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Microbial Synthesis of  L-Dopa  (L-3,4-dihydroxy bphenylalanine)

               by a  ]Rseudomonad  Mutant  DIOIt
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                              Abstract

    The  in vitro  synthesis of  L-dopa  from L-tyrosine  by a  mutant  D  101 (by 3-hydroxylase
enzyme)  of  a  soil isolate, JLseudomonas (PL-strain) was  carried  out.  Thesynthesized L-
dopa  was  idcntified and  estimated  by chromatographic  and  colorimetric  methods.  The
synthesjs  had a pH  optimum  at  6,O. The  NLformyl  derivative of  L-tyrosine  was  a  better
substrate  for L-dopa  formation compared  to L-tyrosine.  Presence of  Cu2+, cysteine  and

ascorbic  acid  increased the total synthesis  of  L-dopa  when  L-tyrosine  or  NLformyl L-

tyrosine were  used  as  substrates.  IVLFormyl-L-tyrosine more  prominently increased the
synthesis  of  L-dopa  compared  to L-tyresine.

                                Intr'oduction

    L-Dopa  can  be synthesized  either  starting  from a variety  of  aldehydes  and  a two  carbon

molecule  or  starting with  L-tyrosine  and  hydroxylating it chemically  or  biosynthetica]ly with

a rni¢ roorganism  or  enzyme.i)

    For  a  long time, because of  high deaminase activity  in microorganisms,  L-dopa  was

not  detectable as  a  metabolite  of  tyrosine  metabolism.2)  Recently, several  L-dopa  produc-
ing microorganisms have been screened.2'3)  Also, enzymatic  preparations of  L-dopa  of

microbial  origins  have been worked  out.`-6)  The present investigation deals with  the pre-

paration of  L-dopa  from a  Pseudomonad mutant  DIOI  .

                           Materia]s and  Metheds

Isolation of  mutant  DIOI  A  soil  Pseudomonas (PL-strain 433) obtained  from National
Chemical Laboratory, Poona, was  grown  on  nutrient  agar  slant,  consisting  of  glucose

(O.5%), peptone  (O.5%), beef extract (O,3%) and  agar  (1.5%), fbr 24  hours  at  270C. The

growth on  a  slant  was  taken out  by washing  with  water  and  diluted te a  concentration  of  105

cells  per ml.  The  suspension  was  shaken  for l hour at  27eC, to cause  consumption  of  all

the  internal metabolites.  The suspension  was  then irradiated under  ultraviolet  lamp  and

aliquots  were  taken  out  at  difTerent time intervals (10, 30, the 60, 120 and  300 sec)  and  plated
out.  In this particular case,  the l20-sec irradiated sample  gave 30"-"40 colonies  per plate.
Colonies were  picked up  at  random  and  allowed  to grow  on  nutrient  agar  slants. A

t This paper was  presented in part at the International Convention of  Biochemists heJ6 at  Baroda,  1970.
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mutant  DIOI  

'was
 thus  obtained  which  synthesized  considerable  amounts  of  L-dopa.

Preparation of  cell  suspension  Mutant  DIOI  was  grown  at  27eC  for 24 hours, in shaking
flasks containing  the  nutrient  broth mentioned  earlier. After growth  of  the mutant,  the
cells were  collected  by centrifugatien  in the cold  at  l6,OOOxg  for 30 min.  The cells  were

washed  with  normal  saline and  suspended  in chilled  O.05 M  phosphate buffer (pH 7.0) to
make  a  2%  (w!v) suspension.
L-Dopa  synthesis  by the mutant  The  medium  used  for L-dopa  synthesis  was  prepared
according  to the method  of  Soubert," with  L-tyrosine  (1,O%) and  1,O ml  of  2%  (wlv) cell
suspenslon.

Identification of  L-dopa  L-Dopa  was  detected by chromatographic  and  colorimetric

methods.  Thin layer chromatography  was  carried  out  on  cellulose  plate employing  n-

butanol: acetic  acid:  water  (4:1:10) as  a solvent  system.  The  plate was  developed for
lew2 hours in the solvent  system  and  spots  were  detected after spraying  with  ninhydrin.

Paper chromatography  (descending) was  done on  Whatman  No.  1 paper using  n-butanol:

acetic  acid: water  (60:15:25) as  a  solvent  system.  The  chromatogram  was  developed fbr
20r-v24 hours. Identificatibn of  spots  was  done by ninhydrin  spray,  The  spots  were  cut

out  and  eluted  from paper by 75 % ethanol  containing  5 mg  of  copper  sulphate  per 1oo ml.

Color intensity was  compared  at  540 mp.  In a  colorimetri ¢  determination,S) an  intense
orange  color  was  obtained  with  nitrite-molybdate  reagent  in alkaline  condition  and  was
read  at 540 rnp.

Preparation of  ?VLformyl-L-tyrosine The  formyl derivative of  L-tyrosine  was  prepared by
treating it with  98%  formic acid  and  acetic  anhydride  in the cold.  It was  distilled under

vacuum  and  the derivative was  recrystallized  with  aqueous  ethanol.  Formyl group was

removed  by treatment with  5 N  HCI  for 8 hours at room  temperature.2)

                                  Results

    The synthesis  of  L-dopa  by  mutant  DIOI  was  studied  using  L-tyrosine  or  NLformyl-L-
tyrosine as  substrates  and  incubations were  carried  out  under  sterile conditions.  After,
incubation, the reaction  mixture  was  centrifuged  at  10,OOOxg  for 30 min,  The supernatant

was  analyzed  fbr L-dopa.

Efflect of  time on  L-dopa  synthesis  The cells  of  mutant  DIOI  were  added  to a  medium

containing  L-tyrosine  in flasks. The  flasks were  kept on  a  rotary  shaker  at 270C fbr 2 to
48 hours. At difibrent time intervals, the  fiasks were  remQved  and  analyzed  for L-dopa,

The  results  are  presented in Fig, 1. The relationship  between L-dopa  synthesis  and

incubation period was  linear up  to 6 hours, after which  the synthesis  Ieveled off  Maxi-
mum  synthesis  took  place in 6 hours and  the  yield was  20%.  L-Dopa  is decarboxylated by
the relatively  non-specific  L-amino  acid  decarboxylase,e-") or  by specific  L-dopa  decarbo-
xylase.i2)  L-Amino  acid  decarboxylase activity  was  present in the mutant.  Among  the
three substrates  L-tyrosine,  L-lysine  and  L-dopa,  tested  fbr decarboxylase activity,  rnelanin

formation took  place rapidly  with  L-dopa  (data not  reported).  This observation  clearly

indicates that dopa decarboxylase was  yery  active  in the mutant,  thus degrading synthe-
sized  L-dopa  to further metabolites.  This is probably  the reason  for the significant decrease
in L-dopa,  which  almost  disappeared after 24 hours.
Relationship between L-tyrosine  eoncentration  and  L-dopa  synthesis  L-Tyrosine  was  added

at  difibrent concentrations  ranging  from O.2 to 2.0%. The  resuits  are  presented in Fig. 2.
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The data clearly show  a linear relationship  between L-dopa  synthesis  and  L-tyrosine  con-

centration.  This relationship  held up  to 1.0% concentration.  At higher concentrations,

no  significant increase in synthesis  was  observed.

Relationship between enzyme  concefitration  (eell suspension)  and  L-dopa  synthesis  Difi
ferent aliquots  of2%  enzyme  (wlv) ranging  from O,1 to 2,O ml  in terms of  cells suspensions

were  plotted against  L-dopa  synthesis  (Fig, 3). A  straight  line relationship  was  fbund
between the parameters up  to 1.0 ml  of  cell suspension.  At higher concentratoins,  L-dopa

synthesis  decreased.
Re]ationship between  pH  and  L-dopa  synthesis  The  synthesis  of  L-dopa  was  test¢ d at

different pH  levels ranging  from 4.0 to 5.5 with  acetate  butfer and  6.0 to 8.0 with  phosphate
bufTer (O.IM). The  optimum  pH  fbr L-dopa  synthesis  was  6.0, on  either  side  of  which,

total synthesis  was  significantly  lower (Fig, 4).

Acet:tebeffeTpHPhcrsphdiebetter

Fig. 4. Relationship between  pH  and  L-dopa  synthesis.
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L-dopa  synthesis

were  tested for
  Three substrates,  L-tyrosine,  L-phenylalanine  and

conversion  to  L-dopa,  The  resu!ts  are recorded  in

Table 1.Substrate  specifieity  for L-dopa  synthes{s  by  mutarit  DIOI

Substrate L-Dopa  synthesis  (%)

L-Phenylalanine

L-Tyrosine

NLFormyl-L-tyrosine

 o.o15.023.0

Different substrates  were  tested at  1.0%  final conoentration.

   With  IV:formyl-L-tyrosine as  the  substrate,  7VLfbrmyl-L-dopa is produced.2' The forrnyl
group  was  removed  by treatment with  S N  HCI  fbr 8 hours at  room  temperature,  thereby

liberating L-dopa,  which  was  assayed  in the  experiments.

   With L-tyrosine  and  its formyl deriyative 15 and  23%  L-dopa  synthesis  occurred,  re-

spectively.  L-Phenylalanine  however could  not  act  as  a  precursor because  of  the  require-

ment  oftwo  hydroxylations. Increased synthesis  ofL-dopa  with  use  of  IVLformyl-L-tyrosine
may  be due to  protection of  L-tyrosine  from deamination.2) The  relationship  between  N-
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Effic:cts ef  supplements  Various  supplements,  e,g., copper  sulfate,  cysteine  hydrochloride
and  ascorbic  acid, were  tested to determine their effect on  L-dopa  synthesis.  These  supple-

ments  were  added  at their optimal  concentrations,  predetermined for each  case.  As  evident

from Table 2, the synthesis  of  L-dopa  was  increased by 29, 51 and  87%  using  L-tyrosine

and  35, 59 and  106%  starting  from NLforniyl-L-tyrosine in the presence of  eopper  sulfate,

cysteine  and  ascorbic  acid,  respectively.

Table 2.Effect  of  supplements  on  L-dopa  synthesis  by mutant  DIOI.

Supplement

Yield of  L-dopa  (%)
    using:

Increase in L-dopa
synthesis  (%) using:

L-tyrostne N-formyl-
L-tyroslne

L-tyrosine Mformyl-
L-tyrosme

ControlCopper
 sulfate

(lysteine hydrochtoride
Ascerbic acid

14.0l8.021.026.220.127.132.441.S
2g.6SO,787.1 3S.359.0106.4

  The supplements  were  tested at  their optimal  concentrations,  predetermined for each  case.

The  optimal  concentrations  were  O.oo3, O.4 and  O,5%  for cepper  sulfate, cysteine  and  ascerbic

acid, respectively.

Discussion

    Madhyastha  and  Bhattacharyya reported  that hydroxylation at  the 3 position of  ben-
zene  ring  occurred  when  the  organism  (PL-strain433) was  grown onp-cyrnene  as  a  sole  carbon

source  by the enzyme  3-hydroxylase.'3) This property ofthe  original  strainwaspossibly

retained  by the mutant  DIOI  which  also hydroxylates L-tyrosine  to L-dopa.  Linear rela-
tionships  exist between enzyme,  and  substrate  concentrations  and  L-dopa  synthesis.  Linear

relationships  also  exist between incubation time and  synthesis  up  to 6 hours. Further, the
synthesis  was  signifieantly retarded,  by high decarboxylase activity, The  optimum  pH  for
L-dopa  synthesis  was  fbund to be 6.0.

    The  fact that Cu"  activates tyrosine hydroxylation reaction  in general, has been well
established.'`) The potentiation in L-dopa  synthesis  by Cu2' also  suggests  that enzyme

3-hydroxylase needs  Cu2'' ions for its activity.  Besides this, a  strong  inhibition of  L-dopa

NII-Electronic  
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decarboxylase enzyme  by Cu2+ has been noticed.i5'i6)

    The  synthesis  of  L-dopa  can  be affected  by (a) deamination of  the substrate  to form
products other  than  L-dopai') and  (b) decarboxylation of  L-dopa  to dopamine which  is
further metabolized  rapidly.i2) The presence of  deaminase") and  decarboxylase9"ii) are

common  among  microorganisms.  With NLfbrrnyl-L-tyrosine, the synthesis  of  L-dopa  was

increased by about  50%  as compared  to that with  L-tyrosine.  The formyl derivative of

tyrosme  protects L-tyrosine  from deamination. Similar to L-tyrosine,  L-dopa  synthesis  in-
creases  with  increases in substrate  concentration.

    The synthesis  either  from L-tyrosine  or  N-formyl-L-tyrosine was  increased significantly
by eysteine  and  ascorbic  acid.  Dopa  decarboxylase activity  is known  to be inhibited by
sulfhydryl  reagents'S)and  ascorbic  acid.2)  Besides decarboxylase, cysteine  also  inhibits
L-dOpa  oxidation.isiig)

                              Acknowledgements

    The  authors  express  their sincere  gratitude to Dr. P.R, Mahadeyan, Chie
Development for his interest and  helpfu1 suggestions,  Thanks  are  due  to  Shri S.K.
and  Miss  Shanti Shah  for their help.

f, Research &
Mehandiratta

References

 l) Editoria]Report:Rharma,J,,205,S13(1970).

 2) Sih, C,J., Foss, P., Rosazza, J., Lemberger,
    M.: J. Amer.  CViem Sbc,. 91, 6204  (1969).
 3) Nagasaki, T., Sugita, M., Fukawa,  H,: Agr.

    Biot. eviem. 37, 587 (1973).
 4) Larway, P., Evans, W.C,:  Biochem.  J.. 85,
    22 (1962).
 5) Enei,H.,Matsui,H.,Okumura,S,,Yamada,
    H.: Biochem.  Biophys. Res. Commtm.,  43,

    1345 (1971).
 6) Enel, H., Natazawa,  H., Matsui, H., Oku-
   mura,  S., Yamada,  H.: fied. Elatr. Biochem.

   Soc. Lett., 21, 39 (1972).
 7) Seubert, S.J.: J. BacteriaL, 70, 426 (1960).
 8) Arnow,  L.E.: J. BioL enem.. 118, S31 (1937).
9) Moeller, A.: Acta. I'ath. ILficrobioL Second.,
   36, l61 (1955).
10) Ewing, C.S.: Pub,. Health Lab., 15, 153
   (1957).

11) Najjar, V.A.: Mbthods in E)iaymology
    (Colowick, S.P., Kaplan, N.O,), Vol. 3, p.
   462, Academic Press, New  York  and  London

   {1957).
12) Coulson,W,E,Bender,D.A.,Jephsom,J.B.:
    Bioehem.  J., 115, 63 (1969).
13) Madhyastha, K.M.,  Bhattacharyya, P,K.:

    lnd, J. Biechem., 5, 161 (1968),
l4) Kertz, D.: IVbture, 180, 506 (1957),
IS) Christenxon, J.G.. Dairrnen, W.  Unden-
   friend., S.: Arch. Biophys., 141, 356 (1970),
16) Hagen,  P,: Brit. J. Pharmacot., 18, 17S
   (1962).
17) Tanaka,  T.: B"U.  Rharm. Res. Inst. (Osaka),
   78, (1 968).
18) Paul, M., Waldradt,  I.: J. Fbod  Sci., 33,

   oo6 (1964).
19) Kertz, D.: IVitture, 180, 506 (1957).
                 (Reoeived May  29, 1973)


