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ABSTRACT 

 

Kinetic studies on carotenoid biosynthesis in Micrococcus luteus was conducted for the first 

time using diphenylamine ( DPA ) and nicotine solely and simultaneously .The results have 

shown that the long- chain  polar  carotenoids (xanthophylls ) are formed directly  from 

hydrocarbon carotenoids   ( carotenes ) . The results also  exclude lycopene ( Ψ - Ψ - carotene ) 

as a  precursor of  the long - chain  polar carotenoids , there was a sound  evidence indicating that 

the  latter are formed from neurosporene ( ( 7,8 - dihydro – Ψ - Ψ - carotene ) .  
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INTRODUCTION 

 

Carotenoids are natural pigments , usually yellow to red in color ,  and they are a sub-family of 

terpenes .They occur universally   in photosynthetic organisms but sporadically in non-

photosynthetic bacteria and eukaryotes. Carotenoids   represent a group of valuable molecules 

for pharmaceutical , chemical  food and feed industries. They are multifunctional , taxonomically 

widespread and biotechnologically important   pigments ( Teixeria ,1981 , Palozza and Krinsky 

1992) ,anti-photooxident agents ( Mathews and Krinsky,1970 , Krinsky ,1979  ,  Mathews ,1981 

,  Paiva and Russell , 1999 ,  Moline et al . , 2010 ) , chemotherapy of cancers ( Venket – Rao 

and Agarwat , 2000  , Bhuvaneswari and Nagini , 2005, Musca- Veloso et al ., 2009, Tanaka 

,2012 )  , carrier of an oral vaccine ( Science Daily ,2008 ) ,   treatment of certain human 

photosensitive skin protection and diseases ( Mathews -.1981 ,  Sies and Stahl , 2004 , Lademann 

, 2011 ) , anti-radiation agents ( Forssberg ,et al .,1959 , Bamji ,1969 , , Kapitanov  et al ,1994 , 

Al-Wandawi , 2003 ) , foods , feed ingredient ,and pharmaceutical colorants ( Berry et al ,1971, 

.Al-Wandawi et al , 1985 , Campus ,2011 ) , depressive agents for aflatoxin formation ( ( 

Masood et al .,1994  , Norton ,1997 ) and association with  age - related eye disease 

(,Mozaffarieh  et al . 2003 ,  Moeller et al . , 2006 ) . 

 In an ,earlier  study ( Al-Wandawi , 2000 ) it  was found  that  lycopene and its cis-isomer  were 

the only detectable hydrocarbon  carotenoids ( carotenes ) encountered in Micrococcus luteus 

and constituted a very small portion of the total carotenoids ( 1.2-1.5 % ) , while the polar long- 

chain oxygenated  carotenoids ( xanthphylls ) accounted to more than 98 % of the carotenoids 

encountered in this organism . In an attempt to explore the mechanism involved in carotenoid 

formation in this organism, a novel method was developed using nicotine and diphenylamine 

solely and  simultaneously  by designing  a series of experiments  to find out whether lycopene  

or any other carotenes ( if any? ) is the actual precursor of the polar carotenoids . Nicotine which 

 



International journal of advanced scientific and technical research               Issue 5 volume 1, January-February 2015 

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 385 
 

was used in this study , is a liquid alkaloid  known as  a potent and reversible inhibitor of  

cyclohexylidine ring formation in the biosynthetic sequence leading to the synthesis of the  

hydrocarbon carotenoid , β-carotene in Mycobacterium marinum (Howes and Batra ,1970 ), and 

in several other carotenogenic systems ( Kushwaha  and Kates ,1976 , Ishikawa and Abe , 2004 , 

Fabio et al . , 2005 ) . On the other hand , diphenylamine ( DPA) which is widely used in 

carotenoid biosynthesis studies .Iits specific inhibitory effect on carotenoid formation was  first 

demonstrated in Mycobacterium phlei ( Turian , 1950 ) , and in several other bacteria and fungi ( 

McDermotet et al ., 1973 , Kleinig , 1974 , Harker and Young , 1995 , Grunewald et al .,1997 ,  

Moskalenko  et al ., 2005 ).The effect of simultaneous use of these two carotenoid inhibitors on 

carotenoids biosynthesis in the manner employed in this study has not been reported  before . 

 

 

AIM OF THIS STUDY 

 

    This study was mainly aimed to explore the biosynthetic link between the hydrocarbon 

carotenoids ( carotenes ) and the formation of the polar long – chain oxygenated carotenoids ( 

xanthophylls ) .To achieve this goal , cells  of Micrococcus luteus were first grown in the 

presence of  25 µg diphenylamine / ml culture medium in an attempt to completely  suppress the 

formation of both lycopene  and polar oxygenated  carotenoids alike .Then  lycopene  and long – 

chain polar carotenoids - inhibited cells were  washed and re-incubated in phosphate buffer; pH 7 

( with and without nicotine ) to investigate the influence of these different parameters on 

carotenoids biosynthesis patterns through a series of carefully designed  experiments. 

 

 

MATERIALS AND METHOS 

 

Organism 

    The organism used in this study was referred to in some earlier studies as Sarcina lutea ( 

Nakamura ,1936, Mathews , 1962 , Mathews and Krinsky ,1970 ) and /  or Sarcina flava  ( 

Thirkell and Strang ,1967) , but currently , this organism and eight other species are placed in the 

genus,  Micrococcus ,family ,Micrococcaceae ( Baired and Parker ,1974 ,Schleifer , et al .,1981 

) . Micrococcus luteus is Gram – positive  spheres , strict aerobe ,non -photosynthetic , occurring 

in tetrads and in irregular clusters that are usually non-motile and non spore -forming .The cells 

on nutrient agar , form convex , chrome - yellow  colonies with carotenoid pigments located 

within the cell membrane . This bacterium can be isolated from soil samples , mud , fresh  water 

, dust , air , etc. 

 

 

EXPERIMENTAL SECTIONS 

Culture conditions 
 

The bacterial cells were grown for 36 hours with and without diphenylamine ( see below ) in a 

basal liquid culture medium ( Table -1 ) under standard growth conditions ( incubation at 30 °C , 

a continuous agitation ; 160 rpm , continuous illumination ,6135 lumen , and the ratio of culture 

volume to the flask used in incubation was 1 : 2 ( v / v ) , the bacterial cells were grown for 36 
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hours ,harvested by centrifugation at g X 20000 RPM for 20 min . The cell pellets  thus obtained 

were washed with cold ( 4°C ) 0.1 M  double phosphate buffer , and treated as below ( A to H ) ;  

 

 
 

 

Table  1 : The composition of the basal liquid culture medium for growth of Micrococcus luteus 

 

Bacto-tryptone 17.0g 

Bacto-soytone 3.0g 

Dextrose (Bacteriological grade) 2.5g 

Yeast extract 1.0g 

Sodium chloride 5.0g 

di-Potassium hydrogen orthophosphate 2.5g 

Sodium di-hydrogenorthophosphate 1.60 g 

di-Sodium hydrogen - orthophosphate 

(anhydrous) 

0.9g 

Distilled water 1Liter  

pH 6.95-7.0 

 

 

Expt . A : Cells were grown in the basal liquid culture medium for 36 h and carotenoids were 

extracted , identified and estimated ( as previously reported ( Al-Wandawi ,2000, 2014) . 

 

Expt. B : Cells were grown in the presence of diphenylamine ( 25  µg / ml culture medium ) and 

the carotenoids were extracted ,identified and quantitated . 
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Expt. C . : Cells were grown in the presence of diphenylamine ( 25 µg / ml culture medium )for 

38 h .The cells were harvested, washed twice with 0.M double phosphate buffer  ,re-suspended 

in the same buffer ( in a volume equal to that of the culture medium used for growth ) , and re-

incubated under the same culture conditions and incubation period .The carotenoids were then 

extracted , identified and quantitated . 

 

Expt .D : As in C except the buffer which was used for re-incubation contained 7 m M nicotine  

 

Expt .E : Similar to C  , with the exception instead of re-incubation in buffer ,the cells were re-

incubated in the basal liquid culture medium . 

 

Expt. F : As in E , but the basal liquid culture medium used for re-incubation contained 7mM 

nicotine . 

 

Expt .G : Cells were grown in the basal liquid culture medium and re-incubated in in the same 

growth medium with no addition of either  nicotine and diphenylamine . .  

 

Expt.H ; Cells were grown in basal liquid culture medium without diphenylamine and incubated 

in buffer containing 7 mM nicotine . 

 

RESULTS 

 

Experiment ( A ) : 

  In this experiment , the cells were grown in inhibitor-free culture medium .The results ( Table - 

2 ) show that no hydrocarbon carotenoids ( carotenes ) other than lycopene could be detected , 

and he polar carotenoids ( TPEC and TPHC ) represent he major carotenoid pole and constituted 

more than ( 97 % ) of the total carotenoids . 

 

 

Experiment (  B  ) :  

     In this experiment ( Table 2 ) show that in cells  grown in the presence of  diphenylamine( 

DPA ; 25 µg /ml culture medium),lycopene and long chain polar  carotenoids could not be 

detected. 

 

Experiment ( C ) : 

  

The results presented in ( Table - 2 ) show that  phytoene and phytofluene accumulate when the 

cells are grown in the presence of DPA  ( 25 µg/ml  culture medium) totally converted into the 

polar carotenoids when the cells were washed free of DPA and re -incubated in 0.1M double 

phosphate buffer for the same incubation period and under the same culture  conditions .This 

conversion however ,was accompanied with a significant increase in lycopene content  
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Table  2 : Showing the results of kinetic studies on carotenoid biosynthesis in  

Micrococcusluteus by the sccessive use of diphenylamine and nicotine 

 

mg carotenoids / 10g (Wet Wt.) cells 

 

Treat-

ment 
TUP THP TPEP TC 

Phyto-

ene 

Phytoflu-

ene 

Ƹ–

Caort-

ene 

Neuro-

sporene 
Lycopene 

A 411.9 

 

304.1 

 
96.6 11.2 0 0 0 0 11.2 

B 202.2 0 0 202.2 190.4 11.4 0 0 0 

C 96.3 58.7 19.6 18.0 0 0 0 0 18.0 

E 79.4 42.6 11.8 25.0 0 0 0 0 25.0 

D 282.8 45.4 123.4 114.0 62.8 23.6 7.6 7.0 11.3 

F 305.3 61.1 40.1 204.1 142.0 29.7 9.2 6.6 16.6 

G 187.0 96.8 90.2 0 0 0 0 0 0 

H 99.7 55.2 23.3 21.2 0 0 0 0 21.2 

 

 

TUP= total unsaponifiablepigments  = total carotenoids = total polar hypophasic carotenoids( 

TPHC) +total polar epiphasic carotenoids ( TPEC ) + total carotenes( TC ). 

TC: total carotenes consist of phytoene ,phytofluene , £ -  carotene ,neurosporene and lycopene  

TPEC : total polar epiphasic carotenoids , .the carotenoids encountered in this fraction consist of 

long-chain novel carotenoids with  one or  two cyclic rings, and 45 or 50 carbon atoms . 

TPHP : total polar hypophasic carotenoids.The individual carotenoids of this fraction are very 

polar and almost consist of glycosides  of the long-chain polar carotenoids.  

 

Experiment  ( D ) :  

 

The results of this experiment ( Table 2 ) show that the addition of 7 mM nicotine to the 

phosphate buffer prior to its use for re-incubation of the cells originally grown in the presence of 

25 µg DPA / ml culture has not significantly suppressed the conversion of the accumulated 

phytoene and phytofluene to the  long – chain  polar carotenoids which still amounted to 70.6 % 

of the total carotenoids detected .. 

 

Experiments ( E and F ) :  

  , 

In these two experiments , the cells were grown originally in the presence of 25 µg  DPA / ml 

culture medium , washed with 0.1 M phosphate buffer and re-incubated in the culture medium 

rather than phosphate buffer but in the presence of 7 mM nicotine ( Experiment -F) or without 

nicotine ( Experiment -E ) .The results of both experiments show that the conversion of 

accumulated phytoene and phytofluene to polar carotenoids was incomplete. This was indicated 

by the detection of substantial quantities of other hydrocarbon carotenoids ( e.g., £  -carotene , 

neurosporene and lycopene ) with  a significant drop in the quantity of polar carotenoids. In 

experiment - F, however , the quantity of phytoene was doubled in comparison with that in 
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Experiment - E ; this was accompanied by   a significant decrease in the quantity of polar 

carotenoids . 

 

Experiment ( G ) : 

In this experiment , the cells were grown in the absence of DPA ,harvested ,and re-incubated in 

the growth medium .The results ( Table - 2 ) show that no hydrocarbon  carotenoids (  e .g., 

phytoene, phytofluene ,  carotene , neurosporene and lycopene ) were detected ,and that  the 

polar carotenoids constituted 100 % of the total carotenoids . The striking observation was the 

disappearance of lycopene . 

 

Experiment ( H) :  

 

In this experiment ,  the cells were grown in the growth medium without DPA,and re-incubated 

in the phosphate buffer containing 7 m M nicotine. The results & Table - 2 ) show that lycopene 

was the only detectable hydrocarbon carotenoids and its accumulation  was at the expense of the 

total polar epiphasic carotenoids . 

  

DISCUSSION AND CONCLUSION 

 

     Since the synthesis of the long – chain polar carotenids which are represented by total polar 

epiphasic carotenoids ( TPECs ) and total polar hypophasic carotenoids ( TPHCs ) is totally 

suppressed when the organism was grown in the presence of 25 µg diphenylamine per ml culture 

medium ,and since  the  removal of this carotenoid inhibitor and re-incubationin  in  0.1 M 

phosphate buffer ( pH 7.0 ) resulted   in a 100 % conversion of the accumulated hydrocarbon 

carotenoids , namely , phytoene and phytofluene into polar carotenoids ( polar epiphasic and 

polar hypophasic carotenoids ) , therefore , it is clear that the formation of the polar carotenoids 

is totally dependent of the desaturation of the hydrocarbon carotenoids .The possible role of 

lycopene as a precursor for the polar carotenoids was examined by designing Experiment – D 

.The results revealed that the presence of 7 m M nicotine in the phosphate buffer used for re-

incubation of the cells showed no significant inhibitory effect on the biosynthesis of polar 

carotenoids ,and these constituted 70.6 % of the total carotenoids . This value is only 10 % less 

than that for a similar experiment without using nicotine ( Experiment C) while lycopene showed 

a 10 % increase .This may be interpreted as follows : , (a) . nicotine 7mM) may act as an unusual 

culture component that slows down the speed of desaturation of phytoene , and other 

intermediate compounds( scheme . 1 )  which enhance the dehydrogenation of neurosporene to 

form lycopene ,( b) Lycopene may cyclize to form other polar xanthophylls because of the lack 

of specificity of the enzyme (s) which control the cyclization step (s) . This probability can be 

eliminated  , because , if lycopene has even a secondary role in cyclization process leading to the 

formation of polar carotenoids , it is unlikely to be found constituting 18.6 % of the total 

carotenoids ( Experiment C ) whereas all other carotenes were totally converted to polar 

carotenoids . ,( c) the such increase in lycopene concentration may be due to the reverse reaction 

( conversion of polar carotenoids to lycopene ,although it sounds very unlikely . ( d) conversion 

of lycopene to polar carotenoids may constitute a minor secondary route which operates only 

under specific conditions . ( e).The results of the experiments( E and F) substantiate our earlier 

conclusion ( see above) , that nicotine may act by slowing down the desaturation process. The 

results revealed that phytoene was double while phytofluene ,£ -carotene and lycopene were 
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slightly increased ( Expt. F) in comparison to that of ( Expt. E) ,while the neurosporene 

concentration was almost unchanged .The disappearance of lycopene ( Expt. G ) may be due to 

feedback reaction where there is a demand for other carotene(s), usually neurosporene to cyclize 

and form polar carotenoids .(f) .In ( Expt .H) no further cyclization could take place ; this may be 

due the saturation of the enzyme ( s) in question, its denaturation , suppression , etc ., when the 

cells were re-incubated in buffer  , and not in growth medium as was done in ( experiment G.) 

.These results of kinetic studies exclude lycopene as a normal precursor of the polar carotenoids 

and offer considerable evidence these are formed from neurosporene .      
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