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Production of Ascorbic acid-2-phosphate from Ascorbic acid by Pseudomonas sp.. Kwon, Ki Sung,
Sang-Hyeob Lee, and Won-Gi Bang*. Department of Agricultural Chemistry, Korea University, Seoul 136-
701, Korea - In order to produce ascorbic acid-2-phosphate from ascorbic acid, bacteria capable of transforming
ascorbic acid to ascorbic acid-2-phosphate were isolated from soils and the stock cultures in our laboratory. Among
them, a newly isolated bacterium LSH-3 having the best ability of producing ascorbic acid-2-phosphate was
selected and partially identified as Pseudomonas sp. The optimum conditions for the production of ascorbic acid-2-
phosphate from ascorbic acid and using its resting cells as the source of enzyme were investigated. The results were
summarized as follows: The optimum cultivation time and the cell weight for the production of ascorbic acid-2-
phosphate was 14 hours and 100 g/l(wet weight), respectively. And 0.1%(v/v) Trition X-100 was the most effective
surfactant. The optimum concentrations of ascorbic acid and pyrophosphate were 400 mM and 500 mM, respec-
tively, which led to produce 14.54 g/l of ascorbic acid-2-phosphate. The most effective buffer was 50 mM sodium
acetate. The optimum pH and temperature were 4.5 and 40°C, respectively. Under the above conditions, 17.71 g/l of
ascorbic acid-2-phosphate was produced from ascorbic acid after 32 hour-incubation, which corresponded to 17.5%

of conversion rate based on ascorbic acid.

Key words: ascorbic acid-2-phosphate, Pseudomonas sp, resting cell

L-Ascorbic acid(vitamin Cy= S2d Aol 9ol 349
S 7H QJoRE, ARV, 3RE, AR o1 1A
Aol FHsH AM-EE A de] EAlshe 3]t
o]t} o]g|3l ascorbic acide 7] FolAe AlAew
KISt 8l Aeol M w2A AlslEIch B3] 58
Woll Cu?*e} e Xgke] FF& o] To| EAIshH
AP} B8 7143E T4, 8, 12] AbA, T, 4 o] F
2 fGave}l 2 QlalEel od BallEr] 9] 2 R
=3 A5pA7]= o] ¥lvH[4]. 22w} ascorbic acid®]
XA ascorbic acid-2-phosphate(AsA2PY= Ho|u} Ak3}
A Hajlol A3 HAHAE A 8l Ao M E
uf-g- QP dEA gl HAA A ofH
I EA7 BAFHA G ATH9]. AsA2PE L <Ak
| 28|25 E&)st= phosphatase”} FE2] A A ¢
Rl A AR 9lem phosphatased] &3] 4143517
VPR3] E el L-ascorbic acid7} &=l A ellA
HE3F vitamin C FAE Y3} (7,10]. A AsA2P
B o FAelA ALRS FHEE AAFl 50%el4de]
EH2AAFFHAY A FE ascorbic acid®] HAEEA
o] 851 9l& Wrl opa}, AlF HES FEe] W=

*Corresponding author
Tel. 82-2-3290-4030, Fax. 82-2-925-1970
E-mail: agrchem@kuccnx.korea.ac kr

2A A3 9IH3, 11, 13].

E A7l ascorbic acids QAR 4 Sl P=
S EFoaNE HeElsld, Fejg 459 FAMNES A
FAYPo 2 dhod ascorbic acidet AR Fo A 2
ascorbic acid-2-phosphateZ- AJAFs}7] 918 #HA wkgx7
< =3

=

e X

= W AlSf

2 Ao A Bl AT B TTEE
FE] ascorbic acid-2-phosphate JAtsko] 7} £ HF
F Al ARSI Y. B Alde] AR2-3F L-ascorbic
acid®= Showa chemicalrle] EF A kg AHEsion,
AsA2Px Wako Pure chemicalk}e] 57 A|¢k& AH83l4d
i, ATP, ADP, acetyl phosphate, disodium pyrophos-
phates~2 SigmaAte] B AlekS AMSSIIT. o] wiok
of AMEEl Mixl= Difcorl2HE T3l ARE3lgI e,
T uke] oJubalekl. BE Showa chemical Y Junseirle]

57 9 UF Aoke AMasige

0| B W HISE
A9 FFE BH AW @ wFel WEshed
30°CeIA 36A17E WRY F, RHo2NE LBWA) S miE



34 Kwon et al.

FHSEAL Sl AlE Il & W Fe] HFdle] 30°CelAM
24717t E<k A ERRF200 pm)EtATl. FAE AALE)
gk HEefek LBWA] S0mlE 3k 9lE 500ml
Erlenmyer flaskell Zujofd-& 2%yt HEE 33
F 30°Cell A 1447k 1kl oF(200 rppm)3Fi . o] FA
Wokd FAE 4°CoA 3087 YAIE-E)(7,000 x g)3kT
0.9% A=A 952 23] X3 F aaos AMsigoh
A7 83t FAE 400mM  ascorbic acid, 400 mM
disodium pyrophosphate, 50mM sodium acetate pH 4.5
HEEH-E AREsle] 3% whe-EA1E ARSI 2gks
< A7) 249 whe o BEaflosA FAE e
Hl~°—i§}°ii 10miE 30°CellA 2447k ubgst 3 ukgol
UFE FHsleod 1027 YAE2](7,000 x g+ F A59S
PAE AR A3

e ¥ HEEN

S e] AsA2PE BAAHoE FHeldlr] 93l
Bensinger S21% vl Wl TLCE BAsiele. vk
< dAEYsd A5ds EFEAS Silica gel 60 F
plate(MerckAbel] Z+2F 1 ulid AX3 F n-butanol:acetic
acid:water =5 : 2 : 3(vv)®] FNEAA S AFESle] Al
Al 12R12E F)E A AVNA S AAF dryer® FAFA]
Zl % UV lamp(Ultra violetA}, UVSL-58)Z plate’}2]
AlBe] spotE Felsle EF ER- A8 RFLE v
3ot g o] AsA2PE A OoZ Felslr] 93}
o] HPLCE %239t} Tunable Absorbance UV
Detecter (Waters model 484)7} F-2¥ HPLC (Waters
model 510)] Shodex C52% (300 mm X 2 mm, Shoko)g
A8l EA e, ANEMEE 0.1 M potassium
dihydrogen phosphate, pH 3.03 -f<¢ IOml/min AR5}
ot 3 ASA2PE AREsled 7“’ HEE A17k2] peak
< vlasiedet,

AE del #F A w50 2J8F AsA2Pe] YAk
o) WgEAA SASRO, 1 Fe EEEA
AsAZPRAE] pyT BT e TS

oA 59
TA9] A8 spectrophotometer(LKBA}, Novaspec II)
£ AH8sle] 600 nmellMe] FHER A
o 3
B 2 b5 F5e) S-S APl 20 NE SA4 7|ES
[1] AHgsted Sastodet.
dn o g

Ascorbic acid-2-phosphate A4t B MY gl =X

AsA2PE A7) $18}ed ascorbic acidel A7)
TAAZNE] AsA2PE A#ERe= o] gl vAES
Eopo g Re Felsad s qUHOE e wAE
E°] ascorbic acid phosphorylating activity2 A3
AE AL Hae[5] 9l7] wifel A 71&3 A8 o
e wel EqkesiE RelE oF 6009FY dFst
2 AgAellr] ®AstT gl 5069F0) dFF Sml LB
WA7E e Al el AE3le] 30°CelA 24A17F wioksE
T FAE $F38}e] 200mM ascorbic acid, 200 mM
disodium pyrophosphate, 50 mM sodium acetate pH4.5,
30°Coll A 24417 HES-%® °J¢J—‘ﬂrilﬁ}‘3i‘:} uhg s
e FErEIEE YN 2FEE AsA2pe)
A2 Rg) YT EFTF 4%, AP BITF 63
& asige) Bo ey AME FFES 27 LSH-
1, LSH-2, LSH-3, LSH-42 99slgvt. Ady 552
LBHiZ] 50 mioll 2%(v/vyd %3t 30°CHlM 16A17H8<t
ekt F, dAE o2 ARSEle] 400 mM ascorbic
acid, 400 mM disodium pyrophosphate, 50 mM sodium
acetate pH4.5, 30°Col|lA] 24A)17} u}$-S $83lgdc).
Table 194 Bi= upe} 7o) LSH-3TF7F o9& 59
Hlsled WEE $53lm, AsA2Pe] AAbEFo] 1.93 g/lEA
7 E9dot. aigbd LSH-3E £ AY4A] ascorbic acid
ERE] AsA2PE AABPI9I3 R FHF AEsisic)
FEl95¢] LSH-32 GramaAle| 7HFo =2 47&519\;1 on
+o8S 7K JAH. T4 APl 20 NE 71EE AlE-

Table 1. Comparison of growth and productivity of ascorbic
acid-2-phosphate

Growth Ascorbic acid-2-

Strains (0.D. 600 nm)  phosphate (g/1)

Pseudomonas aeruginosa

IFO 3918 8.13 0.12
Micrococcus flavus

1IFO 3242 8.47 0.56
Micrococcus flavus

NCIB 8166 8.49 0.69
Agrobacterium tumefaciens

IAM 1037 4.66 0.41
Arthrobacter globiformis 8.50 0.25
Cellulomonas sp. AP-7 4.16 1.37
LSH-1 6.93 0.53
LSH-2 5.21 0.36
LSH-3 7.59 1.93
LSH-4 9.12 1.02

Reactions were carried out for 16hrs at 30°C in reaction mixture
containing 100 g/l(wet weight) of cell concentration, 200 mM of
ascorbic acid, 200 mM of pyrophosphate and 50 mM of sodium
acetate buffer(pH 4.5).
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Fig. 1. Growth curve of Pseudomonas sp. LSH-3 and change
in ascorbic acid phosphorylating activity.
Cultivations were carried out at 30°C in LB medium.
Reactions were carried out for 24hrs at 30°C in reaction mixture
containing 100 g/l(wet weight) of cell concentration, 200 mM
ascorbic acid, 200 mM pyrophosphate and 50 mM sodium acetate
buffer(pH 4.5).
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Fig. 2. Effect of cell concentration on ascorbic acid-2-phos-

phate production with resting cell.

Reactions were carried out for 24hrs at 30°C in reaction mixture

containing 400 mM of ascorbic acid, 400 mM of pyrophosphate

and 50 mM of sodium acetate buffer(pH 4.5).
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Table 2. Effect of different surfactants and its concentration
on ascorbic acid-2-phosphate production with resting cell

Surfactant ~ Concentration(%) Ascorbic acid-2-phosphate(g/1)
None 13.05
SDS 0.05 13.63

0.1 13.42
Tween80 0.05 13.24
0.1 13.27
CTAB 0.05 13.07
0.1 13.17
Triton X-100 0.05 13.44
0.1 13.98
0.15 13.88
0.2 13.81

Reactions were carried out for 24hrs at 30°C in reaction mixture
containing 100 g/l(wet weight) of cell concentration, 400 mM
of ascorbic acid, 400 mM of disodium pyrophosphate and 50 mM
of sodium acetate buffer(pH 4.5)
* SDS : Sodium dodecyl sulfate

CTAB : Cetyltrimethy! ammonium bromide
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Fig. 3. Effect of ascorbic acid concentration on ascorbic acid-
2-phosphate production with resting cell.

Reactions were carried out for 24hrs at 30°C in reaction mixture
containing 100 g/l(wet weight) of cell concentration, 400 mM of
pyrophosphate, 0.1%(v/v) of Triton X-100 and 50 mM of sodium
acetate buffer(pH 4.5)
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Fig. 4. Effect of pyrophosphate concentration on ascorbic
acid-2-phosphate production with resting cell.

Reactions were carried out for 24hrs at 30°C in reaction mixture
containing 100 g/l(wet weight) of cell concentration, 400 mM of
ascorbic acid, 0.1%(v/v) of Triton X-100 and 50 mM of sodium
acetate buffer(pH 4.5).
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Table 3. Effect of different buffers on ascorbic acid-2-
phosphate production

Buffer(pH 4.5)

Ascorbic acid-2-sulfate(g/l)

Sodium acetate 14.62
Sodium formate 14.10
Sodium citrate 13.71
Sodium succinate 13.48

Reactions were carried out for 24hrs at 30°C in reaction mixture
(pH4.5) containing 100 g/i(wet weight) of cell concentration,
400 mM of ascorbic acid, 500 mM of pyrophosphate, 0.1%(v/v)
of Triton X-100 and 50 mM of various buffers.

15

Ascorbic acid—2—phosphate (g/L)

25 30 35 40 45 50
Temperature (T)

Fig. 5. Effect of temperature on ascorbic acid-2-phosphate
production with resting cell.

Reactions were carried out for 24hrs in reaction mixture contain-
ing 100 g/l(wet weight) of cell concentration, 400 mM of ascor-
bic acid, 500 mM of pyrophosphate, 0.1% of Triton X-100 and
50 mM of sodium acetate buffer(pH 4.5)
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Fig. 6. Time course of ascorbic acid-2-phosphate production
with resting cell.

Reaction was carried out at 40°C in reaction mixture containing
100 g/l (wet weight) of cell concentration, 400 mM of ascorbic
acid, 500 mM of pyrophosphate, 0.1% of Triton X-100 and 50
mM of sodium acetate buffer(pH 4.5)
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