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The Mechanism of Low Nitrogen Promoting Astaxanthin Biosynthesis
in Phaf fia rhodozyma
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Abstract ; The initial nitrogen (ammonium sulfate) concentration remarkably affected astaxanthin
biosynthesis in Phaf fia rhodozyma. Low nitrogen concentration promoted the biosynthesis of
astaxanthin of P, rhodozyma. Metabolic flux analysis was utilized to characterize the influences
of nitrogen concentration on the central metabolism of P. rhodozyma. The flux of acetyleoA
production was positively correlated with the flux of astaxanthin biosynthesis and both of these
two fluxes increased with the decrease of the nitrogen concentration, This suggested that acetyl-
CoA was a limiting factor for astaxanthin biosynthesis in this yeast. Further more, the enzyme
assays were employed to investigate the pyruvate metabolism of P. rhodozyma in detail. The
activities of acetaldehyde dehydrogenase and acetyl-CoA ‘synthetase, two enzymes functioning in
pyruvate dehydrogenase bypass, were extremely low. In contrast, the activity of ATP. citrate
lyase was much higher. Furthermore, the activity of ATP: citrate lyase was positively correlated

with the biosynthesis of astaxanthin in P. rhodozyma. These results showed that ATP; citrate
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lyase reaction determines the supply of acetyl-CoA, the precursor for astaxanthin biosynthesis, in

cytosol of this yeast. Low nitrogen concentration improved the activity of ATP; citrate lyase and

limited the synthesis of protein, thereby increasing the supply of acetyl-CoA and promoting the

biosynthesis of astaxanthin in P. rhodozyma.
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Fig. 1 Time course of astaxanthin content at various
{NH, ), SO, concentrations
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Fig. 2 Metabolic flux distribution of Phaf fia rhodozy-

ma at various nitrogen concentrations
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Fig.3 Pyruvate metabolism model of P. rhodozyma
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Fig. 4 The activity of alochol dehydrogenase in cell ex-

tracts from cultures of 24 h at various nitrogen

concentrations

FEEMN(NH), SO RKET , C BB S MK
EYEAR SR . T NAD* — Z B fii & 88 .NADP™ — 2
BEEAMMZBHE A SBBEHEESRE. X
RAHNERRABECTENIBITRERR
W Z R A AR 2 B, TR R E T N R
MEBFHEZMAIBWEE A, R, £
B (NH,), SO, BKE T , 41 R X B 8 50 8 B B
SMEHEMEERAK MATRMEEBENEEEE
(NH,). SO, i & % B ) REAK T 7+ 5 (B 6) . #r iR
UM B R B Y AR B B BF 40 M P B — Fi B, Ev-

ans FNAN . XABEARBLEONE——Z B
WA EEAZMELTEES. ARREHE—
HEITIEENAES, FEESRIFT RO Ed
RZBHM A, AHESFRERFLRRESH
NHEEARBUTERSHEG THERANREN
EYE TR T 2B A A A K.
mmm NADP-AIDH
0.04}
0.03f
0.02f
o.m-é
0
1& ¢
BB % 8§ (NAD-AIDH ) ¥1 NADP+ — Z Bt iii % &%
(NADP-AIDH) it 7& #&

s PDC
H
W& R RRE
Fig.5 The activities of pyruvate decarboxylase, lactate

LDH
BS5 AAEFERRETFT 24 h EEVHEREIAN
dehydrogenase, NAD* and NADP' dependent

B/ (Umg(ULEB &) )

0.05F [ NAD-AIDH
B i 4% 8% (PDC) , 7L B¢} #( &% (LDH) \NAD* — Z

acetaldehyde dehydrogenase in cell extracts from

cultures of 24 h at various nitrogen concentra-

tions

B PYC

PDH
~ _ C—J ACS
% 0.06 mum ACL
Fo0.05 m
=S
@ 0.04
]
= 0031
80
E .02}
2
-~ 001
e
2 o0

1% th -
HRERRRE

M6 FAAMERRET 24 h ERWOEBATAN
M (PYC) REEA S8 (PDH) 2B
BMAABM(ACS) MMM AWM (ACL)
i

Fig. 6 The activities of pyruvate carboxylase, pyruvate

dehydrogenase, acetyl-CoA synthetase and ATP:
citrate lyase in cell extracts from cultures of 24 h

at various nitrogen concentrations
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Fig.7 Time course of the activity of ATP: citrate lyase
in cell extracts from cultures at various
(NH, ), SO, concentrations
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