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Mechanistic Investigation of Light—induced Asymmetric Hydrogenation of
TMSBO by Anoxygenic Photosynthetic Bacteria

Hu, Rui* Zhang, Chengping Pei, Zhisheng
(Institute of Technology, Qiongzhou University, Sanya 572022)

Abstract Enantiomerically pure organosilicon compounds 3-butyn-2-ol not only play an important part in asymmetric syn-
thesis and functional materials, but also many of them are bioactive and can be applied as silicon-containing drugs, such as
(S)-3-butyn-2-ol or its derivative (S)-4-(trimethylsilyl)-3-butyn-2-ol {(S)-TMSBL} is a crucial intermediate for the synthesis
of 5-lipoxygenase inhibitors. The anoxygenic phototrophic bacteria capable of reducing TMSBO to the (S)-TMSBL with high
yield and ee were screened, using absolute configuration, stereoselectivity, and yield as benchmarks. 51 anoxygenic photo-
trophic bacteria strains were tested. We, for the first time, describe the efficient synthesis of enantiopure (S)-TMSBL, which
is a crucial intermediate for the synthesis of 5-lipoxygenase inhibitors through the light-controlled asymmetric hydrogenation
of TMSBO by photosynthetic bacteria Thiocapsa roseopersicina STHO01, which is a newly isolated photosynthetic bacteria
strain that has the capacity to capture light energy and to generate NADPH through photosynthetic electron-transfer reactions.
No oxygen or other metabolic intermediates were used, which make it easy to keep higher activities of redoxase and to sepa-
rate reduced product, the reducing power of NADPH generated through photosynthesis also can be used in the reduction of
exogenous substrates. A novel NADPH dependent carbonyl reductase was separated from Thiocapsa roseopersicina STHOO1.
The enzyme gave a single band on SDS-PAGE, which was purified through ammonium sulfate, Q-sepharose anion exchange
column, gel filtration chromatography on a Superdex 200 column from cell-free extract. The molecular mass of the enzyme
was about 44.5 kDa, relative enzyme activity was 449.8 U/mg, which is comparable to the previously reported carbonyl re-
ductases from other sources. These results suggested that pH, light intensity, heat-treat biocatalysis with different tempera-
ture, substrate concentration has great influence on the enzyme activity and configuration of carbonyl reductase ((S)-carbonyl
reductase and (R)-carbonyl reductase) from Thiocapsa roseopersicina STHO01. We propose a probable mechanism for
light-induced asymmetric hydrogenation of TMSBO to produce (S)-TMSBL by anoxygenic photosynthetic bacteria.
Keywords light-induced  asymmetric ~ hydrogenation;  (S)-carbonyl reductase  (R)-carbonyl  reductase;
4-(trimethylsilyl)-3-butyn-2-one; (S)-4-(trimethylsilyl)-3-butyn-2-ol
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Figure 1 The mechanism of light-controlled asymmetry hydrogenation of TMSBO by photosynthetic bacteria
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Table 1 Summary of the purification steps of carbonyl reductase from
Thiocapsa roseopersicina STH001

Specific

E Purificati
Step NEYME b otein/mg activity/ Yield/% o oion
activity/U h fold
(Uomg )
Cell free extract 5018.75 128.44 39.1 100 1
NH,),SO.
(NH.):504 355938 55.76 543  69.61 1.4
fracitonation
Q-sepharose 480.28 1.01 475.5 9.76 12.2

Sephacryl S-200 38.73 0.065 595.8 0.67 15.2
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Table 2  Effect of illumination on asymmetric reduction of acetophenone by Thiocapsa roseopersicina STHO01*

Entry Biocatalyst

Coenzyme Light Enzyme activity/% Yield/% ee”/% Config. alcohol

1 Whole cell of Thiocapsa roseopersicina STHOO01
2 Whole cell of Thiocapsa roseopersicina STHOO1

Carbonyl reductase from Thiocapsa roseopersicina STHOO1

3 ((S)-carbonyl reductase+ (R)-carbonyl reductase)

4 Carbonyl reductase from Thiocapsa roseopersicina STHOO1
((S)-carbonyl reductase+ (R)-carbonyl reductase)

5 Carbonyl reductase from Thiocapsa roseopersicina STHO01
((S)-carbonyl reductase+ (R)-carbonyl reductase)

6 Carbonyl reductase from Thiocapsa roseopersicina STHOO1

((S)-carbonyl reductase+ (R)-carbonyl reductase)

— On — 89.6 99.8

— Off — 16.1 99.5
— On 0 20.2 99.6 S
NADH On 4.5 22.7 99.8 N
NADPH  On 100 54.1 99.8 N
NADPH  Off 74.6 52.7 99.9 R

“ Conditions for Entries 1~2: Substrate 17 mmol/L, electron and hydrogen donors (sodium thiosulfate (10 mmol/L) and sodium acetate (10 mmol/L)) was added to a
suspension of 20 g cells (wet weight) in potassium phosphate buffer solution (PBS, pH 7.0, 100 mmol/L). Conditions for Entries 3~6: Substrate 17 mmol/L and 13
mmol/L NADPH was added to a suspension of 5 mL carbonyl reductase from Thiocapsa roseopersicina STHO01 ((S)-carbonyl reductase+(R)-carbonyl reductase).
All reaction mixture was shaken at 140 r/min and 30 ‘C under continuous illumination with a fluorescent lamp (daylight type, 0~53.6 pmol photons m s '). A 5%
CO, gas (V/V, mixed with air), provided by a gas cylinder which was aerated from the photobioreactor bottom at rate of 0.1 V7 ¥ min ' (volume gas per volume broth
per minute). ® The enantiomeric excess (ee) values of the product alcohols were determined by chiral HPLC analysis unless indicated otherwise. ¢ The ee values were

measured by chiral GC analysis.
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Figure 6 Effect of temperature on yield of the carbonyl reductase from
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S-200HR 1 /=y 20 AH €8 1% A F 0 i A 3R R e B
Amersham Biosciences, Atk 22R 53 4y 5 7= 43 #r &l
414 EEZZHEE

GC-7900 A5 ARG Filg RER AU H R A
A]); MR RA (Bruker DKX300 %Y); %33t FTIR8400S
LA FE AT, %348 CP Chirasil-DEX F1HEAE(25
mX0.25 mm); UV-757CRT FYEEHN 66 FETH( RS
WANER) ), HAL CR22G f#i#v& #2500 Hl; Beckman
Optima L-100XP j #4250 41
42 KWHE
421 RFERAASmME MR

B iE AL 5 R 2 45 1000 mL A B, B T30
CTHRIR60 t/min), FEARM A TRFEOGIRAAT N IRARE
7% 5d Ja, MR OD680 1EH 4 1.0 Hf, 5000 r/min &L
20 min WCER BRI, FFH 10 mmol/L 1] Tris-HC1 pH
7.5 IR PR VL R A 3 &L
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422 KH) xR BARIAR 2 69 B AT

71 200 mL S OGN A R (RO
WLSCEE R F) N pH 7.0 (1) Tris-HCI 2235 #(50 mmol/
L) 100 mL Fl— 5 & (1) TMSBO, 43 #4844 B f AL 1)
AN BRI I S AR 3 ()-8 A 38 Jist g A (R)- 284 388 i
A A AL R A O RO R e AR &R, 7E 30 CHFE N
WER IS TR RE TR 24 h ROV E UG, B R NVIELL 4000
r/min &0, B EER, ARSI NHLCL R1EF, FEH
8 mL ZWEAIMIK, &IFAEDK, Jo/K MgSO, TG,
ok s 5 A 81 7 i 2,

1 GC-7900 B4 AR (A 1A 43 A7 2R A B0 7= iy, &
KIGE AN ES, GP CHIRASIL-DEX FHEFEQ2S mX
0.25 mm, ZHER), HRTHN 0.2 MPa, ZEFEZS RIS D25
HEEYI A 250 C. RAFERE P THE, A 150 CHEFE 1
min, 30 ‘C/min F+ % 180 C, 4i¥F 2 min, ' THEA,
HEREEN 0.3 pl. i D-7900 ffis Kk T4 HE4T Bk
REFR. ERMIEALZE U X=mpMs/(msMy), o My Fl
Ms 53 ARG = RE (1) 23T S R 1 53 7 5, ms AN
mp 53 HARER RN AT AR B S 0 T R = ) i R 7
PR ARG S AE e SN ee=(cs—cr)/(cstcg), HiH
cs Al g 7399k S RAF=HI R R BU =R I, R AhbRiZ:
X P=EAT AT
423 B 3T BRI IR BT R B4 5 B LAk

SRR R T A A R 4y 2 Al 3 i P R
AT 6 1% 248 AKTA FPLC, £ 2 mmol/L $i%: 2,
TR [ 158 PR 2 1 VWL (50 mmol/L, pH 7.0) k£ 71220,

ANPGRS FE R TTVE 4.2.0 R ETAI I
EDICER 32 g MR AR RTE T 192 mL % 2 mmol/L
Hidk L WEIERR 28 PP AR50 mmol/L, pH 7.0), FIH
750 WX 99 HE PSP AFAN MY 15 min( TAF 4 s, [HEL 7 s),
WM LA 10000 r/min 250> 25 min, W BB,

BRIRER ER T 20 B9 B 100 mL _EWSOIMAGR iRk iA
B S0%MIFNSE, 250 R 22 D00E J5 NG B B A v A g 3
15 70%, Ba0Fk B, YUEA 10 mL 50 mmol/L pH
7.0 TRIB IR 2% PR M 1.

Q-sepharose P& ¥ A8 #ZHT: LA 2.5 mL/min (i
_EARE, T4 1.0 mol/L 1) NaCl ({2 £h 22 i3k A TBf:
FEVEMG, 4 RSO DEBR, 0E 53 vE  AE HLIK.

Sephacryl S-200 P i S BE Bt I 2T KA
A5 I R P 2K K W s, L FF T Sephacryl
S-200HR #IHE, RER EFEER 3 mL, HHEH st
i, S 0.3 mL/min, WIS TR, Bidh . AR )E
T =20 CUKFITRAER .

SDS-PAGE ¥ &L H vk . 3 A I 196 1% rl0 ok i oA
15%, FrUEREA: 97.3 kDa, 66.2 kDa, 45.7 kDa, 31.2 kDa,
21.4 kDa, 14 kDa.
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424 RFAAASmE A BA 2Bk A AL
TR B E T WA

LL TMSBO K Jic#y, ik il e g s M F2 45 4
W 340 nm ARMRO'G AR A KA AR A R )3 ).
DSBS T DRRHESS AR g RO IBAARUN 1 mL, &4
1 mmol/L ) NADPH, 2.5 mmol/L [{] TMSBO. 50 uL [
Fig I FN 50 mmol/L W 2% i (pH {8 8), 30 “CI/K¥1H
& 2 min.

[Lra ik o= RNS WS

FiEE (U)=EW X VX 10%(6220X 1), Xh, EW X 1
min P 340 nm ZbWE R 12840 1V ok ROV I AAFR (mL);
6220 K BEIR I G R F(L/(molecm)); 1 Ky YGFERE S (cm).
Mg 35 o€ o A BRSNS, B B AL 1 pmol
NADPH [ Hg3E J3oh 1 ASEESE B4, 3G = 3G
(umol/min)/mE (mg).

Bt

JE K R A AR R RRE S i 9T I H (No.
HIKJ2011-38) % Bly. 4 S Bt Ll 7 k22 W Ak 24 0F 52 B
A AN TSI 5 (1 B R L
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