degradation of naphthe.lene by a soil pseudomonad. 

They isolated cotLm.arin, and detectable amou.nts of o-h.ydrox:r-trans-cinnalY'ic 

acid (o-coumaric acid), o-hydroxyrhenylrropionic add (mel.ilot:ic acid), 

<md salicylic e.cid. The naphthalene-grown cells vrere sequentially :i.nctuced 

to o:x:jd:tze trans-1,2-d.ih~rd,..o-1,2-dih~rdroxynaphtheJ.ene, 1,?.-dihydroxy­

naphthalene, ~tnd salicylic acid; oxygen uptake Nas observed on coumarin, 

o-coumaric aci(l_, and mel:Dotic acid, but the rates Here not sufficiently 

high to 'Warrant assu.mption of their roles as intermediates. F..xperiments 

with a crude cell free extract of naphthalene-grmm. cells deT'lonst.rated 

that dur:i..ng the o::d.dation of 1,2-dihydroxynaphthalene aprroxirne.teJ.y 3 

moles of OX'Jeen were constuned and 1 mole of C.?.rbon dio:tide was liberated; 



coumarin y,ras t.he major product isolated.The gas exchange data are 

in a~eement with the view that o-hydroxy-cis-ciP~amic acid (isolated 

as coumarin)is produced by oxidative decarboxylation of the postulat.ed 

precursor o-carboxy-cis-cinnamic acid. Negative results were obtained 

by resting cella tested on the two o-carboxycinnamic acids which had 

the trans-configuration. The cells were also inactive on o-carboxyphenyl-

propionic acid, phthalide, acetic acid, o-carboxybenzolacetic acid, 

and phthalic acid• 'l'he scheme for degradation of naphthalene by soil 

bacteria proposed by Fernley and Evans is shown in Fig. 1. 

Naphthalene ---- 1,2-Dihydro-1,2-dihydroxyna.phtha.lene 

~ 
1,2-Dihydroxyna.phthalene 

1,2-Naphthoquinone -==---------- ~ 
o-Hydroxy-cis-cinnamic acid 

Comnarin .« ~ ~----
o-Hydroxy-trans- Melilotic ~cylic 
cinnamic acid a cid a cid 

Fig. 1. Degradation of naphtha.lene by soil bacteria. 

Murphy and Stone (115) studied the bacterial dissimilation of 

naphthalene also. The major pa.thway found for the oxidation of naphthalene 

by a Pseudomonas sp. was via salicyclic acid, which is further oxidized 

through catechol to{'-ketoadipic acid. Evidence was round that a second 



pathway of naphthalene oxidation produces 11 2-naphthoqu:inone. The 

1,2-naphthoquinone was not further metabolized and was found to be 

responsib1e for the characteristic brown to reddish-orange co1our 

of the culture mediu:m.. 

4 

Rogoff and Wender (131), with a pseudomonad isolated from soil, 

identified methylsalicylic acids produced from the oxidation of methy1-

naphtha1enes. Sequentia1 induction experimenta demonstrated that the 

methylsalicylic acids and their respective methylcatecho1s were 

intermediates in the methylnaphthalene oxidations. A point of interest 

in these studies is that cells grown on naphthalene, or on either of 

the methylnaphtha1enes1 were induced to oxidize salicylic acid, catechol1 

and their methyl derivatives and suggests that the same enzymes e1aborated 

for oxidation of the parent compounds (salicylic acid, catecho1) are 

involved in the oxidation of the methyl derivatives; the presence of 

the methyl group on the benzene nucleus apparently does not confer a 

specificity requirement for the enzymes invo1ved. When the naphthalene 

nucleus bears a chlorine substituent in place of a methyl group the 

characteristics of the oxidative pathway are not altered. Walker and 

Wiltshire (174) studied the degradation of 1-ch1oronaphthalene by a 

soil organism and identified 8-chloro-1,2-dihydro-11 2-dihydroxynaphthalene 

and 3-chlorosalicylic acid as intermediates in the oxidation. 



Rogoff and Wender (134) found that a pseudomonad from soil 

could attack the end ring of phenanthrene. 1-Hydroxy-2-naphthoic acid 

was isolated from phenanthrene-oxidizing cultures and sequential 

induction experimenta demonstrated that salicylic acid and cateehol 

were also intermediates in this oxidative pathway. Similar experimenta 

with an anthracene-oxidizing strain demonstrated end-ring attaek on 

this compound with the formation of 3-hydro:xy-2-naphthoic acid, and 

sequential induction of anthracene-grown cells to salicylic acid and 

catechol as shown a1so by Rogoff and Wender ( 133 ). The proposed 

scheme is shown in Fig. 2. 

Phenanthrene 
1 

~ 
314-Dihydro-3 14-dihydroxy­
phenanthrene 

1 
1 

1-H~oxy-2-naphthoie aeid 
1 

1 v -Salicylic acid /- - -
1 

Anthr?cene 
1 

v 
1,2-Dihydro-1,2-dihydroxy-
anthracene 

1 
1 

~ 
3-Hydroxy-2-naphthoic acid 

~ 
Catechol 

Fig. 2. Dissimilation of phenanthrene and anthracene 
by soil bacteria. 
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Metabolism of polynuclear aromatie compounds by :tungi: Byrde., 

Downing and Woodeock (31) studied the metaboliSlJI of 2-methoxynaphtha1ene 

by Aspergillus niger. 4-Metho:.q-salicylic a cid was isolated as a metabolic 

product from 2-methoxynaphthalene, and 4-ethoxysalicylic acid was isolated 
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similarly' from 2-etho:x:;ynaphtha.lene. Although the tu.ngistatic activity 

of 4-metho:x;ysalicylic acid wa.s less than tha.t ot 2-methoJcyna.phtha.1ene, 

4-etho:x;ysalicylic acid was more active than the corresponding 2-ethoxy­

naphtha.lene. 

Metabolism of polynuclear a.romatic compounds by a.nima.ls : Booth 

et al (19., 2o) round tha.t ra.bbits convert na.phthalene into 1-hydro::x;r-

2-naphthyl sulpha.te, which is also formed when rabbits, rats and guinea 

pigs are treated with trans;;..l,2-dihydro-1,2-dihydro:x:,ynaphtha.lene. Slices 

of li vers of male rats convert n.a.phtha.lene into a compound which is 

almost certainly' S-(1,2-dihydro-2-hydroxy-1-naphthy1) glutathione and 

which yie1ds S-(1-na.phthyl) glutathione when trea.ted with a.cid at room 

temperature. Rat-kidney homogenates convert s-(1,2-dihydro-2-hYdroxy-1-

naphthy1) g1utathione into a compound believed to be S-(1,2-dihydro-2-

hydroxy-1-naphthy1)-L-cysteine and which forma s-(1-naphthy1)-L-cysteine 

on trea.tment with acid at room temperature. 

METABOLISM OF BENZENOID COMPOUNDS 

Metabolism of benzenoid compounds by bacteria: S1eeper and 

Stanier (1.49) found tha.t ce11s of Pseudomonas f1uorescens grown on 

mandelate, or benzoate show complete adaptation to catecho1, but not 



to protocatechuic acid1 whereas cella of f• fluorescens grown aa 

p-hydroxybenzoate show complete adaptation to protocatechuic acid, 

but not to catechol. 
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The metabolism of benzoic acid was investigated by Gale (60, 61) 

in three nonpathogenic species of Mycobacteria. Two of the cultures 

oxidized benzoate through catechol but later steps were not the same 

as reported for certain pseudomonads (149). One culture did not oxidize 

benzoate but did attack catechol. 

In studying the enzymatic conversion of mandelic acid to 

benzoic acid, Gunsalus et al (721 73) reported that four soluble enzymes 

were found in cell free extracts prepared from mandelate-grown cells 

of Pseudomonas fluorescens. These are: mandelic acid racemase, which 

converts either isomer to a racemic mixture; benzoylformic carboxylase, 

which catalyzes a decarboxylation of benzoylformic acid to benzaldehyde 

and requires cocarboxylase for its activity; and two benzaldehyde 

deh..ydrogenases, which react r€1spectively with diphosphop~rridine nucleotide 

(DPN) or triphosphopyridine nucleotide(TPN). 

Bacterial oxidation of p-aminobenzoic ~cid by Pseudoronnas 

fluorescens was studied by Durham (48). Cells of Pseudomonas fluorescens 

grown on p-aminobenzoic acid shm..,ed complete simultaneous adaptation 

to p-hydroxybenzoic acid and protocatechuic acid and in addition 



protocatechuic acid was oxidized further to ,.t-ketoadipic acid. Cella 

grown on p-hydroxybenzoic acid are adapted to protocatechuic acid 

but not to p-arninobenzoic acid, while protocatechuic acid grown cells 

are not adapted to either p-aminobenzoic acid or p-hydroxybenzoic acid. 

There.fore p-hydroxybenzoic, protoc:~techuic acid and ,1-ketoadipic acid 

are intermediates in the oxidation of p-aminobenzoic acid and the 

degradation sequence is in this order. 

In studying the metabolism o.f p-nitrobenzoic acid, Durham (49) 

reported that a strain of Pseudomonas .fluorescens is capable o.f using 

this compound as a sole source of organic carbon and nitrogen .for aerobic 

growth. Experimental resulta with living, irradiated and dried cell 

preparations indicated that p-arninobenzoic acid, p-hydroxybenzoic acid 

and protocatechuic acid were intermediats in the oxidative scheme and 

the sequence of appearance \<ras in this order. 

Studies involving the metabolism o.f nitro-phenylcarboxylic 

acids by microorganisme were investigated by Yang et al (188). Cella 

grown on o-nitrobenzoic acid sho1-red immediate OX'IJgen uptake on 

o-nitrobenzoic acid and o-hydroxylamine benzoic acid, indicating that 

these compounds appear to be intermediates in the metabolism o.f 

o-nitrobenzoic acid. Cells previouslY adapted to o-nitrosobenzoic acid 

showed siinUltaneous adaptation to o-hydroxyla.m:tne benzoic acid but not 
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to o-nitrobenzoic acid or anthranilic acid, whereas ceD_s exposed to 

o-hydroxylamine benzoic acid were not adapted to o-nitrobenzoic acid~ 

o-nitrosobenzoic acid, or anthranilic acid. The conclusion is therefore 

that o-nitrosobenzoic acid and o-hydroxyamine benzoic acid are intermediates 

in the metabolism of o-nitrobenzoic acid and the sequence in this order. 

Oxidative metabolism of phthalic acid by pseudomonads isolated 

from soil was studied by Ribbons and Evans (129). Protocatechuic acid 

was detected and identified in the logaritn~c phase of growth in 

phthalate grown cultures of Pseudomonas sp. The oxidation of protocatechuate 

by cell free extracts proceeded through cis-cis~carboxymuconate and 

3-oxoadipate, which were isolated and identified. 

Metabolism of benzenoid compounds by f'ungi: The metabolism 

of methoxylated aromatic compounds by soil f'ungi was investigated by 

Henderson (Sl). The rates of decomposition of mono-methoxybenzoic acids 

by Ho~modendrum sp. was most rapid in the order para (p), meta (m) and 

ortho(o). In the initial stage of attack the methoxyl group is replaced 

by a hydroxyl group. Penicillium sp. also formed p-methoxyphenol from 

p-methoxybenzoic acid. p-Hydroxybenzoic acid ~ormed from p-methoxybenzoic 

acid is further metabolized to protocatechuic acid by Hormodendrum sp. 

and Penicillium sp. When veratric acid (3,4-dimethoxybenzoic acid) is 

incubated with Hormodendrum sp. and Penicillium sp., the methoxy-1 group 

in the p-position is replaced by a hydroxyl group to give vanillic acid. 
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Metabolism of benzenoid compounds by animals: Methylation of 

the 3-hydroJr:;,Y position of benzoid compounds by rat liver and kidney 

preparations was demonstrated by Pellerin and D1Iorio (121). 3 1 4-

Dihydroxybenzoic acid 1 31 4-dihydroxyphenylacetic acid1 3~4-dihydroxy­

ma.ndelic acid1 and 3 14-dihydroxycinnamic acid were separately incubated 

with L-methionine-methyl-c14 in the presence of rat liver or kidney 

homogenate. In each case, the radioactive metabolite separated by paper 

chromatography was found to have migrating properties similar to those of 

the 3-methoxy-4.-hyd!'oxyaromatic a.c:i.d, This reaétion was enchanced by· the 

addition of ATP1 Vtg1 and reduced glutathione. When 3-hydroxybenzoic acid 

was incubated in this medium no methylated derivative was obtained. 

Preliminary experimenta indicated that the enzymatic activity was contained 

mostly in the supernatant fraction and that liver homogenate was mueh 

more active than kidney homogenate in methylating benzenoid compounds. 

METABOLISM OF MISCELLANEOUS ARO~~TIC CO~œOUNDS 

J.ietabolism of miscellaneous aromatic compounds by bacteria: The 

pathway for the oxidation of nicotinic acid by a strain of Pseudo~onas 

fluorescens was investigated by Behrrr~n and Stanier (6). The first step, 

catalyzed by a cytochrome-linked pa.rticulate enzyme system1 is hydroxylation 

in the 6-position and is followed by an oxidative decarboxylation to 

yield 21 5-dihydroxypyridine, which in turn is cleaved oxidatively to 

yield maleamic and formic acids. l>fa.leamic acid undergoes a hydrolytic 
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deamination to maleic acid, which is isomerized to fumaric acid. Subsequently 

Behrman and St~~er (7) found that 5-fluoro- and 5-chloro-nicotinic acids 

were oxidized by Pseudomonas fluorescens after induction in cells grown 

on nicotinic acid of the enzyme system w·hich oxidize these substituted 

nicotinic acids. The particulate fraction from induced cells can convert 

5-fluoro-nicotinic acid in good yield to 5-fluoro-6-hydroxy-nicotinic 

acid. The oxidation of 5-fluoro-nicotinic acid by cells results in the 

accumulation of two acids, chromatographically indistinguishable from 

acetic and citric acids. 

Wada (173) isolated bacteria from sail which can utilize the tobacco 

alkaloids as a sole source of both nitrogen and carbon. Two rnicrobial 

types, A anè B were separated and Type A bacteria break down nicotine; 

whereas type B decompose nornicotine and anabasine as well as nicotine. 

The degradation of nicotine by both types follow the same route: 

Nicotine - PseudooY..y-nicotine - )"-Keto- Y -(3-pyrid~rl)-

butyric acid - 3-succinoyl-6-hydroxypyridine .......:=....Aliphatic compounds. 

An organism capable of breakL~g down indole-acetic acid has 

been isolated by Proctor (122) and characterized as a member of the genus 

Pseudomonas. With standard rnanometric techniques the adaptation to 

indoleacetic acid was shown to involve simultaneous adaptation t0 skatole 

(3-methylindole), indoxyl (3-n~droxyindole), salicylic acid and catechol 



but no adaptation occurred to indole, anthranilic acid, o-aminophenol, 

o-nitrophenol, o-nitrobenzoic acid or phthalic acid. 

A study by Rogoff (132) of the bacterial oxidation of quinic acid 

showed that strains of Pseudomonas and Achromobacter spp. isolated from 

soil, utilized quinic acid as a sole source of carbon. Protocatechuic acid 

was produced as an intermediate in this oxidation but sequential induction 

experimenta indicated that p-hydroxybenzoic acid was not an intermediate 

in quinic acid oxidation. 

Metabolism of cinnamic acid and hydroxycinnamic acid by 

Iactobacillus pastorianus var. quinicus 1'/aS sh('":.n by v.fuiting and Carr 

(18l).Wben this organism was inoculated into a basal medium with the 

addition of 0.025% cinnamic acid ~~d 0.25% fructose, the cinnamic acid 

was completely metabolized to dihydrocinnamic acid. In a similar medium 

containing 0.025% p-coumaric acid (p-hydroxycinnamic acid) and 0.25% 

fructose, t\ro products, phloretic acid and p-ethylphenol were pr(v'lur~ed. 

Marr and Stone (109) reported that t1ro organisme, strains of 

Pseudomonas and of Mycobacterium species were capable of utilizing 

benz~ne as sole carbon source. Both organisms oxidized benzene manometrically 

~dth sufficient oX0rgen uptake to account for oxidation to carbon dioYide 

and ,..,ater. The met.abolic pathl..ra.~r for the breakdown of henzene is via 

3, 5-cyclo-heY.a.diene-1,2-iiiol and catechol. Phenol and o-benzoquinone 

are not probable intermedia.tes in thP. o.xidation ~cheme by these ore;anisms. 
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Metabolisrn of miscellaneous aromatic compounds by fungi: Henderson 

et al (83) re~orted that numbers of fungi isolated from soils ttnder a 

variety of veeetational types "'ere found to att2.ck p-hydroxybenzalrl.eh~rde., 

ferulic acid, syringaldehyde and vanillin. By spectrochemical and ~aper 

chromato;:;raphic methods vanillin and ferul:tc acld 1-rere shovm to 'be converted 

to vani llic e.cid and syringaldehyde conv~rted to s~rringic acir1. before the 

breaking of the benzer:e ring. Consec;.uently Henclerson (85) i.nvesti;:;ated the 

influence of trace elements on the metaboJ5sm of aromatic ccmpounds by 

soil funei. Aspergillus nicer, Hor~odendrum sp. an~ PenicilliQ~ sp. 0eficient 

in various trace elements were studied but only iron !"lad any !narkerl effect 

on the rates of metabolism end on the accu:'1Iulation of intermediat.c products 

of ~etabolism. 

A number of moulds, obtained from culture collections a..11d by 

enrichment tech.11iques, 1-rere t'3sted by ';'festlake et al (180) for their ê.bilit~r 

to rleerarle ruti"1. The molds, }':>.rticularly· Asper[-';iJ lus f1trrans o.r..rl !::.· niF,P!' 

appeared to be ::•ost active. The '3_Spereilli ~'l'hen :/0''1Il on either rutin or 

quercetin :produced extracellub.r enzymes that deG!'aded both rutin and 

quercetin but not quercitrin. Rutinose1 protocatechuic acid1 phloroelucirrol 

c:1.1rboxyJic acid, and a phloroelucinol carboyyJ.ic acid-protocatechutc acid 

ester ~·rere irlentifiert 'by :parer chrome.toer-2-I'hY as the products. 

Hetabolism of IT'.iscellaneous aromatic compounds by ani mals: A sturiy 

been made of the fate in the r2..bhit. of 11 3.,5-td, I'P.nt.a- and hexa-



chlorobenz.ene hy Pe.rke and 1'lil1iams (120). 1,3,5-t.richlorobenzene 

is not rAadily metaholized. The major IJOrlion of 3. rlose of 0.5 g/kg. 

is unchanged in the gut contents and tiss~es 8 rlays after dosing. 

Some of the U.l1Chane;ed chlorohydrocarbon is elbûnated in the faeces 

and expired air. A small proportion is converted into monochlorobenzene, 

sorne of which appears in the expired sir and as p-chlorophenol in the 

'Jrine and less than 10% of the dose is excreted as 2,4,6-t.richlorophenol. 

Pentachlorobenzene is not read:l_ly metabolized. Sorne 10-20% is 

dechlorinated and el5m.tnated in the e:xpired air as less-chlorinated 

benzenes, and a small amount of !'-chlorophenol ,..,af: isolated fr<"m the 

urine, thus proving the occurrence of dechlorination. Pentachlorophenol 

\'las a very 'l'i!lor urj_nary metabolite. It j_s doubtful l'!hether hey,_achJ.orobenzene 

is rn.etabolized at all. Pentachlorobenzene and hexachlorobenzene e;ave no 

ethereal stùphates, gl~curonides or mercapturic adds. 

The fate of 2,4,5-trih~rdroxybut~rrophenone in the rat and dog has 

heen studied by Astill et al (1). At the dose levels studied, 2,4,5-

trihydroxy-butyrophenone is almost completely absorbed; about 75% of a 

single dose of 400 me-/kg. in the rat, and 300 mg./kg. in the dog, is 

excreted as conjugates, and the path of metabolism is largely by ethereal 

sulphate and glucuronide conjugation. Ethereal sulphate conjugation at 

the 5-hydroxyl-group leads to 5-butyryl-2,4-dihydroxy-phenyl hydrogen 

sulphate, isolated as the potassium salt which ~~s converted then into 
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5-hydroxy-2 1 4-dimethoxybutyrophenone. Glucuronic acid conjugation at 

the 4.-hydroxyl group 1eads to 4-butyryl-2,5-dihydroxy-phenyl glucosiduronic 

acid, which was not isolated but was converted into 4-hydroxy-2,5-dimethoxy­

butyrophenone. 

An enzyme system in rabbit liver homogenates which oxidizes 

p-nitrotoluene to p-nitrobenzoic ad_d was studied by Gillette (63). 

p-nitrotoluene is first oxidized to p-nitrobenzyl alcohol by a reduced 

triphosphopyridine nucleotide-dependent nrl.crosomal enzyme system. 

p-Nitrobenzyl alcohol and p-nitrobenzaldehyde are oxidized by diphospho­

pyridine nucleotide-dependent enzymes in the soluble fraction. 

In studying the metabolic fate of gallic acid and related compounds, 

Booth et al (18) sho>:Jed that o-methylation resulting in the formation of 

4-o-meth,yl gallic acid accounts for the major metabolite in the urine 

of rats or rabbits ingesting gallic acid, propyl gallate, lauryl gallate, 

or tannic acid. Decarboxylation aecounts for a second metabolite identified 

as pyrogallol in the urine of rats receiving gallic acid by intraperitoneal 

injection or rabbits receiving gallie acid in the diet. 3-Methoxy-2,4-

dihydro:xybenzoic acid was the major urinary metabolite of rats given 2,3,4-

trinydroxybenzoic acid. Syringic acid and 3,4-dimethoxy-5-hydroxybenzoic 

acid were identified as urinary metabolites of rats receiving 3-o-metnyl 

gallic acid. 
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METABOLISM OF COUMARIN AND REIA TED COMPOUNDS 

1-fetabolism of coumarin and related compounds by anirnals: In studying 

the metabolism of coumarin and o-coumaric acid in rabbits, Mead, Smith 

and vlilliams (112) reported that coumarin is hydroxylated to 3-, 7-, and 

8-hydroxycoumarins, which excreted in conjugation with glucose while 

o-cournaric acid appears to be excreted unchanged. 

Booth et al (17) showed that rats and rabbits receiving coumarin 

oral~, produced o-hydroxyphenylacetic acid in the urine which indicate 

that opening of the lactone ring and decarboxylation occurred. An alternate 

pathway for the formation of o-hydroxyphenylacetic acid from cournarin 

involves o-cournaric acid and o-~rdroxyphenyllactic acid as intermediates. 

Sorne of the o-cournaric acid was converted to o-hydroxyphenylhydracrylic 

acid and 4-hydroxycourna.rin. A species di E'ference wa.s encounted in that 

rabbits excreted 3-hydro:xycoumarin and 7-hydroxycoumarin after ingestion of 

coumarin whereas rats did not excrete either of these compounds in 

dete~table amounts. 

A quantitative study of the metabolism of labelled coumarin in 

rats and rabbi ts was reported by Kaighen a.nd Williams ( 93) • vfuen fed to 

rabbits at a dose level of 50 mg./kg., BO% of the c14 of the coumarin 

was excreted in the urine in 24 hrs. By isotope dilution the metabolites 

were found to be coumarin (0.5%), an acid-labile coumarin precursor (14.9%), 
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3-hydroxycou.l!lal"in (21 .. 7%), 4-hydroxycoumarin (0 .. 6%)., 5-hydroxycoumarin 

(0.4%), 6-hydroxycoumarin (3.4%), 7-hydroxycoumarin (12%)., 8-hydroxycoumarin 

(1 .. 9%), o-hydroxyphenyllactic acid (3%)., and o-hydroxyphenylacetic acid 

(20%) .. These metabolites accounted for nearly 95% of the excreted radio­

activity. In the rat., about 3% of the dose was excreted in the urine as 

hydroxycoumarins and 5% as an acid-labile precursor of coumarin while 

the main urinary metabolite was o-hydroxyphenylacetic acid (20% of the dose). 

Metabolism of c<:umarin and related compounds by higher plants: The 

metabolism of coumarin in hie;her plants was studied by Kosuge and Conn 

(1011 102). Coumarin, when administered to shoots of white s~.,eet clover 

(:Z..felilotus alba) was rapidly converted to meUlotic acid. Subsequent 

experimenta wi th enzyme extracts of sweet clover showed that this conversion 

is stimulated by the addition of reduced triphosphopyridine nucleotide or 

a TPNH-generating system. Apparently coumarin, by hydrogenation, is first 

converted to dihydrocoumarin and the latter compound, by hydrolysis 1 is 

then converted to meU lotie acid. When radioactive o-couma.ric acid was 

administered to excised clover shoots, it was converted primarily to 

o-coumaryl glucoside, and in srnall amounts to coumarin, melilotic acid1 

melilotyl glucoside, and other unidentified compounds. 

Metaholj sm ot: çQygrin and related compound a by microorganisms: 

Metabolism of coumarin and related compounds by cultures of Penicillium 
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were studied by Bellis (10). Tvro of the moulds isolated by enrichment 

techniques were identified as Penicillium jenseni and Penicillium 

nigricans and were able to utilize coumarin as the sole carbon source. 

During growth the concentration of coumarin decreased steadily, but it 

was not possible to isolate any derivatives although in a medium 

containing sucrose and coumarin, a little umbelliferone was found. 1ihen 

the medium contained o-coumaric acid in place of coumarin as sole carbon 

source, a large amount of 4-hyd.roxycoumarin 1<1as isolated and in addition 

to 4-hydroY . .ycoumarin a little dicumarol was detected also. 

The effect of temperature, aeration, pH and nutrition on the 

metabolism of coumarin by nine strains of a Pseudomonas sp. l>fere studied 

by Halvorson ( 76). All influence the rate of coumarin breakdown and 

under optimum conditions, 0.25% coumarin is metabolized in 18 hours by 

the most active strains. The major route for total decomposition ~ms 

found to be o-coUI!1.aric acid through melilotic acid and 2,3-dihydro.xy­

phenylpropionic acid with other partially irlentified or tL'1ident.ified 

com_pounds suggested as further :i.nterrrJ.ediates in the metaholic scheme. 

HE'I'ABOI.IC PATH'iJ"AY FOR THE DEGRADATION OF AROllATIC "RINGS 

Hetabol:ic pathway for the degradation of e,rol"J.lê.,tic ring:::; hy 

m:Lcroorganisms: In general, bacterial enzymes c1e.?ve the aroJ:~.atic ring 

by the insertion of oxygen betv-rP-en thA atoms f'or!!!.;_ng the C-H honds of 

hm adjacent ri..11g carbons, so t[lat t1vo hydroxyl eroups e.re . .formed on 



the ring in an ortho T'elationship; the carbon-carbon 1->ond bAt,-reen the 

hydro:xyls is ~ubsequently split. 

The key intermediates undereo ring cleavage and further 

transformation to form 2.liphatic corrrrounds which can enter the terw.inal 

respiratory c:rcles. The efforts of a m.unber of workers have elucidated 

tJ->e steps involved in these ree.ctions; the path1-ray by which catechol is 

deeraded is seen in Fig. 3. 

Catechol -->~ Cis-cis-r.ruconic acid 
oL. 

---'~ y -Carboxymethyl-f:l 
1Jutenolide 

!-Ketoadipic acid 

Fie;. 3· Oxirlative metabolic !'e..th':ray of catechol by m:icroorganisms. 

ProtocËtecbL1c acid is also degraded tof'-ketoactipic acid; the 

steps ir: t.his degradation are not so 1\fell k."'!.o~-m (Fig./.:.) as those of the 

catechol pé:..tb 

Protocé:l.techuic acid ____ .....;:_ ,_Carboy,:y;TJ.conic acid 

~ 
f-K etoadipi c a cid Succinic acid 
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Fig. 4. Oxid2.ti ve metabolic ra.thv.cy of protocatechu:i.c a cid by microorea.rlisms. 

Sleeper and Stanier .:149! rlemonstrated the enzymatic o.:::i.d:<>.t5.on 

of' c2.techol and }Jrotocatechuic g,cid to /J-ketoD .. r15pjc acid. Dried ceJ1s 



pre!'ared frol"l Pseudomonas fluorescens erown on '!I<J.ndela.te, benzoate, 

or 9henol are capable of oxidiz:tng catechol to,9-ketoarlipic acid 

quantitatively. Dried cells prepared from f• fluorescens ero~~ on 

p-hydroxybenzoate are capable of oxidizing protocatechuic acid to 

'-ketoadipic acid quantitatively. 

Evans (53) observed that cultures of Vi'brio 01 fle,relop:i_ng 

:-r.i.th phenol as carhon source ;:;ave an intense ,,iolet Rot.'r-Jera reaction 

during t.J,e latter staees of crm..rt.h. The substance r~">S;?onsible for t.he 

~·osi ti ve Rothera react5.on i'VéU'l not identified hut '.•m s sl,m·m t.o be 

an organic e.cid that 1"as considerahly 1ess ether-soluble thê>.n aceto-

acetic acid. SubsequentJ.y Kilhy (96) is(')lated the ac:i.d from culture 

filt.rates of Vibrio 01 and identified it as ~ketoad:i.pic acid, a 

6-carbon dicarboxylic ac5_d .. 

The t1'!'0 enzymes involved in the conversion of cis-r.is-muconic 

a.cid to f-ketoadi[liC acid were isolated and chs.racterized by Sistrom 

and Stanier (147). The J.actonizing enzyme cata.lyzes a rfnrersible 
r/.. 

interconversion of cis-cis-•nuconic acid and (+ )- 1 -carboxymethyl-Ll 

butemüide, and a.lso a very mu.ch slower interc~c-nversion o:f cis-trans-
oL 

muconic acid and (-)- 'f -ce.rhoJocymethyl- .6-butenolide. J.~Jo:!s required 

for full activity. The delactonizing enz;yne cata1yzes an essentially 
0(, 
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irreversible conversion of (+ )- 1 -carhoxymethyl-L}-butenolide to {J-keto-

adipic acid. It is sterer,speci.f:ic and no cofactor require:rnents were found. 



A protocatechuic acid oxidase ~~s isolated and purified from 

Pseudomonas fluorescens by Jv1".acdonald1 Stanier and Ineraha1 (161). 

The product of the enzyme reaction was identified as one of the 

geometrica1 isomers of~-carbo~~conic acid but the configùration 

was not definitely establitthed1 although it is probably the cis-cis-

isomer as there is at 1east one cis double bond. 

Meh,bo1ic pathwa.y for the degradation of aromatic rings by 

21 

animals: The above ring cleavage mech~ism appears to play Jittle or no 

part in mammalian metabolism. The rupture of the bond is betvreen the carbon 
1 

atom bearing a hydroxyl and an adjacent carbon atom carrying a carbon 

side-chain or carboxy1 as shown in Fig. 5. 

Homogentisate ---.:::.... 1-laleyJ.acetoacetate __ .;;:~..,..._ Fumarylacetoacetate 

~ 
Fumarate+ Acetoacetate 

Fig. 5. Oxidative fission of p-dihydroxyphenols by mammals. 

Homogentisate oxidase, prepared from liver by alcohol precipitation, 

for.med a diketodicarboxylic acid of the s~e oxidation level as fUmaryl-

acetoacetate as show.n by Knox and Edwards (98). The participation of 

iron in this reaction was confirmed. The enzyme possessed essential 

sulfhydryl groups, and certain preparations were activated non-specifically 

by ascorbic acid, glutathione, and other thiol compounds except cysteine. 
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Consequent ].y Knox and Edlofa.rds ( 99) reported that the primary product 

of homogentisate oxidation by a liver enzyme liaS identified as an 

unsaturated P,~-diketodicarboxylic acid similar to fumarylacetoacetate. 

It was different from tumarylacetoacetate in its absorption spectra, 

and it was not hydrolyzed by tumarylacetoacetate hydrolase. The new 

intermediate spontaneously changed into fumarylacetoacetate in acid but 

not in alkaline solution. The chromatographie identification of maleic 

and tumaric acids1 respectively, after alkaline hydrolysis of the new 

intermediate and of fumarylacetoacetate, was consistent with the 

identification of the new intermediate as 4-maleylacetoacetate, the cis 

isomer of fumarylacetoacetate. The difference in the absorption spectra 

of the diketo acids in acid solution was attributed to the existence of 

fumarylacetoacetic acid in its enol form and of maleylacetoacetic acid 

in its keto form. Recently Ed~mrds and Knox (51) reported that maleyl-

acetoacetate isomerase, a n~.,. type of enzyme which catalyzes a. cis-trans 

isomerization. This enzyme converts the first product of homogentisate 

oxidation1 maleylacetoacetate, to the trans isomer1 fumar.ylacetoacetate. 

Evidence is provided that maleylacetoacetate and fQ~rylacetoacetate are 

intermediates of homogentisate metabolism. V~leylacetoacetate isomerase 

has been separated from other enzymes of homogentisate metabolism. 

Glutathione is specifically required as a coenzyme for the reaction. 
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PARTI 

l'ŒTABOLISM OF COUMARIN BY SOU, FUNGI 

METHODS 

SAMPLING OF SOILS 

Soil was collected from the field in the neighbourhood of 

Macdonald College. The soil was sampled by scraping upwards with a 

sterilized scoop from a depth of 3-6 inches. The omission of the 

surface 1/2" was intended to eliminate aerial contarninants not occuring 

natura.14r in the soil. The soil was immediately transferred to sterile 

glass jars and brought to the laboratory. The samples were stored at 

5° C until the following day, when dilutions were made. 

ISOLATION OF MICROORGANISMS 

Microorganisms were isolated from the soil by the enrichment 

technique with couma.rin as the sole carbon source. The medium. (medium A) 

contained: 

(NH4)2so4 ······•••••••••••••·••••••••1.0 gm/liter 

K2HP04 ••••········•••••••••••••••••••1·0 gm/liter 

NaC1 ••···•••••••••••••••••••••·••••• 0.1 gm/liter 

Coumarin •••••••••••••••••••••••••••••1.0 gm/liter 



Isolations were made from the enrichment cultures to an 

identical medium containing in addition 2% sucrose and 2% agar. 

GRowrH OF CULTURES 

The cultures were grorm. on medium A or on medium B throughout 

the course of this investigation. Medium B bad the :to11owing composition: 

(NH4)2S04 •••••••••••••·••••••••1.0 gm/Jiter 

K2HP04 ••.•...••.............•.• 1.0 gm/liter 

Mgso4.?H20 ••••••••••••••·••••• 0.5 gm/liter 

NaC1 •••••••••••••••••••••••••• 0.1 gm/liter 

Feso4.?H20 •••••••••••••••••••• 0,01 Il 

Mn.S04 .H20 • • • • • • • • • • • • • • • • • • • • • 0.005 " 
Coumarin ••••••••••••••.••••••• 1.0 gm/liter 

PREPARATION OF INOCUimi 

The inoculum was standardized in the fo1lowing manner: from 

a agar slant 1 a trans fer was made into 100 ml medium ( medium A ) 

and was incubated at room temperature on a rotary shaker with a speed 

of 75 r.p.m. for three days; a 5 ml aliquot of this mycelitnn suspension 

served as an inoculwn in all trials,. 



IDENTIFICATION OF FUNGI 

Growt.h on Czapek agar medium was exa.mined under the microscope 

by the following technique: a suspension of spores in melted Czapek 

agar in a test tube was shaken vigorously then a few loops full of 

suspension were transferred to a glass slide, covered with a cover 

slip and the medium allowed to solidfy; the slide was incubated at 

room temperature and examined under microscope for several daye. 

EXTRACTION 

The mold mycelium was removed by filtration and the filtrate 

acidified with hydrochloric acid then extracted with ethyl ether. The 

ethyl ether was removed by evaporation and the residue dissolved in 

a few drops of ethyl alcohol. These preparations were used for assay 

by paper chromatography. 

SOURCES OF CHEMICAlS 

Coumarin, salicyJic acid, and catechol were obtained from 
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Fisher Scientific Company, Montreal, Canada. Nelilotie acid, 

dihydrocoumarin, and 4-hydro:xycournarin were obtained from K and K 

Laboratories, Jarnaica 33, N. Y. u.s.A. Dicumarol was'a gift from Abbott 

Laboratories Lirnited, Montreal, Canada. o-Cournaric acid was obtained 

from Brickman and Company, Montreal, Canada. Cis-cis-muconic acid was 

kindly furnished by Dr. w. c. Evans, Department of Agricultural 

Che~tstry, School of Agricultttre, University College of North Wales, 

Bangor, Enelmd. 
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PAPER CHROiv'JI.TOGRAPHY 

Chromatography was carried out on strips of vfuat~ No. 1. 

filter paper by the asending method with the follo11ing solvent systems: 

n-Butano1:acetic acid:water:- To 40 parts n-butano1 was added 

10 parts acetic acid and 50 parts 1-mter by vo1u..me. 

Benzene:acetic acid:1-mter:- To 10 r>arts benzene was added 10 

parts acetic acid and 20 parts \vater by vo1u..me. 

The com.pounds lvere detected under beth acidic and alkaline 

conditions with the follOi\ring spray reagents: 

(1). Diazotized-p-nitroani1ine. p-Nitroaniline, 0.5% in 2 N 

HCl (5 ml) "l.nd Na.N02 (5%) (0.5 ml) were !"ixed before sprayin3 ë."ld 

sodiu.rr acetate solution (20% T:J/V) (15 ml) added. 

This solution ,3;ives a purpli.sh-brov-m to yell011 colour Hith 

phenols. 

(2).Gibbs 1s reagent. A spray of 0.1% etha~olic 2:6-dibromoquinone 

chloroimide was followed by a spray of saturated NaHC03• 

This solution ~ives a p.:Lnk tco blue colour 1dth phenols. 

(.3). Brenta.:mine fast blne R sa:-l.t. Pa pers lvere sprayed 1d.th a 

0.01% aC1_ueous solution of trüs salt. (stabilized, tetra!';oti~ed di-o­

anisirline). 

This spra:~· H p5nk colour v.rith phenols. 



(4). Diazotized sulfanilic acid. Sulfanilic acio~ O.J% in$% 

(V.l/V) HCl (25 rrù.) and NaN02 (5% vi/V) (1.5 rrù.) mxed immediately 

before spray:i.ng 

Tl:'>.is solution gives orange to brown colour with phenols. 

(5). Ferric c.hloride. 0.2% in ~·~ater. This solution V.ves 

unstablA 8olour -vrith some phenols. 

Th~'> Rf ~r::.lu~s ?.nd colours rroduced 1-:>~'>t;·!een the '"'=lrious solva'1ts 

and the coMro1.mds t.ested are g:i ven in Table 1 émd 2. 

ABSCRPT!O~T SPECTftO:VETRY 

The absorption spActra pro~rided a zood means for rlist.i.nsuishing 

phenoJic oomrounds. Filter paper vras illUJl'lina+,ed 1:rith an ultraviolet 

lamp to loc<:.te the fluo':'Pscent spots then qualitati Ye rieterminations 

vmre marie by cuttin::.; Ü'.'.t t,he areas nn the filter paper cont.aining the 

!Jhenolic compound after extracting l'Ji th a different solvent. The 

spectrum wc:.s COfrlilared to those determined for authentic compounds 1d.tl, 

a Zeiss spectrophotometer model No. PHQ II. 
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Compound Solvent~­

A 

Table 1 

Sol vent* 
B 

Diazotized 
p-nitroaniline 

Gibbs 1 s reaeent 

Direct First spray Direct First spray 
spray with 1 N Na.QH _spy-a.:y:_ ___ -~t,p 1 N NaOH 

Cou.marin 0.94 0.90 - Purple - Blue 
~H~roxyco~rin, . 0.90 0.92 Yellow Brown Pink 
Dicumarol 0.90 0.21 Yellow Ye11ow Pink 
o-Coumaric acid 0.89 0.82 Yellow Purule 
Salicylic acid 0.92 0.85 Yellow Brown Blue 
Helilotic acid O. 88 o. 84 Yellow Purple Pink Blue 
Dihydy-oC()'I.ll'nB.rin 0.813 0.84 Yellow Purple Pink Blue 
Catechol 0.95 0.80 Brown Brown Pink Brown 

* Solvent A is n-butanol-acetic acid-water (h:l:5); Solvent Bis benzene-acetic acid-water (1:1:2) 

- Colourless. 

"' œ 



Compound 

Cotunarin 
4-Hydroxy­
coumarin 
Dicumarol 
o-Cou.maric 
a cid 
Salicylic 
ac id 
Melilotic 
a cid 
Dihydro­
couma.rin 
Catechol 

Table 2 

Brentamine fast Diazotized Ferric chlorid.e 
blue B salt sulfanilic acid 

Direct First spray Direct First spray Direct 
__ spray· wi th 1 N Na OH spray Ni th 1 N Na OH spray 

Brown 
Pink YeJlow 

Pink Yellow 

Yellew · Red 

Pink Brown 

Pink Brown 
Yellow Yellow Brown Blue 

First sp,..ay 
with 1 N NaOH 

Bro'tm 

(\) 
...0 



DETERMINATION OF COUMARIN 

Coumarin was estimated by the colorimetrie method of Clayton 

(42). To 1.0 ml aliquot of fermentation liquor was added 2.5 ml of 

1.1% sodium carbonate solution and the liquid was heated nearly to 

boiling on a water bath {900 C) to obtain rapid equilibration 

between the lactone and acid configuration of the coumarin molecule. 

The solution was cooled slowly and 5.0 ml of the diazonium solution 

was added and the volume made up to 50.0 ml with distilled water. 

The solution were allowed to stand for 30 min. at room temperature 

before reading in a Coleman colorimeter with a 470 mu filter. The 

reagents are prepared as follol'TS: 

Solution A : p-nitroaniline }Jydrochloride. p-nitroaniline 

(3.5g) was dissolved in 45 ml of 37% ~rdrochloric a.cid and the 

solution was diluted to 500 ml ~dth distilled water and filtered. 

The solution will keep indefinitely if stoppered in ~ brown bottle 

at 5° c. 
Solution B : sodium nitrite. Sodium nitrite {5.0 g) was 

dissolved in lOO m~ of distilled water. This solution is not as stable 

as solution A and should be renewed frequently. It is best to keep 

the solution away from the light and in a dark bottle. 

The diazonium solution was prepared after the stock solutions 

(A and B) were cooled in an ice bath. Then 3.0 ml of solution A 

30 



and 3.0 ml solution B were placed in a 100 ml volumetrie flask and 

immersed in an ice bath for five minutes. To this 12.0 ml of solution 

B was added1 the flask was shaken, then returned to the iee bath 

for an additional five minutes. The flask ~ms then filled to the 

100 ml mark with iee eold distilled water and kept on iee until used. 

A standard curve showing the linear relationship between concentration 

of coumarL~ and optical density is given in Fig. 6. 
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Fig. 6. Standard curve for coumarin. 



RESULTS 

ISOlATION OF NICROORGANISJ.f> 

Isolation of fungi. A total of 36 isolat es were obtained 

from different soil samples. 

Isolation of other microorganisms. No actino~ycetes or 

bacteria were isolated in repeated trials. 

GROWTH EXPERll!ENTS 

Tubes (25 ml) con:t" .. Lning 10 ml medium A were inoculated 

1dth the pure culture under exa.rnination and incubated at room 

temperature for periods of 7 days. The resulta are shown in Table 3. 

Table 3. Comparison of growth of fungi with coumarin as sole 

carbon source. 

Organism No GroY.rth 

Very good 
8 isolates Poor 
23 isolates Very poor 

* These cultures were added to the Macdonald College culture 

collection and numbered Mac# m31 to m35 respectively. 
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IDENTIFICATION OF COUMARIN UTILIZING FUNGI 

According to a manual of soil fUngi {64) 1 all of these active 

isolates {Mac# m31 to m35) were identified as : 

Glass ------------------------ Fungi imperfecti 

Order Moniliales 

Family ---------------------- Tuberculariaceae 

Genus ----------------------- Fusarium 

The species was not inentified. Typical morphology of the 

isolated Fusarium sp ('Hac# m32) is shown in Fig. 7-10. 

34 

Exru!lination of other isolates that demonstrated slow·er utilization 

of cou.-rnarin, and were described 1 shovred that the~e fUngi belonged to 

other genera eg. Aspergillus, Penicillium and 1-''iucor. 
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CF.ANGES IN ACIDITY DURING GROWI'H OF THE CULTURES 

ti'la,sks(250 mJ) containing 100 ml medium A were inoculated l<rl.th 

rure cultures ~4c# m31, 32, 33, 31:; and 35~ and incubated at room 

temperature for periods of 15 days. D'lring erovrth the solutions become 

more acid :lS the results in Table 4 s'bm'/'. 

Table 4. Changes in pH during fermento.tion. 

Da ys Orrranism No 
31 32 33 34 35 

nH 
0 7.1 7.1 ?.1 7.1 7.1 

3 7.0 6.9 6.9 6.S 7.0 

6 h.9 6.8 6.9 6.7 h.9 

10 6.7 6.7 6.6 6.7 6.g 

15 6.6 6.5 6.5 6.6 6.6 

ID!'l-TTIFICATTON OF J'ŒLIT0TIC ACID FOIDW DURING THE UTITT'l.A'I'ION 

The is0lated moulds are able to ut:i.lize coumarin as sole carbon 

source and the rates of erm·rth are fast. Fla~ks (250 :r.ù) contf-lining 

100 wl medium A }l)"ere inoculated with cultures l.fac;;~ w31, 3?., 33, 3h and 

35 ~~d incubated room temperature 'tmder stati~ condition for periods of 

20 de.ys. Durin.::; gro1.·rth the concentration of coumarin falls st.eadily. 
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Pa_i:)er chromatoera:rhy of the ether soluble mz.terials from. these media 

:r-eveals a COffi?OU."ld Nith identi~~J :qf' v:-.l'..l.e L'!"!ri the s::une colour reaction 

of melilotic acid aft8!' J5-20 Chromatographie evidence 

for the presence 0f l""eliJo+.ic ad_cl is shmm in Fig. 11. Spectroscopie 

evidence for the presence of melilotic acid is ~iven in Fig. 12. 
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ISOLATION OF l•!ELILOTIC ACID 

Flasks ( 250 ml ) containing 100 ml medium A was inoculated with 

5 ml inoculum of culture Jlac# m32 and incubated at room temperature at 

static state. After 9 days, the filtrate was acidified and extract.ed 

with ethyl ether. After removal of the solvent from the extract, 

40 

the residue appeared to contain melilotic acid because of its characte~istic 

hon'3y-like odor. After dissolving in a small amount of water, it was 

recrystallized from benzene and dried in vacuo. The melting point of 

the isolated melilotic acid was S5-87° C ( uncorrected ) authentic S7° C 

(27) ; mixed melting point S6° C. A comparison of the absorption spectra 

of the isolated melilotic acid with the authentic sample is shown in 

Fig. 13. On the basis of these tests the isolated product \1aS definitely 

identified as melilotic acid. 
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Fig. 13. Absorption spectra: Melilotic acid 3.0 mg 
in lOO ml 95% alcohol. ---- Isolated melilotic 
acid 3. 0 mg :i.n lOO ml 95% alcohol. 
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CONVERSION OF DIHYDROCOUMARIN TO MELIWTIC AC:ID 

A medium containing 0.05 g of dihydrocoumarin, lOO ml of phosphate 

buffer, pH 6 .. 8 and 0.04 g (dry basis) of intact cells of Mac# m32 1-ms 

incubated at room temperature for 12 hours on a shaker at a speed of 

75 r.p.m. The mycelium wa.s removed by filtration and the cleared liquor 

was acidified and extracted with ethyl ether. The ethereal solution 

containing the product was evaporated to dryness and a material was 

crystallized from benzene that had the properties of meLtlotic acid 

(m.p. 86° C) and a similar absorption spectrum. High yields of melilotic 

acid were obtained eg. from 50 mg of dihydrocoumarin 46.0 mg of 

melilotic acid was crystallized ( 83% yield based on theory ) • 

THE UTILIZATION OF COUHARIN IN THE PRESENCE OF AN OTHER SOURCE OF 

CARBON (SUCROSE) 

Medium A lOO ml to which sucrose O.lg had been added as a 

substrate was inoculated with culture ~~c# m32 and incubated at room 

temperature at static state for periods up to 45 days. The rate of 

growth is slow. During growth the pH drops as acid is produced as 

shawn in Table 5. 

Table 5. Variations in pH. 

Da ys 0 5 10 15 20 25 
pH ?.5 6.? 6.0 

30 
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Paper chromatography of the ether soluble material in the 

medium revealed after 30 d.ays incubation that a compound with identical 

Rf value and the same colour reaction as melilotic acid ~ms present. 

EFFECT OF AEHATION rn THE UTILIZATION OF COUMA.RIN 

Flasks ( 500ml ) cont.aining 100 ml medium A was inoculated 

with culture Mac# m32 and incubated at 25° C for 10 days in a shaker 

with a speed of 75 r.p.m. Paper chromatography of the ether soluble 

material in the mediu.m did not reveal the presence of melilotic acid 

after 7 days. 

EFFECT OF TRACE ELEMENTS ON THE UTII.IZATION OF COUY;ARTI~ 

Flasks ( 500 ml ) eontaining lOO ml medium A and lOO ro.l 

medium B 1·rere inoculated with 5 ml inoûulum of culture l:fu.c# m32 anti 

incubated at room temperature for five days on a shaker with a 

speed of 75 r.p.m. The mycelia were removed by filtrat.ion. The filtrate 

was diluted 1-dth distilled water to a suitable concentration and the 

amount of couma:r-in remaining in the medium determined. Table 6 .::;ives 

the results of the tJ~ical experiment. 
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Table 6. Effect of trace elements ( Fe+\nd Mht+) on the utilization 

of coumarin. 

Time of Residual coumarin % Utilization 
incubation !fLlOO ml 
da ys Medium A Hedium B* Medium A Medium B 

0 50.00 50.00 0 0 

1 42.10 34.50 16 31 

2 35.26 28.75 30 42 

3 24.60 15.00 l~9 70 

4 16.51 0 67 100 

5 0 100 

*:Medium B contains Fe++and Mntt"rhich r:tedium A does not. 

COMPARISON OF UTILIZATION OF 1'-lELILOTIC ACID AND CATECHOL 

Medium B in which melilotic acid or catechol replaced coumarin 

as substrate was inoculated with culture Mac# m32 and incubated at 
0 

25 C on a rotary shaker at a speed of 75 r.p.m. Paper chromatography 

of the ether soluble material in the medium to which melilotic acid was 

added as a carbon source showed that after 2 days no melilotic acid 

remained. 

'dhen catechol was added as a carbon source the medium still 

contained catechol after 4 days incubation as demonstrated by paper 

chromatography. 



CIS - CIS HUCONIC ACID FORNF'.D DURING THE UTILIZATION OF COtw.tARIN 

Flasks ( 500 ml ) conte.ining 200 nù_ medium B was inoculated 

with culture l~c# m32 and incubated at 25° C on a rotary shaker with 

a speed of 75 r.p.m. After ten days incubation the et,her soluble 

material from the fermentation liquid contained a compound ~.n.th a 

similar abso:rption spectrum to cis-cis-mu.conic acid ( Fig llf ) • 

Cr~rstallization of cis-cis-muconic acid from similar fermentation 

liquor ~·ras not successful in repeated trials. 

h5 
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DISCUSSIOR 

Studies by Bellie ( 10 ) on the metabolic tate ot coumarin 

in moulds showed that coumarin was utilized as sole carbon source in 

a modified Czapek medium by two moulds identified as Penicillium jenseni 

and Penicillium nigricans. The rate of growth was slow and at no tim.e 

was it possible to isolate any intermediates. In a similar mediUm 

containing sucrose and cownarin, a little umbelliferoae was formed. In 

this study, the five moulds isolated from soil, the Fusarium sp, are 

able to utilize coumarin as sole carbon source in a simple salta medium, 

although the rate of growth is slow. During growth the concentration 

of coumarin falls steadily a..'!'ld the melilotic acid is formed very easily. 

In a similar medium containing sucrose and coumarin, growth is again 

slow but melilotic aeid is still detectable. The isolated melilotie acid 

has been identified by paper chromatography, by its melting point and 

by its ultraviolet spectrum. These resulta were demonstrated for the 

isolated fungus, Fusarium sp • , where melilotie ac id was found to be 

the intermediate in the coumarin metabolism. This metabolie pattern 

is absolutely different from Penicillium sp. as reported by Bellis (10). 

The biological oxidation of eoumarin in bacteria has been studied 

by Halvorson (7,6) who demonstrated that with tritiated eownarin as a 
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substrate that melilotic acid and 2 13-dihydroxyph~lpropionic acid 

were radioactive. The degradative mechanism from coumarin to melilotic 

acid was suggested through o-cou:rnaric acid. This confirmed the evidence 

of Booth et al (17) who studied the urinacy metabolism of coumarin by 

rats or rabbits. Booth et al (17) showed that o-coumaric acid was the 

first intermediate found and resulted from the opening of the heterocyclic 

ring of coumarin. In this study never was it possible to detect or 

identify o-coumaric acid as an intermediate and on the other hand, the 

isolated fungus, Fusarium ~·~ utilized o-coumaric acid as a sole 

carbon source and produced high yields of 4-nydroxycoumarin. 

From phosphate buffered dihydrocoumarin medium melilotic acid 

was almost quantitatively recovered with resting intact tungus cells. 

Based on these data the conclusion is that the metabolism of coUJnarin 

in Fusarium !!12.. is similar to that found in higher plants by Kosuge 

and Conn ( 1011 102 ). The mechanism then is that coumarin1 by hydrogenation, 

is first converted to dihydrocoumarin and the latter compound by 

hydro~sis is then converted to rnelilotic acid. 

In su.mmarizing the resulta, there appear to be two w.ajor pathways 

for the biological degradatj.on of coumarin: (1), from couma.rin through 

o-coumaric acid to melilotic acid;(2) 1 from coumarin through di~~rocoumarin 

to melilotic acid. These pathways are demonstrated in the accompanJri_ng 

dia gram: 
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/""' / CH=.C}iCGOH 

1 ,, 

"/'-np 

"l:elilotic acid 

on thE'! .!':'.P.t.abolism o aror,atic corn!'lounrl.s 'br soil ft!1e;i s'lowed that 

iron h d mark~d effPct on tl1e rates of met.a nlism of t,he ri..n~ compmmrl.s. 

This se ems to be t rue for the 1"'letabn1ism of cowna:rin h~r the is -, ated 

funeus , F'usariu.l'll sp. A\, .qrlv?nt.ae;e in usine: ~)asal metiiUifl ~-rithout 



trace elements is that the intermediate 1 melilotic acid, accumulates 

in fermentation liquor for a long time and is therefore ver7 easil7 

to identify and isolate. 

To cleave the aromatic nucleus bacteria, in general, break the 

aromatic ring by the insertion of oxygen between the atoms forming the 

C-H bonds of two adjacent ring carbone, so that two hydroxyl groups are 

present on the ring in an ortho relationship and then the carbon-carbon 
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bond between the hydroxyle is subsequently split. Benzenoid compounds 

containing various substituent groups undergo enzymatic manipulations to 

reach this orthohydroxylated state, eg. phenol is hydroxylated to catechol, 

which is cleaved. However, all biological systems do not follow the same 

route eg. homogentisic acid is ruptured at the bond between the carbon atom 

bearing a hydroxyl and an adjacent carbon carrying a carbon side-chain by 

ma.mmals ( 98, 99). This second pathway could be the route of metabolism of 

couma.rin by the Fusarium. sp. as the data indicates that a mineral salts 

medium with either melilotic acid or catechol added as substrate behaved 

differently after incubation. The melilotic acid was completely metabolizeà 

after 2 daye, but the catechol was not utilized even after 4 days incubation. 

Therefore, catechol is not likely a intermediate in the metabolism of 

couma.rin by the isolated fungus, Fusarium sp. Moreover, besides melilotic 

acid, no other ring compound was detected although evidence was found for 

the presence of cis-cis-muconic acid. These results su-·gest that the carbon 

-carbon bond may be broken between the carbon atom bearing a hydroxyl 

and an adjacent carbon 
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a.tom ca.rrying a. carbon side chain eg. melilotic a.cid. Based on , 

this theoey , a mechanism or coumarin meta.bolism. by the soil f'ungus 

Fusa.rium sp. is presented. 

Coumarit~. 

HC- COOH 

J! 
H! 
JJ;_ COOH 

cis-cis-MUconie a.cid 



PART II 

COUMARIN METABOLISM BY CELL FREE EXTRACTS 

METHODS 

It is well understood that whole eells or many mieroorganisms 

are impermeable" pr nearly so., to certain intermediates in the 

metabolism._ of some eompounds. The use of eell free extraets helps 

to overeome the problem of permeability and results obtained with 

them often are different than those aequired with intact cells. 

The purpose of the present work is to compare the metabolic patterns 

of intact cells and cell :tree extracts. 

GROWI'H OF CEU.S 
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Flasks ( 500 ml ) contain:tng 200 ml medium ( composition as 

medium B in Part I but 'Wi.th O.lg coum.arin ) were inoculated with 5 ml 

inoculum. ( prepared as dèscribed in Part I ) of culture Mac# m32 

and incubated at 250 C for 7 days on a rotary shaker with a speed of 

75 r.p.m. 

PREPARATION OF CELL FREE EXTRA.CTS 

The mycelia o'b'baintcl of culture J!.ac# m32 were harvested by 

filtering through a funnel, then were wa.shed with cold 0.1 M phosphate 



bu..f'fer1 pH 6.S. The crude enzyme extract was prepared by grinding the 

wet myoelia with an equal weight of sand prewashed with 0.1 M 

phosphate buffer at pH 6.S • The cells were ground in a chilled 

mortar for 10-15 min., then 4 to 5 volumes of 0.1 M phosphate buffer1 

pH 6.8, was added and the cellular debris and the sand were removed 

by filtering through Whatman No. 2 filter paper~.The supernatant 

was used as enzyme preparation for the study of the enzynœ.tic degradation 

of coumarin. 

PRF.':PARATION OF A~:iMONIUM SULFATE PRECIPITATES 

Fifty millilitres of cell free extract ( protein1 1.4 mg/ml ) 

was stirred continuous1y and 7.6 g of finely powdered (~m4)2so4 
was added to give 0.2 saturation; this was al1owed to stand for 15 min. 

The precipitate was separated by centrifugation at SOOO r.p.m. for 

15 min., then dissolved in 20 ml of 0.1 M phosphate buffer at pH 6.8. 

The supernatant was treated again in the same ma.rmer with an additional 

11.4 g of (NH4)2so
4 

to obtain 0.5 saturation and again after a simi1ar 

treatment with an additional 7.6 g of (NH4)2so4 to obtain 0.7 saturation. 

The precipitates were recovered and dissolved in 0.1 M phosphate buffer1 

pH 6.8. All the solutions were dialyzed against 1 liter of 0.1 M 

phosphate buffer, pH 6.8, for 12 hours and then ana1ysed for enzyme 

activity. 



ENZYMATIC ANALYSES 

The enzymatic degradation of coumarin and hydrolysis of 

dihydrocoumarin was estimated by measuring the formation of melilotic 

acid. Since dihydrocoumarin is difficultly soluble in water1 it was 

first dissolved in a small amount of ethanol then diluted with 
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distilled water. Freshly prepared dihydrocoumarin solution is rela.tively 

stable for about three hours if kept cold. 

CIŒMICAL ANALYSES 

Determination of protein : The protein content of the cell free 

e:x:tra.cts was estimated by turbidity measurements of trichloroa.eetic 

a.cid precipitates ( 152 ). The cell free extract, containing 0.1 to 

5.0 mg of protein, was made up with water to a volume of 2.0 nù.1 and 

3.0 ml of 5.0 % trichloroacetic acid solution were added. The resulting 

suspension was allowed to stand for.30 seconds and the turbidity was 

measured in a Coleman colorimeter with a 525 mu filter. Crystalline 

egg-albumin was used as a standard and a linear tunction over the range 

of protein concentration from 0.1 to 3.0 mg was found as shown in Fig 15. 
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Fig. 15. Standard curve of protein solution. 
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DetermL~ation of coumarin: See above on page 30 for a description 

of the method. 

Determination of melilotic acid: Melilotic acid reacts with 

diazonium solution in an alkaline condition to give a reddish colour, 

as does coumarin. Thus melilotic acid was estimated by the same method 

used in the determination of cou.marin and a standard curve is gi ven in 

Fig. 16. 

Assay of a mixture of melilotic ac id and coumarin: The principle 

of the estimation of mixture of coumarin and melilotic acid is based 

on the finding that both compounds react, as shown, with diazonium 

solution at an alkaline pH but that at a neutral or acid pH, melilotic 

acid gives a yellow color and coumarin no color. 

In the assay procedure to 1.0 ml of a sample at neutral pH was 

added 5.0 ml of water, fol1owed by 1.0 ml of dia.z6ftj_um solution (freshly 

prepa"red), then after shaking for 30 seconds, the mixture was allowed 

to stand for 30 minutes and the absorption at 470 mu was determined 

and compared with that of a standard curve. A typical standard curve is 

given in Fig. 17. 
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Fig. 16. Standard curve of coumarin1 melilotic acid 1 and a 
mixture of cournarin and melUotic acid in an alkaline 
condition. 

A mixture of CGUm&rin and melilotic acid is 1:1 ratio. 
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Fig. 17. Standard eurve of meli1otie acid in neutral condition. 



The reason for selecting 470 mn is based on the following 

data( Table 7 ) showing the relatively linear rela.tionship between 

concentration of melilotic a.cid and optica.l density at 470 mu. 

Table 7• The relationship between wave length and optical density 

for melilotic acid assay at neutral pH. 

Wave Melilotic acid1 uglml 
50 100 120 

len&t:h Q:etica.I Densitz 

390 0.39 o.6o 0.70 

430 0.27 0.44 0.54 

470 o.œ 0.15 0.22 

525 0.02 0.03 0.04 

590 0.009 0.01 0.012 
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200 

0.75 

0.59 

0.28 

0.04 

0 .. 014 

To determine the concentration of coumarin, the total amount of 

coumarin and melilotic acid is estimated at an alkaline pH ( see Fig 17 

for a standard curve ) and the melilotic acid concentration is subtracted 

gi ving the amount of coumarin in the sample. 

Dihydrocoumarin (below 100 ug/ml ) and cis-cis-mnconic acid do 

not give a colour reaction at neutral pH. 

Examples of the assay are given in Table s. 
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Tahle 8. Assay of a mixture of melilotic acid and co'Ulllarin. 

Coumarin Comoounds added :eH Products recovered 
Me li lotie cis-cis- Alkaline Neutral Melilotic Coamarin 

ug acid,ug !-lu conie Optical Density a cid 
acid1ug ua % ug % 9 

25 25 25 0.26 0.04 24 96 24.4 97 

50 50 50 0.50 0.079 48.6 97 49 98 



RESUI.TS 

CONVERSION OF COUNARIN TO MEI.IIDTIC ACID BY CELL FREE EXTRACTS 

Qualitative demonstration of enzymatic activity: Enzymatic 

activity was indicated by paper chromatographie assaJr. A 500 ml 

Erlenmeyer flask containing 20 ml of cell free extract ( protein, 

2.0 mg/ml ), SO ml 0.1 M phosphate buffer at pH 6.8, and 0.05 g 

cournarin was incubated at 25° G for 24 hours on a rotary shaker. 
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The solution was e.xtracted with ethyl ether, the ether was rernoved by 

evaporation, and the residue was dissolved in a. fet:l drops of 1..rater. Spots 

were applied to i~atrrœn No. 1 filter paper with a capillary pipette. 

The papers were developed for a few hours at room temperature by the 

ascending technique with a solvent consisting of benzene-acetic acid­

water (1:1:2). The papers were air dried then sprayed with diazotized-p­

nitroanilL~e. A compound with ~lidentical color reaction and an Rf value 

similar to melilotic acid ..,.ras round. 

Effect of p~ on enzyme activity: The effect of pH on enzyme 

activity was studied by incubating 1.0 ml of cell free e.xtract (protein, 

1.4 me/ml ) with 2.0 ml of buffers at pH 3, 4, 5, 6, 6.5, 7, 7.5, 8, 9, 

and. 10, prepared as described in the Appendix Tables :3 and 4 folJowing 

the method of Clark and Lubs (165); to this was added 2.0 ml of couma.rin 



solution ( 500 ug/ml ), and these were incubated at 30° C for 3 

hours. After incubation the resulting m:i.xture wa.s made t.o pH 7 .o 

and suitable aliquot was removed and analysed for melilotic acid 

and cownarin. 

The results are shown in Fig 18. and are calculated as activity 

units where one unit of enzyme is defined as the amount required to 

degrade 0.1 mg of couma.rin in 3 hours at 30° C. 

The optimum pH for degradation of coumarin by the cell free 

extracts of culture Mac# m32 is approximately pH 6.5. 
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Effect of temperature on enzyme activity: The effect ot 

temperature on enzyme activity was studied by incubating 1.0 ml ot 

cell free extr~ct ( protein, 0.7 mg/ml ) with 2.0 ml of buffer (pH6.5) . 
and 2.0 ml of coumarin ( 500 ug/ml ) for 6 hrs at temperature or 5, 10, 

20, 30, 351 and 40° c. Suitable aliquots were analysed and the results 

are shown in Fig. 191 calculated on the basis of enzyme activity units. 

The optimum temperature tor degradation or coumarin by the cell 

free extracts of culture Mac# m32 is approxima.tely 350 c. 
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Fig. 19. Etfeet of temperature on enzyme aetivit7. 
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Effect of mineral elements on enzyme activity: The effect of 

mineral elements on enzyme activity was estima.ted by incubating 1.0 ml 

of a cell free extract ( protein, 0.7 mg/ml ) with 2.0 ml of buffer 

( pH 6.5 ), 2.0 ml of coumarin ( 500 ug/ml ) and 1.0 ml of mineral 

elements ( final concentration, 10-3 M ) in a test tube for 6 hours at 

37° c. A suitable aliquot was rem.oved from the resulting mixture and 

analysed and the result.s are shoY.m in Table 9. 

Table 9. Effect of mineral elements on enzyme activity. 

Compound Helilotic a cid Relative activity 
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added pr0duced compared to control 
ue/ml 

None 50 100 

KCN 48 96 

CuS04 50 100 

Znso4.7H20 55 llO 

MgS01+. 7H20 60 120 

The enzyme poison, cyanide, inhibited slightl;r the activity, 

but the enzyme was stimulated slightly by magnesium and zinc • 

Effect of reduced pyridine nucleotides on enzyme activity: The 

effect of reduced p~Tidine nucleotides on enzyme activity was estimated 

by incubating 0.2 ml of enzyme solution, prepared from 0.2 (NH4)2so
4 



saturation ( protein, 0.3 mg/ml )1 with 7.8 ml of 0.1 M phosphate 

buffer pH 6.8, and 2.0 ml of coumarin ( 500 ue/ml ). To this was 

added 0.3 me of D~lli or TPNH and these were incubated at 35° C for 

30 mins. Suitable aliquots were analysed for melilotic acid and the 

results are shm'IIl in Table 10. 

Table 10. Effect of reduced pyridine nucleotides on enzyme activity. 

Compound 
added 

None 

DPNH 

TPNH 

Relative activity 
compared to control 

lOO 

200 

200 

The conversion of coumarin to melilotic acid is stimulated by 

the addition of reduced diphosphopyridine nucleotide ( DPNH ) or 

reduced triphosphopjTidine nucleotide ( T~lli ). 
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CONVERSION OF DIHYDROCOUI•:ARIN TO MELIWI'TC ACID BY CELL FREE EXTRACTS 

Partial purification of dihyùrocoumarin hydrolase was obtained 

by the ammonium sulfate precipitation technique. ( see above to page 53 

for a description of the rnethod }. The results are eiven in Table 11. 

calculated as enzyme activity units where one unit of dihydrocournarin 
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hydrolase activity is defined as that amount of enzyme which forms 10 ug 

of melilotic acid in 1.0 min. The assay tube contains 1000 ug dihydro-

coumarin, 0.9 ml of 0.1 M phosphate buffer at pH 6.S and 1.0 ml of enzyme 

preparation. This was incubated at 30° C, 

Table 11. Partial purification of dihydroco,~arin hydrolase. 

Fraction 

Crude 
extract 

0.2 (NH1 )~so1, 
saturatÏon 

0.2-0.5 
(NH~ )2soh 
saturation 

Total 
volume 

(ml) 

50 

~0 

Units/rnl 

5.1 

O.h 

l:. 5 

Total Prote in Total 
units m-e/ml prote in 

(mg) 

2550 l.h ?0 

80 O.h 

900 

Sp~cj fic 
activit:r 
units/rng 

36 

10 

0.5-0.7 
(NHJ)2so4 
_sa~t_u_r~a_t~i-on~ ______ 2_.o ____ ~3-·~s ____ ~7~6o~---o~·~s ____ ~l6~-------~~ 

Mo8t of th.e enzyme activity of dih~rdrocou.TJ.arin h~rrl.roJ as~ ''I'?.S 

f'ound in the fraction of 0.2-0.5 (NBlJ.) 2sol~ s<tturation and this pre:rPraUon 

'l're.s rmrified 2-:f'olti cornpared to the eructe extract 1·ri th e. 35% reco,rery 
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Effect of temperature on dibydrocoumarin bydrolase was studied 

by incubating 1.0 ml of enzyme solution ( protein1 0.3 mg/ml.) with S.9 ml 

of 0.1 M phosphate buff'er at pH 6.81 and 0.1 ml of dihydrocoumarin (100 ug) 

for 10 min. at temperatures of 51 10, 201 301 351 and 40° C. A suitable 

aliquot was taken and analysed for melilotie aeid and the resulta are 

show.n in Fig. 20. 

The optimum temperature for hydrolysis of dihyrlrocoumarin by 

the partial purified dihyclroeoumarin hydrolase of culture Mac# m32 is 

approximately 350 C. 

Effeet of pH on dihYdrocoumarin h;~rolase was studied by incubating 

1.0 ml of enzyme .solution ( protein, 0.75 mg/ml ) with 3.9 ml of various 

buffers prepared as show.n in the Appendix Tables 3 and 4 following the 

method of Clark end Lubs (165) ( pH 31 41 51 61 6.5, 71 7.5, S, 91 and 10 ) 

and 0.1 ml of dihydroeouma.rin(lOO ug) for 2 :rrin. at 35° C. Arter incubation 

the resulting mixture was imrnediately made to a neutral pH then heated 

to stop the enzyme action and a suitable aliquot was analysed for melilotie 

aeid. The results are shown in Fig. 21. 

The optimum pH for hydrolysis of dihydroco~~rin by the partial!~ 

purified dif!.ydrocoumarin hydrolase of culture Mac# m32 is approxi.III2.tely 

pH 7•5• 



20 

ID 
15 

...., 

§ 
1>. ...., 
~ ..... 10 ...., 
0 
Cil 
Il> 
ID 

~ 
0 
~ 

~ 5 

0 10 20 
Temperature 

70 

30 

Fig. 20. Bffect of temperature on rlih:rrlrocoumarin h~rrlrolase, 



71 

6 
fil 
+' 
•r-1 

§ 5 
>., 
+' 
•r-1 
:> 

•r-I 
+' 
tl 
Cil 

Q) 
.3 fil 

lll 
,..-! 
0 
~ 

R 
::t 

1 

pH 

Fie 21. F:ffect of pH on di hydrocoumarin hydrolase 



Rffect of mineral elements on dihydrocoumarin hydrolase was 

estimated by incubating 1.0 ml of enzyme solution ( protein1 0 • .3 mg/ml ) 

with 7.9 w~ of buffer at pH 7.0 ( prepared as shown in the Appendix ), 
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0.1 ml of dihydrocoumarin (100 ug) and 1.0 ml of mineral elements solution 

(final concentration ,3.0Xlo-3M) for 15 min. at .35° C. A suitable aliquot 

wa.s taken from the resulting mixture and a.nalysed for melilotic acid. The 

results are shown in Table 12. 

Table 12. Effect of nti.neral elements on dihydrocoumarin hydrolase. 

(lompound 
added 

None 

Nai 

NaF 

Li Cl 

Relative activity 
eompared to control 

lOO 

112 

126 

The enzyme was stimula.ted by cadmium and zinc, but iodide1 

fluoride, and lithium salt inhibited slightly the ·enzyme activity. 



DISCUSSION 

The conversion of' cotunarin or dihyrlrocoumarin to meJ.iJotic 

e.cid by the isolated f1Ll1~s, Fusar.:tum sp., '\<\ra.s demonstra.ted in :i.ntact 

cells. The:=:e experimFlnts 'rlth cell free extre.cts shmr that the step 
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for conversion of cour-,.arin to me1i.lot:i.c a.cid is ~l.o1·r, hut the conversion 

of dihydrocoumarin to melilotic acid by the cell free ext.racts of 

Fusarium sp.) is rapid. Such rE>sults su.:;gest that dih~rdrocoun:Jarin hydrolase 

acti·vity could prevent the accumulation of dihydrocournarin in the 

fermentation liquor. 

Studies by Kosuge and Conn ( 101, 102 ) on t.he metabolic fate 

of coumarin in h:igh plants showeo. that coumarin, when admir..istered to 

shoots of white sweet claver, Melilotus alba, is rapidly converted to 

melilotic acid. Subsequent a~eriments with cell free extracts of sweet 

claver have shown that this conversion is stimulated by the addition of 

reduced triphosphopyridine nucleotide or a TPNH-generating system. Ll'l 

this investigation the step for the conversion of coumarin to melilotic 

acid is stimulated both by the add:ttion of reduced d:i.phosphopyridine 

nucleotide (DPNH) or triphosphopyridine nucleotide (TPNH) t.o the cell 

free extracts of Fusarium sp. This reaction wa.s demonstrated by the 



colourmetrical method ( refer to page 66 ), but cannot be shown 

clearly with absorption spectra where the optical density at 340 mu 

is determined; the reason for this is that these ring compounds 

interfere serious~. The conversion of coumarin via dihydrocoumarin 
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to melilotic acid is not a single step, morc..-·,,~r the reversible reaction 

probably occurs. Therefore, it is difficult to assay enzyme activity 

by conventional assay techniques. 

From these results it appeers that the initial steps in cournarin 

metabolism by cell free extracts of Fusarium sp. is first the conversion 

of coQmarin to dihydrocoumarin by hs~rogenation. The latter com~oQ~d, 

by hydrolysis, is then converted to melilotic acid. These l'fere in 

confirmetion of "N'hat have been demonstrated by the intact cells. 
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PART III 

HETABOLISM OF 0-COUlvfARIC ACID BY SOTL FUNGI 

METHODS 

Experimenta w:ith isolated f'ungus, Fusarium sp., have shown 

that both coumarin and dihydrocoQ~rin are rapid1y converted to 

melilotic acid. Since o-coumaric acid is a related compound~ it 

is thereforersome jnterest to know the metabolic pattern of o-coumaric 

acid by the iso1ated f'ungi. 

IHCROOHGANIS:MS 

The isolated f'ungi, 'f-'!ac# m 31, 32, 33, 34, and 35 were used 

for tPis investigation. 

MEDIA 

The basic medium ( Medium C ) contained: 

(NH
4

)2so4 ................... 1.0 gm/liter 

K2HP04 • • • •••••.••••••••.•.••• 1. 0 gm/li ter 

Mgso
4 
•••••••..•.•...••.•.•..• 0.5 gm/liter 

NaCl ••••••••..••••••••••.•• 0.1 gm/liter 

o-Coumaric acid ••••••.•••••• 0.5 em/liter 



In addition to medium C two other media were used: 

Nedium D-- 1 gram of suc rose was added to medium C. 

HeditL"D. E-- 0.01 gram of Feso4.?H20 and 0.005 gram of Mnso4 were added 

to medium 1). 

INOCULUM 

Cultures for inocultun were grown as slants for four days at 
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room temperature on o-coumaric acid and sucrose agar ( composition as 

medium E ) • They were stored at 5° C and transfers to fresh medium were 

made every four weeks. During the four week period all necessary inocula 

were taken from these slants. 

GROWTH CONDITIONS 

All cultures were grown at room temperature in either a static 

condition or more commonly on a rotary shaker runni~ at a speed at 

75 r.p.m. 

ENZYUATIC ANAJ,YSIS 

The enzymatic products were demonstrated with paper chromatographie 

techniques( see above to page 26 ) 
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CHEMICAL ANALYSIS 

Determination of o-coumaric aci!l: o-Coumarie acid was estimated 
~~) 

by the colorimetrie method used in the determination of eoumarin. 4-Hydroxy-

coumarin does not interfere with the eolour reaction. A standard eurve 

is given in Fig. 22. 
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0 25 50 75 

o-Coumaric acid, ug/ml 

Fig. 22. Standard curve of o-cournaric acid. 



RESULTS 

GRŒVTH EXPERIMENTS 

Tubes (25 ml) containing 10 ml or medium C were inoculated with 

cultures Mac# m31., 32, 33., 34 and 35 and incubated at 25° C for periods 

of 10 days. The results aH shawn in Table 13. 

Table 13. Growth of fungi with o-coumaric acid as sole carbon source. 

Organism No. 

Mac# m.31 

Mac# m,32, 33., 34 
and 35. 

Growth 

Very good 

Good 

CHANGES IN ACIDITY DURING GROTt!I'H OF THE CULTURE 

Flask (250 ml) containing 100 ml of medinm C l<Ta.S inoculated 

with culture Mac# m31 and incubated at room temperature for a period 

of 15 days. During growth the solu:bion become slightly acid in a 

medium containing o-coumaric acid a~ the sole carbon source as the 

resuJts L~ Table 14 indicate. 
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Table 14. Changes in pH during fermentation of o-cournaric acid. 

Days 0 3 10 15 

pH 6.9 6.S 6.7 

IDENTIFICATION OF 4-·HYDROXYCCUHARDT FORMED DURING THE U't'ILIZATION 

OF 0-COill-fARIC ACID 

The moulds isolated from coumarin enriched medium are able to 

utilize o-coumaric acid as sole carbon source although the rates of 

erowth are very slow. Flasks (250 ml) containing 100 ml of m~dium C 
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were inoculated 11ith culture Mac# m31, 32, 33, 3h and 35 and incubated 

at 250 C under a static condition for periods of 30 days. During erowth 

the concentration of o-cournaric acid fell steadily. Paper c'l1romatoeraphy 

of the ether soluble mat-:;rials from these media after 15-30 days incubation 

revealed a compound with ident:i.cal Rr value and the same colour reaction 

as h-hydroxycoumarin. Spectroscopie evidence for the formation of h-hydroxy­

coumarin is given in Fig. 23. Chromatographie evidence for the formation 

of 4-hydroxycoUlJ1.arin is shown in Fig. 24. 
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IDENTIFICATION OF THE l"ERE»!TATION PRODUCT: h-HYDROl:YCOUMARIN 

Flasks ( 250 ml ) contajning lOO ml medium C were inoculated 

with culture Mac# m31 and incubated at 25° C in a static state. After 
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30 days, the filtrate was acidified and extracted with ethyl ether. After 

removal of the solvent from the ex.tract, the residue wa.s recrystallized 

from h.,vdrochloric acid following by isolation of the crystalline material 

by filtration. After drying in 100° C oven, the me1ting point was fotmd 

to be 210° C ( uncorrected ); authentic 210° C (163); mix~d melting 

point 210° C. A comparison of the absorption spectra of the isolated 

4-hydroJcy"coumarin with the authentic sample is shown in Fig 26. On the 

bases of these tests the isolated product ~~s defL~itely identified as 

4-hydroxycoumarin. 
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Fig. 26. Absorption spectra: - 4-hydrO:lcy'COUIIIa.rin o.001g in 
100 ml 1% NaOH. --- - isola.ted 4-hydroxycoumarin 0.001g 
in 100 ml 1% Na.OH. 



THE FCRMATION OF 4-HYDROXYCOUMARDl Dl THE PRESDICE OF AN C1l'HER 

SOURCE OF CARBON ( SUCROSE} 
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Flasks ( 250 ml) containing 100 ml o! medium D were inoculated 

with culture Mac # m,31 and ineubated at 25° C under static state for 

periode of 15 days. The rate of growth is more vigorus with suerose 

added than previously found wi th o-eoumaric a cid as the sole carbon 

source. During growth the pH drops as more acid is produced as shown in 

Table 15. 

Table 15. Variations in pH with sucrose and o-coumaric acid as carbon sources. 

Da ys 0 3 10 15 

pH 6.0 

Paper chrornatoeraphy of the ether soluble ma.terial in the medium 

after 20 days incubation revealed that a compound with identical Rr 

value and the same co1our reactions as 4-hydroxycouma.rin was present. 

The foriiL~tion of 4-hydroxycoumarin with sucrose as the carbon 

source in addition to o-coumaric acid is more rapid than where o-coumaric 

acid is the only source of carbon. 

EFFECT OF AERATION ON THE FO~ÂTION OF 4-HYDROXYCOUMARIN 

F1asks (500 ml ) containing 100 ml medium D were inocu1ated 1'1ith 

culture# m31 and incubated at 25° C for 10 days on a shaker rotating at 
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75 r.p.m. Paper chromatography of the ether soluble material in 

the medium after 10 days reveal the presence of 4-hydroxycoumarin only. 

Aeration was shown to be essential to the rapid utilization of o-coumaric 

acid and all tests were incubated with aeration in subsequent trials. 

EFFECT OF TRACE E~ŒNTS ON THE FORMATION OF 4-HYDROXYCOUMARIN 

The effect of trace elements on the formation of 4-hydroxy-

coumarin was estimated by measuring the disappearance of o-coumaric acid. 

Flasks (500 ml) containing 100 ml of medium D or 100 ml of 
0 

medium E were inoculated with culture Mac# m31 and incubated at 25 C 

for 7 days in a shaker with a speed of 75 r.p.m. In a medium containing 

FeS04 and MnS04 the rate of disappearance of o-coumaric acid is considerably 

raster as shown in Table 16. 

Table 16. The amount of o-cournaric acid in the medium during the 

Da ys 

0 

2 

4 

5 

6 

7 

different periods. 

o-Coumaric 
Medium D 

( wi thout Feso4 and MnSOt
1

) 

500 

370 

116 

62 

24 

0 

acid, ugjml. 
Medium E 

(with FeSOz• and MnSOt
1

) 

500 

230 

64 

12 

0 



PRODUCTION OF 4-HYDROXYCOUMA.Rnl 

Flasks (500ml) containing lOO ml of medium E were inoculated 

with Mac# m31 and incubated at room temperature on a shaker with a 

speed ot 75 r.p.m. for 9 da.7s. The mycelia were removed by filtration 

and the f'iltrate was acidif'ied then extracted w.ith ethyl ether. The 

ether was removed by evaporation and 4-'b.yd.ro:xycou.ma.rin was ceystallized 

twice from hydroehloric acid and dried in an oven at 100° C , high 

yield of crystalline 4-hydr~ou.marin {52%) was obtained as shown in 

Table 17. 

Table 17. Production of' 4-hydro:xycoumarin. 

E:x:periment o-Coumarie aeid supplied 4-Hydroxycoumarin % 
No grams/3 flasks reeovered Yield 

grams/3 flasks 

1 0.15 O.OSl 53·3 

2 0.15 0.079 52.2 

-CONVERSION OF 4-HIDROXYCOUMARIN TO DICUMAROL 

S7 

Flasks (250ml) containing 0.05 gram of' 4-hydroxycoumarin, (dissolved 

in lOO ml hot water) 1 and 1 ml of 40% HCHO -was left at room temperature 

in a static state. After 12 hours a .large amount white crystalline 



material was f'ormed. Af'ter recovery by filtration, and drying1 0.01.,. g 

was recovered ( 93% of theory ) • This material was identi:f'ied as 

dicumarol by behavior on paper chromatograms and by its solubility in 

various solvents. This experiment proves ( as suggested by Bellis (10) ) 

that in the presence of formaldehyde, 4-hydroxyeouma.rin is spontaneously 

converted to dicuma.rol. Any experimente to prove this conversion biologically 

must be carried out under conditions th&t rigidly exclude contamination 

through the air w:i.th formaldehyde. 



DISCUSSION 

Studies by Bellis ( 10 ) on the metabolic fate of o-coumaric 

acid in the moulds1 Penicillium jensen! and Penicillium nigricans 

shotfed that o-couma.ric acid was converted to 4-hydroJcy"couma.rin. The 

presence of sucrose in the medium in addition to o-coumaric acid did 

not interfere with this hydroxylation. In this investigation, the 

moulds isolated from coumarin enriched medium(Fttsarium. sp.) are able 

to utilize o-coumaric acid as sole carbon source in a simple salts 

mediumJ although the rate o:f growth is very slow. In a similar medium 

containing sucrose and o-coumaric acid1 growth is vigorous. Paper 

chroma.tography of the ether soluble w.atter in both media revealed a 

compound w:ith identical Rr Yalue and the same colour reactions as 

4-hydro:xycoumarin. Isolated 4-hydroxycouma.rin was identified by its 

melting point and by its ultraviolet spectrum in sodium hydroxide 

solution. These resulte confirm the observations of Bellis (10). \.Yi th 

these ~~sarium sp., aeration and trace elements increase the rate of 

formation of 4-hydroxycoumarin. No other products were detected. 

Metabolism of o~couma.ric acid in rats and rabbits was investigated 

by Booth et al (17). These workers suggest that o-coumaric acid is 

converted first to o-hydroxyphenylhydracrylic acid and then to 4-hydroxy­

coumarin. In this study no evidence was :round that o-hydroxyphenylhydra-



crylic acid is an intermediate and mechanism of o-coumaric acid to 

4-hydroxycoumarin is still obscure. 

As for the origin of dicumarol, StaJ:nnan, Huebner, and Link 

(163) identified dicumarol as the substance in improper~ cured hay 

which causes a hemorrhagic condition in cattle. They suggested that 

dicumarol was formed from coumarin because of the similar structure. 

Growth of species of Penicillium in a medium containing coumarin as 

the sole carbon source gave no intermediates (10). Growth of Fusarium 
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!e.• (this investigation), pr Pseudom.onas !e. (76) in a medium containing 

coumarin as the sole carbon source resulted in no detectable amounts of 

dicumarol or the precursor, 4-hydroJcy"Coumarin. On the other hand, growth 

of either species of Penicillium in a medium containing 4-hydro:xycoumarin 

and sucrose provided some evidence for the presence of a small amount of 

dicumarol (10) 1 but no evidence was f'ound in this investigation that 

4-hydrox;yeoumarin accwnulated in the medium can be :further converted to 

dicwnarol. The possibility that 4-hy"dro:x;,ycouma.rin is converted to dicuma.rol 

by absorption or formaldehyde from the atmosphere or formaldehyde produced 

by microorganisms cannot be ruled out since dicuma.rol was rormed readi]Jr 

in a mixture of 4-hydro:xycoumarin and formaldehyde. Based on these data 

dicumarol is probably formed from o-couma.ric acid through 4-hydro:xycoumarin 

to dicumarol. 



GENERAL DISCUSSION 

Stanier's •sequential induction' technique has been used as 

a userul tool for stud.y of oxidative metabolism of ring compounds~ but 

in some instances this technique has failed to demonstrate a sequence 

of reaction in the compounds most readily oxidized. For example~ a 

study by Roeoff (132) of the bacterial oxidation of quinic acid showed 

that strains of Pseudomonas and Achromobacter spp~ isolated from soil~ 

utilized quinic acid as a sole source of carbon~ protocatechuic acid 

was produced as an intermediate in this oxidation. Protocateehuic aeid 

was also produced in the course of oxidation of p-P~droxybenzoie acid 

by these organisms. Sequential induction experimente indicate that 

p-hydroxybenzoic acid is not an intermediate in quinie acid oxidation 
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by the orgahisms used. Mead et al (112) showed that melilotic acid~ when 

fed to rabbits~ gave rise to o-coumaric acid which was detected in the 

urine. o-Cournaric acid~ however when administered in the same manner 

did not form melilotic acid. Booth et al (17) showed that the enzyme 

redueing o-coumaric acid to melilotic acid is revereible. Thus no sequence 

of intermediates could be established by the 'sequential induction' 

technique. Halvorson (76) reported that the 'sequential induction' technique 



of Stanier wa.s applied to the metabolism of Pseudomonas !12. grown on 

coumarin and found that of 23 compounds tested on~ o-coumaric acid, 

melilotic acid, and 2,3-dihydroxyphenylpropionic acid behaved as 

inter.mediates of coumarin degradation but the technique failed to 

reveal a reaction sequence for these compounds. For these reasons, 

Stanier 1 s 1 sequential induction' technique was not used in this study. 
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BelJis reported that coumarin '1as utilized as sole carbon source 

by two moulds, Penicillium jenseni and Penicillium nigricans (10). The 

concentration of coumarin fell steadily but no intermediates were round. 

In this investigation, the moulds isolated b7 enrichment techniques were 

Fusarium ~· and these were able to utilize coumarin as the sole carbon 

source. The intermediate product, melilotic acid, was formed in large 

amounts and wa.s identified. Metabolism of cou1na.rin in bacteria 1·ras 

studied by Halvorson (76) who demonstrated that from tritiated coumarin 

as a substrate, melilotic acid was produced that ~res radioactive. The 

mechanism for the conversion of coumarin to melilotic acid in the 

Pseudomonas ~· was suggested by Halvorson to go th~ough o-coQ~ric acid 

since melilotic acid was identified also in fermentation liquor containing 

o-coumaric acid as the sole carbon substrate. This confirms the data of 



Booth et al (17) studying co~,rin metabolis.m in rats or rabbits. 

The mechanism of conversion of coumarin to melilotic acid in 

the fungus, Fusarium !2• 1 is certainly not the same scheme since the 

Fusarium !2•utilize o-coumaric acid as sole carbon source but produce 

a high yield of 4-hydroxycoumarin while with coumarin as the carbon 

source melilotic acid is produeed. Moreover1 a cell preparation of this 

fungus was shown to convert dihydrocoumarin to melilotic acid is 
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almost quantitative. Thus the mechanism of degradation for these Fusarium 

!2• is that coumarin, by hydrogenation, is first converted to dihydro­

coumarin and the latter compound by hydrolysis is then converted to 

melilotic acid. With cell free extracts of Fusarium !2• 1 the evidence 

for this route of metabolism was very good. The data indicates that 

the conversion of coumarin to melilotic acid is slow but the hydrolas• 

converting dihydrocoumarin to melilotic acid is very active. This suggests 

that the active dihydrocoumarin hydrolase prevents the accumulation of 

dihydrocouma.rin in the fermentation liquor. The conversion of couma.rin 

to melilotic acid is stimulated both by the addition of reduced diphospho­

pyridine nucleotide {DPNH) and triphosphopyridine nucleotide(TPNH) (this 

reaction is difficult to demonstratel by the usual assa:r technique as the 

phenolic co:mpounds have an absorption spectrum in the the '\U.traviolet 

that interferes with these measurements). These findings confirm the 

observations of Kosuge and Conn (1011 102) in higher plants. 



The conversion of couma.rin to 213-dihydrox;yphenylpropionic 

acid was demonstrated conclusivel.y by Halvorson (76) for Pseudomonas 

!I!,•but previously a mechanism of' this nature was not encountered 
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and this is the most fruitful path--;1ay to pursue in future degradation 

studies. 

The side chain of' melilotic acid was originall,y thought to 

be the site of' biological attack, auch that each carbon atom of the 

side chain was removed successivel.y with the resultant formation 

of' catechol. No evidence was obtained in Pseudomonas ( 76) or Fusarium 

(this investigation) to prove this meehanism of degradation. 

Studies by Bellis (10) on the metabolic f'ate of o-coumarie aeid 

in moulds, Penicillium jenseni and Penicillium nigricans showed that 

o-eoumaric aeid was eonverted to 4-hydrox;yeoumarin. In this study1 

the moulds belonging to the Fusarium !2. also eonverted o-eoumarie acid 

to 4-hydro:x;ycoumarin. Booth et al (17) reported that o-coumarie aeid 

was f'irst converted to o-hydroxyphenylhydracrylie acid then to 4-hydr~­

eoumarin in animals. In this investigation, no evidence was shown to 

f'avour this mechanism. 

Concerning the origin of dicumarol in spoiling sweet clover, 

Halvorson (76) reported that with Pseudomonas !.2• neither 4-hydro~­

eoumarin, nORdicumarol, nor o-eoumaric acid were deteeted in the 
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fermentation Jiqu.or wi th coumarin as the substra.te nor was 4-hydro:x:;y­

coumarin utilized by these Pseudomonas .!!1:?.• under manometric conditions, 

i.e. no evidence was obtained to suggest any or the Pseudomonas cultures 

play a role in the formation or dicumarol in spoilt sweet clover hay. 

Growth or either species ot Penicillium in a medium con~ining 4-qydroxy­

couma.rin and sucrose provided evidence for the presence or a small amount 

of' dicumarol (10), but with Fusarium !e.•growing on o-coumaric acid 1 

4-hydro:xycoumarin accunn.üates in the medium and no evidence was round to 

indicate any rurther conversion to dicuma.rol. The possibility that 

4-nydroxyeoumarin is converted to dicuma.rol b7 non-biological reactions 

by absorption or forma.ldehyde from the atmosphere is certainzy the most 

logical explanation based on the evidence. 
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Part I. Metabolism of coumarin by soil tungi. 

Moulds belong:i.ng to the Fusarium genus1 isola.ted by an enrichment 

technique, are able to utilize coumarin as the sole carbon source in 

a medium containing inorganie nitrogen and various salts. The rate of 

growth of these fungi is slow but the concentration of coumarin falls 

steadily and melilotic acid is formed. In a similar medium containing 

sucrose and coumarin as sources of carbon, growth is still slow and 

melilotic acid is formed at a slower rate but is still detecta.ble. Trials 

indicated that coumarin metabolism is more rapid in well-aerated medium 

on a rotary shaker but under these conditions melilotic acid does not 

accumulate. The rate of metabolism of coumarin was enhanced by the addition 

of iron and manganese in trace amounts to the usual salts medium. 

With resting cells in a phosphate buffer containing coumarin, production 

of melilotic acid is slow but is measurable. However, with dihydrocoumarin 

as the substrate, melilotic acid is recovered alrnost quantitatively. 

Mel.i.lotic acid was isolated from various culture liquors and was 

identified by its melting point and by its ultra violet spectrum.. 

A chernical method for determining the relative concentrations ot 

coumarin and melilotic acid in mixtures was developed. 
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Part II. Couma.rin metabolism by cell tree extra.cts. 

Experimente with cell free extracts indicated that the conversion 

of coumarin to melilotic acid is slow, but that the conversion or 

dihydrocoumarin to melilotic acid is rapid. The latter enzyme, dihydroeoumarin 

hydrolase, was partially purified and concentrated and its properties ·' 

investigated. Maximum activity was obtained at pH 7.5 and a temperature 

optimum at 35° c. Zinc and cadmium were round to activate the enzyme while 

iodine, fluorine and lithium were inhibitors. 

Part III. Metabolism of o-couma.ric acid by soil :tung:i.. 

Fusarium sp. isolated from coumarin enriched medium can utilize 

o-eoumaric acid as the sole carbon source, but the rate of growth is 

very slow. In a similar medium containing sucrose and o-coumaric acid, 

growth is vigorous and the rate of utilization or o-eoumaric acid is 

rapid. Both aeration and the addition or trace elements increased the 

rate of subetrate utilizaidon and product formation. 

Paper chromatography of the ether soluble material from the mediua 

revealed a compomd wi th identical Rr value and colour reaction ot 4-hydro:x,y­

coumarin. 4-HydroJcyeoumarin aceumula.tes in the m.ediua ( 50% or the theoretical 

yield was obtained as a cryetalline product) and vas identified by its 

melting point and by its ultraviolet spectrum. 
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No other products were round from o-coumaric acid utilization. 

No evidence for the biological conversion ot 4-hydro~coumarin to dicumarol 

was round although experimenta showed that in the presence o:r added 

formaldehyde, dicumarol was rorm.ed in high yields from 4-hydro~otrmarin 

b7 a non-enzymatic reaction. 



ClAIM OF CONTRIBUTION TO KNOlVIEDGE 

The following information, as revealed in these studies, is 

claimed to be a contribution to kno1-rledge. 
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(1). Fungi belonging to the Fusarium genus, isolated by enrichment 

technique, are able to utilize coumarin as the sole carbon source in 

a medium containing various salts and inorganic nitrogen. Most other 

fungi are inhibited by coumarin. 

(2). Factors a.:f'fecting ero1·rth of t.hese cultures and those 

affecting the rate of coumarin utilization were studied. 

(3). By testing gro1-r.ing cultures, resting cells1 and cell free 

a~tracts, the route of coumarin deeradation was round to proceed first 

by reduction to dihydrocoumarin and then by hydration to melilotic acid. 

Active enzyme preparations viere isolated for both conversions and 

dihc~rocoumarin hydrolase was partially purified to give a very active 

preparation. 

(4). A chemical method for determining the relative concentrations 

of cou.marin and melilotic acid in mixtures 1.1as developed. 

(5). These same FusariQ~ sp. utilize o-coumaric acid as the sole 

carbon source. The route of metabolism is different then from coQ~rin 

and the on~r product .:f'ound was 4-hydroxycoumarin. The 4-hydroxycoumarin 

a.ccQ'TIUlated in the medium and l1as not f'urther metaboUzed. 
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APPENDIX TABlE 1 

Absorption spectra. 

mu 

210 
215 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 
285 
290 
295 

Helilotic acid 
3.0 mg/lOO m1, 
95% alcohol. 

%T 

lh.7 
15.2 
18.5 
28.3 
49·7 
73·3 
79 
78.5 
?6.8 
72 
65.2 
56.9 
49.5 
45·5 
lf8.6 
67.4 
77·7 
82 

Isolated melilotic acid 
3.0 mg/lOOml, 95% alcohol 

%T 

10.6 
13 
19.4 
32.55 
52.55 
72.2 
78.9 
77.$ 
74.1 
66.5 
57.2 
50 
45 
4l;. 
47 
52.5 
74 
80 



APP:ENDIX TABLE 2 

Absorption spectra. 

mu 4-Hydroxycoumarin 
1.0 mg/100 ml, 1.% 

Isolated 4-hydroxycoumarin 
1.0 mg/lOO ml, 1% NaOH., 

NaOH. %T 
%T 

220 25.8 29.4 
225 33 36.2 
230 39.5 42 
235 Lt6.2 48.4 
240 55.6 57.2 
245 71 71.55 
250 83.6 84.1 
255 00.2 80.4 
260 72.4 73.05 
265 62.,6 64.2 
270 52.55 54.55 
275 42.6 45.05 
280 37.55 40.2 
285 30.75 33.4 
290 32.4 35 
295 34 36.7 
300 35.2 37.9 
305 40.2 43 
310 48.49 51 
315 61.2 63.4 
320 79.2 80.5 
325 91.1 91.5 
330 95.5 95.3 



APPENDIX TABLE 3 

Standard buffer solution. 

pH* 

2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 

pH* 

4·0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5·4 
5.6 
5.8 
6.0 
6.2 

50 ml, 0.2M KH-ortho-phthalate 
and X ml 0.2M HCl 

x 

46.70 
39.60 
32.95 
26.42 
20.32 
14.70 
9.90 
5.97 
2.63 

50 ml, 0.2MKH-ortho-phthalate 
and X ml C. ~M lfaOH 

x 
0.40 
3.70 
7.50 

12.15 
17.70 
23.85 
29.95 
35.45 
39.85 
43.00 
45.45 
47.00 

* To obtain the requ:i.red pH., mix the solutions in the proportions 

indicated, and dilute to 200 ml. 
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APPENDIX TABlE 4 

Standard buffer solution. 

pH 

.4 
6.6 
6.8 
7.0 
7.2 
7·4 
7.6 

ml A 
0.2 M disodium nhos hate 

13.85 
14.55 
15.45 
16.47 
17.39 
18.17 
1B.73 

mlB 
O.lM citric acid 

.45 
5.h5 
4.$5 
3.53 
2.61 
1.83 
1.27 

127 

pH* 50 ml1 0.21•1 KCl and 50 rrŒ borie add containine; 1:?.1:.05 g 
of H,;BO,; per liter and X rnl 0.2 N NaOH 

x 
7·8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.2 
9.ll. 
9.6 
9.~ 
10.0 

2. 1 
3.97 
5.90 
8.50 

]2.00 
16.30 
21.30 
26.70 
32.00 
36.B5 
h0.80 
43.90 

~} To obtain the required :rH, m.ix the solutions in the prorortions 

:l_ndi.cated, and dilute to 200 ml. 




