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Abstract 

Sevcral organisms wcrc tested fur t h e ~ r  ah111ty to degrade dl-synephrine. One soil pseudomonad and a Nocardia 
sp have been found to efficiently utilise the compound. Norardia sp degradcd synephrine by two novel router, 
one involving monoamine oxidase and thr other i n v o l v q  converston to p-hydroxyphenyl-acetaldehyde by the 
rynephrinax cnzymc The p-hydroxyphenyl-acetaldehyde was converted to p-hydroxyphenylacetic acid and 
finally to 2.5-dihydroxyphcnylacctic ncid which underwent ring fission hewecn C, and C2 atoms. The 
munoamme oxidase converted synephnne to p-hydroxymandehcaldehyde which was tinany oridlsed to 
.: lil<hi.dra\-!henroic .led thloryh lhc inte~nicdi.ltc formatian oi [J-h~dronym,indeIic ,md p-hydrorybe~m 
nldehydc md p-h\drouvhcn~oic ncid. .;.a-D~hydrorvhi'nroic acid w;ls cle;wd hv an oxygen,m through an 
ordmftawx. The routc in\olung °yncphrmasc w,u thc malor depr;ldatlve pa1hn;ly. tiowever. thc two 
pathw;iys.were found to operale simultaneously 

Key words: ( ' r ~ r i i ~  plant. dci._r.,d;m,,n. 2.5-d~h~dmn).phenyII~cciic x i d .  p-hydrohyphenylacetic acid. A'ocordin 
sp. phytotoxiciry. synephrine. 

1. Introduction 

Synephrine [p-hydroxy-a-(methylamizsmethyl) benzyl alcohol], a well-known sym- 
pathomimetic amine, is structurally related to epinephrine and is present in high 
concentrations in Amar~lliciocene and Ruraceae plants1? It accumulates to an 
enormous amount of 2 glkg (fresh weight) in the leaves of Citrus reticulata (Tangerine 
and cleopatra mandarin varieties)'. A pathway was proposed for the biosynthesis of 
synephrine in citms4 and thc metabolic relationship of synephrine with other phenolic 
compounds in animals was establi~hed'.~. Phenolic amines with no demonstrable role in 
plants apparently are not metabolised and reach the soil with the senescent leaves. It is 
known that phenolics in general and phenolic amines in particular, if accumulated in soil 
in considerable amolmts, are phytotoxic and result in decreased crop yield. "Soil 
sickness" of apple and peach orchards are examples of such situation7. At  present our 

'Present address: Tobacco and Health Research Inshtute, University of Kentucky, Lexington, KY 40546. 
U.S.A. 

511 



All the hiocheniicals werc pwchascd from Sigma C'h~:micd Co., cxccpt p-hydroxyben. 
zaldchydc which was procured from Koch-Light I.;ihoratorics, England. The stock 
solution of dl-synephrinc was puep:lrcd hy dissolviug 25 i: of  the chemical in a small 
amount of 1M I-IC1 and the volunic was mide  up t o  5(N) nil alter ncutraliaing with 1M 
NaOH. The solution was filter-stcrilircd and stored at 4Y'. 

A bacterial strain was isolintecl from thc cfflucnts of the organic chcmistry laboratories at 
t he  Institute which cvuld degrade several ;in)matic compounds inclutling dl-synephrine. 
The  organism was identified lo he a species of Nocurdiu according to Rergey's Manual of 
Determinative Bacteriology". This organism will he referred to in the text as Nocardiusp 
DM1. The oiganisrn was grown on the following nutrient medium. Sucrose 10 g; glucose 
5 g; peptone 4 g; yeast extract 1 g; calcium nitrate 0.5 g; NarHPO, 12HzO 3 g; KWOS 
0.3 g; NH4CI 0.2 g; MgS0,.7H20 0.2 g; FeS0,, .7H20 0.5 g and 5 rnl of the trace 
element solution containing MnSO.,.I I?O3 Ing; %lrs0.1.7t~$~ 10 mg: C'uSC).JH8 I m& 
Na2Mo04.2H,0 1 mg and H3B0 ,  2 mg; distilled water I000 ml. pH 7.2. The stock 
cultures were maintained on the same mcdiurn containing 2% agar and preserved at 4°C. 

A five millilitre preculture after 36 h of gmwth from thc above medium was 
transfared to 2(K) ml of the following induction medium. Yeast extract 0 . 5 &  
dl-synephrine 2 g and 5 ml of the trace element solution as mentioned above, distilled 
water 1OOO ml, pH 7.2. The organism was grown at 30°C on a rotary shaker 
(120 rev./min) and the cells that werc harvested at 12 h wcre used for metabolic and 
enzymatic studies. 

.2.3. Utilisat~on of dl-synephrine 



at regular intervals" "Ihe opticd dcnsity (OD) was recorded at 290 mn 
,rhlch is the A,,,,,, tor \!:icphrinc in ;I Shimatl/u 1IV-I90 spectrophotometer against 
water blank. 

~soshrd cell su.spcnsiotls: kquai  amount ( 1 g)  of induced (grown on synephrine) and 
""induced (grown only on yeast extract) cells wcrc washed and incubabcd separately 
100 ml of 50 mM sodium phosphate buffer. pF1 7.0 containing !00 mg of synephrine. At 
30 min intervals, samples were drawn from the flasks and synephrine waa estimated as 
mentioned abovc. 

oxygen uptake stud~es: The synephrinc-grown cells were suspended in 0.05M sodium 
@sphate buffcr (pEi 7.0) t o  give a concentration of  30 mg (wet weight)iml. 

Oxygen uptake by the whoie cells was mcasured at 30°C in a Cilson respirometer in 
the prcmm of 5 pmol of the aromatic \uhstrate as dcscrihed hy Waribahu and 
~aid~anathan"'. 

2.4. Isolution und identificaiion of the nzetrrholires 

At different times during growth period, the culture filtrates were analysed for 
metabolites by acidifying to pH 2.0 with 1 M HC1 and extracting twice with eqnal volume 
3f peroxidc-free ether. Thc conibined cther laycrs were subjected to the fractionation 
~rocedure of Abjtha Devi er up. The neutral and acidic fractions thus obtained were 
Jried over anhydrous sodium sulphatc and evaporated in vacuo. The rcsidues were 
ksolved in a small amount o f  ether and were subjected to paper and thin-layer 
:hromatography JT1.C). T h e  mctaholites werc itlcntificd by comparing thcir K, valucs and 
dour reactions with those of authentic compounds. The individual products were 
solated from paper and T1.C plates by eluting with ether. After evaporating the ether, 
he residues were dissolved in 95% ethanol and UV spectra were recorded in Beckman 
dodel-26 double-beam spectrophotometer. Infrared spectra of the metabolites were 
ecvrded in nujol mull in Perkin-Elmer 580 IR spectrophotometer. 

:ell-free extract of the organism was prepared by sonicating the cell suspension in 0.05M 
hosphate buffer, pH 7.0  ( 1 2  w/v) for 10 min and the homogenate was centrifuged at 
7,000g for 15 min and the \upernatant was used as the crude extract. All these 
Perations were carried out at 0-4°C. 

Synephrinasc exzymc catalyw.; the conversio,~ o f  synephrine to p-hydroxyphcnyl- 
:etaldehyde and methylamine". it was assayed following the formation Of 11- 

Ydmxyphenp1acetaldehy& according to the method of Abitha Devi et dx.  Proto- 
ltechuate dioxygenase was a\sayed by following the dis:lppearancc of protocatechuatc 
Y the method of  Nair and vaidyanathan12 as described previously10. Similarly, 
3moPrOtocatechuate dioxygenase was assayed following the disappearance of homop- 
"ocatechuate as mentioned above. pHydroxymandelic acid oxidase (decarboxylating) 



~ h c  foliowing enzymcs wcrz :issaycd pol:~nigr'~rphicdly using Gilson oxygnph andall 
the reactions were performed in 0.05M 5odiuin plroaphatc buffer, pi1 7.0 (120 pmol) I,, 
every enzyme assay. the total reaction ~nixture was 1.2 mi which included 0.1 ml ofthe 
crude extract and the individual reaction ~nixturc: composition i s  as follows: Monoamine 
oxidas: - ~Ii-\yncpliril~c 0.3 prnol: p-hyrlrosyphc1~~l~1~cti1tc-i-I!~~~i1io~~~~:~c. - p-hydroXy. 
phenylac,~taic 0.4 pnol and NAI>II 0.4 pnlol; ?.5-dihydn~xyphe11yliicct:1te, - I,?-dioxyge. 
nase, - 2,5-dihytln~xyphc11yl~tcctntc 0.3 pmol; p-I1ydroxybcn/o::te-3-hydroxyIa~e, p-hyd. 
roxybenzoatc 0.4 pmol, FAD 0.02 pmol and NADPI I gcncrating system 0.1 
(buffer 5pmol, NADPt 0.2 units, preincuhatcd for 10 min at 30°C). Reactions were 
started by the additips of respective substrates and the endogenous oxygen consumption 
was subtracted from the total oxygen uptake :it the end o f  the reaction. All the enzyme 
assays were carried out at 30°C. 

The hydrogen peroxide formed in the cell-free extracts by the monoamine oxidase was 
monitored according to the method o f  I.oschen uli5. The decrease in Scopoletin 
fluorescence was measured in krki11-Elmer spcctrofluorimetcr at 350 nm (exc~tatlon) 
and 460 om (emission). 

Protein was es'timated in the cell-free extracts hy the method of Lowry et all'. All the 
specific activities were expressed as n mole (substr:itc disappeared, or product formed) 
per minlmg protein. 

The mode of protocate~huate ring cleavage was cletcrmincd hy the method of Stanier 
et UP'. 

3. Results and discussion 

Of various organisms tested, only Mycobacterium snzegn~atis, Nocardia sp DM!, 
Aspergillim niger and a bacterial strain isolated from the soil by substrate enrichment 
culture were found to utilise synephrinc as carbon and nitrogen source. Since Nocardia 
Sp DM1 and the bacterial isolate were found to grow best on synephrine, these two 
organisms were selected for detailed studies. The results obtained with the Nocardid sP 
DM1 are presented in this paper. 

The growth curve and the utilisation of dl-synrphrinii during growth period of 
Nocardia sp DM1 is shown in fig. I .  The organism reached stationary phase in 24 hand 
consumed most of the synephrine added, within 30 h of growth. 

3.1. Identqication of the products of synephrine metabolism 

The &values, colour reactions and A,,, values of  various metabolites isolated fromthe 
spent medium of Nocardia sp DM1 at different times during growth period are given !" 
Table 1. UV and IR spectra of the metabolites were compared with those of the authentic 
-7mpounds and were identified as p-hydroxyphenylacetic acid: 2.5-dihydroxyphenylace- 



TIME i rnin I 

FIG. 1 Growth of Nocurrh i p  DM1 un \yncptirinc FIG. 2. Keprn to ry  activities of synephr~ne-grown 
(B) and utd~sation o i  syncphrinc ilnnng ~ r o w t h  Nocardm sp DMI Synephrine ( 8 ) .  phydroxy- 
perlad (0). phenyhcerate (A). 2,5-dihydroxyphcnyldceti1te 

I.), p-hydroxym;lndelate (A), p-l~ydrorybcn~oic 
a ~ . ~ d  (0 ) .  3,Cdihydroryhcmoatc (n). Endogenous 
reapnltion wah subtracted. 

Table I 
Properties of the metabolites formed Rom synepRrine by Nocardia sp DM1 

I 0 43 (1 75 Violct 278 p-Flydroxyphcnyl- 
xe r i c  acid 

11 0 85 0.70 Pale brown - 295 ?.5-Djhydroxyphenyl 
acetlc acld 

111 0 . 3  0.82 Br ick lcd  - 276 p~Hyd~oxymdndelic acld 

0 6-1 0 71 Purple rcd ~ r ~ ~ l ~  285 p-Hydroxybenzaldzhydr 

0.19 U.62 Red 254 p-Hydrorybenzo~c acid 



d l - S ~ n c p l ~ i l r i . - ~ r ~ \ ~ ~ i  wll\  ti!' ,V<>~r~rdii! sp I)hl! i-c;l<!ilv inidiicd d l - s y ~ ~ c ~ ~ ~ ~ ~ ~ ,  
p-hydroxypheny!acetic acid. ~.5-dihytlrc1k~phc11yIiic~1ic ,icid, [J-hydruxymandelic sad, 
p-hydroxyhcnzoic a c ~ d  and 3.4-dihydroxyhenzoic acid (fig. 2 ) .  'l'hc oxygen uptakebythe 
cells with the first thrcc ot thew compouncis w x  corisidcrahly higher than the rest of 

them. However. 3.3-di11yd10uvI~1~e~1~1;~~ctic acid was not oxidiscd to any significant 
estcnt. Tlis oninilucccl cell\ r ~ \ ~ d i f s J  OIII) ~ y ~ s [ ~ l u i t i ~ ~  !Jut could not oxidize any ot Ihe 
other metabolites. 

The utilisarion o f  syncphrinc hy the ~nduccd and unindt~ced cells of the NocardiaspDhll 
is shown in fig. 3. The  induced ccllh utiliscd synephrine ilnmcdiately aftel transferring 
into huffered synephrine solutitrn (fig. 3 ) .  Ilowlrver. the uninduced cells did so only 
slowly without any lag. These ohserwtioiis suggest that thc synephrine metabolising 
enzymes are  constitutively present in rel;itively I r w  qu;intities in this organism. 

Cell-free extlacts of synephrine-grown cells sho\~\.ed very high enzyme activities of 
synephrinase. p-hydroxyphenylacct~teel-t~y~i~osyI~iss and 2,s-dihydroxyphenylacelate 
1.2-dioxygenase whose specific xtivities wcrc respecr~vely 34, 105 and 291, while the 

FIG 3 Utilisation of rynephrine by washed cell 
suspenskrns of Nucorriio sp DMI. Synephrine-grown 
(induced) cells (.), yeast extract-grown (unln- 
duced) cclls (3). 

Time Ih) 



monoarnine oxidase. P-h~droxymandelate oxidase (decarboxylating), p- 
hydroxybenzoate-3-~lydroxy~a~e and protocatechuate dioxygenase we& at very low 
levels having specific activities 15.11.?7 and 13 respectively. We could not demonstrate 
3.4-dihydroxypheny!ilceti!fc dioxyjicnase activity in the cell-frcs extract of thc induced 
cells. Interestingly. only the monmrnine oxidasc (MAO) activity could be detected in the 
ceil.free extract of the uninduced cclk. 

Based on the results of the above studies, two pathways have been proposed for the 
degradation of dl-synephrine by the Nocmu'iu sp Dhal (fig. 4). It is known that in animal 
,~~tems, monoitmine osidase converts c:!techalainincs to the corresponding aldehydes 
which are subsequently oxidized lo the respective acidsl'".t has been suggested that 
loonoarnine oxidasc may also convert synephrine to p-hydroxymandelicaldehyde by a 

reactionh. However, an unidentified Arthrobactrr converted synephrine to 
p-hydroxyphenybacetaIdehyd~ by a novel enzyme, synephrinase, in contrast to the 
p&sible conversion to p:h~~droxymandelicaIdlehydcx.". 

Interestingly, in Nocardia sp DM!, two different pathways were operating simul- 
taneously (fig. 4) which are entircly different from the previously reported path.vay in an 
unidentified Arthrohacter? ddlSynephrine was converted to p-hydroxyphenylacetmIdehy- 
de by synephrinase which was immediately oxidized to p-hydroxyphenylacetic acid. 
Finally. p-hydi-oxyphenyIiicct:~te was hgdrovylated to 2.5-dihydroxyphcnylacetic acid by 
p-hydroxyphenylacetate-1-hydroxylase. presumably involving an 'NPM' shift as evident 
from the positions of the two hydroxyl groups in the product. This reaction is in'contl-ast 
to the previously mentioned reactions in Aithrobacter synephrinum, Pseudoinonas 
puhda, Eschericia coli and Acinrmbacter sp where p-hydroxyphenylacetic acid is 
converted to 3,4-dihydroxyphenylacetic acid without iny 'NIH' shiftIv-'? The conver- 

v V I  VII VIII 1X 

F1c. 4. Proposed pathways for the degradation of synephrine by Nocardru sp DMI. I. synephrine; 11, 
~-h~droxyphcnylaceraldeh~&: 111, p.hydroxypbenylacet~c acid; IV,  2.5-dihydroxypbcnylacet~c acid; V, 
P-h~droxymandel~caldehyde: VJ, p.hydroxyrnandelic acid; VI1, p-hydroxybenzaldehyde; V111, p-hydmxyhcn- 
laic a c d  IX. 3.Cdihydroxyhenzo~ a c d  



sion of p-hydroxyphenylacelic acid to 2.5-dihydroxyphenyincclic acid has a[so been 
reported in Nocctrciia spec 1175 1 by EnpAhmlt c2r id". The ring cleavage 
2.5-dihydroxyphenylacctate took place between C I  and C:, atoms of the benzene nucieur 
as indicated by the formation of maleyl-acetoacetate. A constitutive nonspecific amiue 
ox~dase, possibly an MAO, which WAS Prescnl hoth in the induced and unin. 
duced cells of Nocartliir sp 1)MI convcrtcd dl-syncphrinc to p-hydroxymandcle 
ac~d. This reaction is s~rnihr  10 thc onc reported for tyramine degradation by 
uerogenes ATCC W 2  I>'. The prescncc of  M A 0  Was ~ l k o  widen1 h m  the stoichiometric 
formation of hydrogen peroxide in the cell-free extracts of induced and uninduced cells, 
This enzyme accounts for the slow urilisation of syncphrine by the washed uninduced 
cells without any initial lag period (fig. 3). In contrast to the previous reports of the 
oxidation of p-hydroxymandelic acid to p-hydroxyhenzaldehyde with an intermediate 
formal~on of p-hydroxybenzoyiformic acid in I?rcrlc/o?,torro~'('~~', in Nocardiii sp DMI, 
p-hydroxyrnandelic acid was directly converted to p-hydroxybenzaldehyde by p- 
hydroxymandelate oxidase (decarboxylating). A similar enzyme was reported previously 
from Pseudomona~ convexu by Bhat rt dl". When we incubated the whole cells with 
p-hydroxymandelic acid, we could not tlctcct any p-hydroxyhenzoylformic acid in the 
spent medium. Also, we were unable to demonstrate thc activities of p-hydroxymande- 
late dehydrogenasc and p-hydroxyhenzoylformic acid decarboxylase in the cell-free 
extract of the induced cells. Possibly, p-hydroxymandelic acid directly gets converted to 
p-hydroxybenzaldehyde without the intermediate formation of p-hydroxybenzoylfomic 
acid. p-Hydroxybenzaldchy~ie was immediately oxidized to p-hydroxybenzoic acid. 
Finally, this acid was ring-cleaved hy an  oxygenasc involving orthofission as indicated by 
Rothera's testz8. 

These results show that dl-synephrine was catabolised by Nocurdiu sp DM1 in two 
different novel pathways operating simultaneously. We checked for the interconversion 
of p-hydroxyphenylacetate to p-hydr~x~mandclic acid as reported by Kishore et all4 ill 
Aspergillus niger to see if these two pathways were connected at this point. We could not 
observe the formation of p-hydroxymandelic acid from phydroxyphenylacetic acid 
either in the whole cells o r  in the cell-free extract. Hence, it is unlikely that the two 

2,5-dihydroxyphenyl&ic acidithough synephrine was metabolised to a minor extent by 
the pathway involving M A 0  as the first enzyme. This conclusion is further strengthened 
by thc fact that the enzymes of the M A 0  pathway were present at very low levelsin the 
induced cells. 

SGK is grateful to Dr. Debkurnar Mitra for generous gift of the bacterium. He is also 
thankful to Dr. Nayeem U. Khan for useful discussions. 
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