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Aerobic conversion of glycerol to 3-hydroxypropionaldehyde by
Klebsiella Pneumoniae
CHEN Hong-wen'*, HONG Qi-wen®, XU Jing*, FANG Bai-shan®, HU Zong-ding'
(1.College of Chemical Engineering, Tianjin Universily, Tianjin 300072, China;
2. Department of Bioengineering & Biotechnology, Hua Qiao University, Quanzhou 362011, China)

Abstract: When Klebsiella Pneumoniae DSM 2026 were grown aerobically on a rich glycerol medium and then suspended
in buffer supplemented semicarbazide and glycerol, aerobic conversion of glycerol to 3-hydroxypropionaldehyde (3-HPA) could
be carried out.Several factors that may inflluence 3-HPA accumulation and the stability of 3-HPA were studied . The 3-HPA ac-
cumulation is greatly affected by cell age, biomass, glycerol concentration, semicarbazide hydrochloride concentration, tempera-
ture as well as pH value . The optimal conditions are obtained as follows: 12 h of cell age,2.16 g/L of inoculum,30 g/L of glyc-
erol ,26 .8 g/L of semicarbazide hydrochloride, at 28°C and 7.2 of pH value . When the sirain grew in the medium under the op-
timal conditions for 27 h,15.48 g/L of 3-HPA could be produced at an overall yield of 0.60 g/g, representing a 75% conver-
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sion rate.In general,3-HPA is stable under cool temperature with a large range of 6 — 11 of pH value.
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R ENK, DR LR A RAE S
B, Kb 2 R B 58 BT s FoAt sl 2 1 | o [ B 2
S FE A A E . mE R HE L L 3K30, H
[H Sigma; HYG- || e &% = H B K, RIS B3
T4 A BR A B 5 VIS—7220 B 43566 B 11, 6 52 5
Fl 3 BT AR A A o
1.3 EHE

LB {73 (¢/L) JERE AN 10.0, BERRE 5.0,
NaCl 10.0,pH {E 7.0,

Fi 5% % 4 (g/L): H W 20.0, K,HPO, 3.4,
KH,PO, 1.3, ( NH, ),S0, 2.0, MgSO, - 7TH,0 0.2, B2 fk
B 1.0, CaCO; 2.0, FeSO, * 7TH,0 5.0 x 10°3, CaCl,
2.0x107 %, #EICK 2.0 mL/L,

MEITTE B A 2 (g/L): ZnCl, 0.07, MnCl, -
4H,0 0.1, H;BO; 0.06, CoCl, - 6H,0 0.2, CuCl, - 2H,0
0.02,NiCl, *6H,0 0.025, NayMoO, *2H,0 0.035,

REEEEFE L CTE 100 mmol/ L # BR £5 22 »h V& A
A TR 1 R 2 A TR RN e, R BT A9 10 mol/L
KOH 75 A [A i pH E .

1.4 BEFFHE

SO0mL FF¥EREE T 250 mL = F M, A
I mLZad itk R AT LB 8 5% 3 89 3 |, 37°C,
120 v/minfiE 5% IR R B 5% 24 h, B 2R F W K
SmlFh FW EHE AR 250 mL Ff 73 FF W
500 mL= 4, B &5 M T 120 v/min 37 CHR KBS
FrEE (AT, T BERT
8 000 r/min.1°C F B.0> 30 min, 25 b 3% % BB 14 £
Mo ¥ —ERBRAEITETESR 100 mL & BEH; 57 5
9 250 mL = F L, AR A S0 50 R U aE SR A R HE
PR AT KBRS
1.5 S#HA*E

3-HPA SRR LI . BRIEEAHET,3-
HPA JBi 7K A= 0P M B , 9 0 1 - 8 IR k) I 1 T
BCEGE Y, EEAY 560 nm A K Wolk g,
T 3-HPA & A 4, W IR B ARE M in v 5, R R
1 mol 3—-HPA i /KFE A 1| mol AMEEE, D, L-(OE R
2.05 g AL 4 NT mL MR 25 mL ERZE 1 LZE
K A BRI, ERKE,3 mLiE Y
FRERIFER S 6 mL WERER (1.5 mL B H K KX FIR
A1 ,40°C K BB IR 20 min, 560 nm /& OD {8,

Hl & = W R AT R B AR AN Ak
73&{9]0

Az WK B A M T R 0, T BB GREAT R

HI B (ODgyp e fH 2 0.05 ~ 0.50) , 76 HEA 1 105°C
MEEEE,FRE . DA T =X R E AR 2R .
T 2 B 1) A B BORE 620 nm I IR G AR, A AR
2R 554k A M T R E .

3-HPA B RIEHIHFE | g HWMH =AM
3-HPARY Ji &, BB E 4 0.8 g/, MET=F(H &
) R B % /0.8,

2 ZRMiTR

2.1 #FYEEX 3-HPA ZER M
5 mL BB A A 250 mL A3 FR A
500 mL =AM, A ASEMHT 120 t/min 37 CHE IR
3 B FE 12.24 .48 h, f—HE AT A 2 R6.45 o/L
(e TmE, TR, REERESAH H b
30 /L. Eh BR & R 26.8 g/L, pH fH 7.2, 28%C,
150 t/min FUFEPR FEEFE 24 h, LR R NE 1,7
I B3 B BB X 3- HPA & BE R W 5% K, 37 3% Aif [i)
912 h B, 3R89 3-HPA | & .
F1 MFYEMNENEEAFE3-HPA RiEHZM0
B F A HEf N /b

3-HPA RIS /g L7}

12 7.36
24 4.53
48 4.52

2.2 EMEX 3-HPA X BRI

BY B 12 h A T4 B4R 2.16.4.23 R
6.45 ¢/ LR B A R BESE R 36, HoAth 4% 1 1)
2.1, LR ERN K2 AR 2ITH BEHEN
2.16 ¢/L B, 3-HPAM & & M BB RE &, 23N
12.81 g/L.0.5 g/g. FHE #H M EHHY M, 3-HPA 1)
SRR TR, AR A H i 208K, 3
B BT R S T 0 M RN A K Y He i T B
B, 23 3-HPA By~ B A R MR, B %
2.16 ¢/L M EB B

R2 EMENEEEFEI-HPA HEBH BT

WA e/ 3-HPA ik A b BT bt 3-HPA 8%/
g L7! W /e L Wy sg-L7? gg!
2.16 12.81 4.37 0.50
4.23 7.42 4.14 0.27
6.45 7.36 4.93 0.29

2.3 ¥BHMREI 3-HPA X B8 =200
YR 12 h R E 2.16 /L, 3 HIEA SR
15.30.50 g/L H i A9 R BERE S B, AR &R TR |,
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FE BT HORE , I 22 & B T H v L 3-HPA YR I, & %
L Lk 3-HPA 1K B R H g ot , LI 45 R ILER 3. L
B2 )5, WG B U B 30 o/L R A6, 3-HPA
W RN R T R R At

#3 MBEHRENEEMATEI-HPA ZEHNFZN

HmA e 3-HPA Jii & T AT
— e g RSN BR
B s e Wi/ ¢
IS ] /h grg™l FEE/ % %
gL gL
15 24 9.82 0.65 100 81
30 27 15.48 0.60 87 75
50 36 11.93 0.46 48 58

2.4 HEBEERNESE3 3-HPA ZEBEHNZN
B9 5 12 h 2R 2.16 o/L, > WA SH

0~40.20 o/L FhER A B IR 1Y & We B Fx B, HiAth 2%
PR, SR NE 4, WK ARAES, BHRERE
A IR E IR, TOE AT T 0 R AR B AR S 3
—HPA, HFE BT 1,3- 0 R RALT L b R
FINREE S 3-HPA HIAMRR BR S N &, M4
PR A LR 1 T & Wk B 36 2 40.20 g/L BT, 3-HPA
R B AN AL BT B, 23 0 A R R U IR vk B
B FHMANE S, AR T 3-HPA MR E . KL
FE R AR W R 26.8 ¢/Lo

F4 BBEERSEXNETOFE 3-HPA & BRI M
AR T 3-HPA RVRIE MR/ [TW R/

W /g L7! Vel /gLt grg”! BHE/AN %
0 0 0 95 0
3.35 1.68 0.06 89 8
13.40 7.26 0.27 89 34
26.80 15.48 0.60 87 75
40.20 10.10 0.47 72 59
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J1, 33 NAD Y (B 1) 9 B2 BB, (o 154K 5t
NAD ™ ) vl it X B 7% 7 00 [, B O R R AL R
A REE AT BH 1k AR S TR A 13- R A L AR
fd 3-HPA T B EH,

2.5 #%& pH AR EX 3-HPA & B HY 5N

F 47355 12 h A2 2.16 o/L, K EEWK 2
SRR H BT B 43 26.8.30.0 o/L, TEA
[l pH E AR E & F 3%, WE 1 W E i, pHE
7.2 ,3-HPA [ ¥R R 4% A0 3835 B d5 iy, 1R Rt

PEIREE T ,3-HPA MR E ML Rk, MK 2 7
51 ,3-HPA 4 7= SR B 0 e 30 88Uk, 28 C o e i HL
E‘J“{J]%—EO

18 80
- 16 170
L4 3 |
M]z 60
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Wt RSB 3 3-HPA K BRI AL S F R
B 7755 12 b, A0 & 2.16 o/L, KB IR A
JiR H B B YR 4y 51 R 26.8.30.0 /L, pH 15 7.2,
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FEAP il H R AT BB T 3-HPA BYEE 1L, 1A 2
T UM A KT o IR AP RS R B G e B
AT 3-HPA W4r B2 . e 475 3 3-HPA Ry 5%
H Ny 75% R8I0 0.57g/(L-h)
2.7 3-HPABEEMEE

3-HPA HRIER, o S5 R E A EFRE
FLRE 53 %t BT 445 1 3-HPA R EEf T 40 4 %
22, REEW 8 000 r/min.1°C F & .L> 30 min, 15 2|0
4 il 3-HPA L35 W, 7E AR pH H AFRNRE &4 T
A7 48 h, LAWIUh 3-HPA ¥ JE R 5e v, S i 45 S 4n

K 4 frm .
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MWK 4 FAEH L, - 20.4.25C & 4T, A
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R 1K HPA #1520k HPA 3 FpJE X A2 4E (R HPA R%%) ,
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45 003 Ak 5 B 15 B B 3-HPA 7E 4°C T AT 477
e ANHE L,
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S T AT P £ A Eh R E AL IR AN v Y B R R
GRS R Ao b A R R WE, TS B RIAR A 3-
HPA W MIAM A ER . Lo 45 KR, Bl 74 55 B[]
B b LR SRR AN R B DA R B SRR W R
pH (B X} 3-HPA FYFL R Z AR K. it X & BE4c 1
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