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N T 275 Klebsiella pneumoniae Xt #p ¥l & B i
T v I 7 ) R T W ) T 52 L AR T 5 e WA
PRI 18 DR e T 26 U, 283 50 AR AL st 0 4 Ak
BRJE 4°C pK AR DRGENE 0 e B R 2k . R A 4
HEd: R *F KLebsiella pneumoniae B ERIE T , LA T AL 3
U e AR R T 2 RURH O e B AR L R 1,3-1N
TR AR R R R AR

1 AR %

L1 ##
L1 B Pk kW bR 0 Bl R 5w R R T

( KLebsiella pneumoniae ATCC 25955) Wi T 75 &7t L.
R B AR A L 308

L1.2 2GR AR H 3R 2k . (1) LB AR B %
B EAME 10 o/L, B EE 5 ¢/L,NaCl 10 ¢/L, (2)
ea AR IR 5L B R 10 /L, A 0 10 ¢/L, %
HES5 ¢/L,NaCl 5 /L, 4 HWE 5 ¢/L,2.2% g,
pH7.0, (3) ik [ 7 (RCM )« BEBHIT1.5 g/,
MgCl, 4. 273 o/L, HoAx[al 56 4 B R85 F k. (4)
TRFRIE (ML) W BEH 3 o/L, Z M3 o/L,EEH
55 ¢/L,NaCl 5 g/L,pH 7.0, (5) &k B¢ £ 3%
(M2): B BF75 5 /L, K,HPO, - 3H,0 10 ¢/L,
KH,PO, 2 ¢/L.,NH,Cl 1 g/L.,NaCl 0.5 g/, MgSO, -

5 mg/L, VitaminB,, 5 mg/L, H il 40 ¢/L,pH7.0, ix
FITEW: (1) @B % wh R (SMM) :0. 5 mol/L JE#E,
0. 02 mol/L MgCl,,0. 02 mol/L JIii T 4 —F& pH 7.0,
K& o (2) % W (Lysozyme) -l [ Sigma 24
wl (AT pH S 8.0 (1) SMM RI) 2 ¥ fift 1% 7 g
BL] 10 mg/mL A IEAF R, b B B T, {6 1 I 7
113 Brge 07k O % 3 i T bk 42 b 31 3 45100 mIL
75 FR B 1 250 mL B AR, B 5% 10 h AR F
W R AR 2% F PR 100 mL & e B R Ak 1Y)
250 mL FEAR AN B FR 30 ho BEFRAAF R, 3TC L B
140 r/min, UK 52 50 AR K I S 56 0 i)
163 LR T L & BERE b 4T, 2% 30k
L2 Y. RMAEEESNT

S B H 1, 3-8 i FLIRR 45 ] HPLC
o G4 F 8 : Bio-Rad HPX-87H 4, # i 65°C ,
W osh A A& 0.005 mol/L H,S0,, Wi # H
0. 800 mL/min ; £ £8 & Shodex RI-101 B3R 22
R o 2B W G SR Y LG B TR AR T B
F 590 nm L HEATINE , FE MBS %S0,
1.3 fRiZEFENHF

W A 58 A5 R A AR A U K TR R R AT I A0 A
R, LA 1, 3-8 s PR R HH IS PR AR O 4D
WA 28 i, A5 1k A RE T W2 R M.l i B 0
(8000 x g, 4°C, 10 min) 2% B W 1K, 8 )5 & i
0.22 pm gL PEBR A , T 4°C KA ORI . 26—

7H,0 0.1 g/L, FeCl, - 6H,0 30 mg/L, CoCl, - 6H,0 & B BRAMEHR BELC SR AP 2R 1.
1 IBEABLIBEHNEERS"
Table 1 ~ Main components of the ended fed-batch fermentation broth® (EFB)
Main 1,3-PD 2,3-BD Suc Ace Eth Lac GLyceroLL Initial ORP Final ORP
components (g/L) (g/L) (g/L) (g/L) (g/L) (g/L) (g/L) (mv) (mv)
Content 60. 78 4.10 5.81 9.76 9.24 31.12 9. 60 325 32

AGC, accumulative glycerol consumed; PD, 1,3-propanediol; BD, 2,3-butanediol; Suc, succinic acid; Ace, acetic acid; Eth, ethanol; Lac, lactic

acid. ORP, oxidoreduction potential.
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ATCC 25955) 1EJEA, W5 28 i 1% 52 1y B AL
VB, HAR Tyt WL SCHR [ 14 ], i 48 J5 A B 4K (K-
ME308) . JgiA: B il & b 72 (a) WA 4 i Ak 28
BtRZ LB WA SR R 054k 6 h J5 | ¥ 2% 1) 2 Fib
AWK LB 1355 ,37°C , 140 o/min, ¥5 3% 10
- 12 h, BUEF 3R 5 00 B8 35 Y B B (40 107 -
10° 4~/mL) F 5438 x g,4°C , % .0 10 min, WA

M S mL SMM ¥ % 85 0 2 R, 5 B A 1R
FE7E 5 mL SMM % B B W . (b)) JE Az o 44 i 45 -
Bl mL g AW, % (1) W % TR B A T
W (2 mg/mL) IR 5] J5 7K I 08 IR Bl A B BE — o B
(B] , &5 B8~ /N B B A o R T A S %) 40 T AR R 28 i
T 5 fCFLUE i I8 (0. 22 um A1 0.45 pm), T
765 x g,4°C £ F 8.0 10 min, Y 4 40 3, SMM
VeV B L 2 IR,

W TR) 5 A ok 5 A D A 0T AR W A Sk A A Y 2 3
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G350 KRG, — B4 AE 60°C KR 2 h, ) — 43
TEEANT B 30 min, WCHE KIE J5 19 R AR 1A
A 35% [ PEG6000 (% 0.01 mol/L CaCl,)
5 mL, 76 37°C il G 6 min, K@l A 0 JR A 54K 76
5438 x g, 4°C B.0> 10 min, F§ SMM 2k 2 %, %
2 PEG, 78 10 mL $245 th k3% B 1%, | SMM #
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J 3R, 5 52T AN TR] R AR 8 43 5 AR A 2l R Y D AR
FEAAR AT AT M . AR TR AR R R AR AR RN, B BT
FLAZEHR0.22 pum F10.45 pum RYUERE. 25 R E 1,4
it A S B B R VR £ 0. 22 um (0. 45 wm JE S, FEAE
R0 4/mL,2.1 x10” 4~/mL, 4l B (& B %) 45
SR 0 F199. 9% , JoATfa] b B AR AT 1 144 T 7 Bk
6.3 x 10" A4~/mL, {0 J5 A TR 4l JEAL R 73% o %7
P AT R D 3 R R Al R ) R AR R AR A R
R R R Y/ T R AR N 7 2 O AR ) TR
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Table 2 Effect of different standards millipore on in filtering the original strain during the enzymolysis process

. Cells/mL before protoplast Viable cells/mL after
Pore diameter

generation (Z)

protoplast generation( X)

Viable cells/mL after lysis of Protoplast formation

protoplasts (Y) frequency ( X-Y/X) (%)

None 1.1 x10° 8.6 x 10’
0.22 pm 1.1x10° 0
0.45 pm 1.1 x10° 2.1 x10

2.3 %10’ 73%
0 0
1.9 x10* 99.9%

The enzymolysis process performed by lysozyme (2 mg/mL) , and the detailed requirement was: 37°C ,100 rpm,1 h.
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et WA FEH)G , B 5T 1920 FRAEF b
PR35 2 R 5 T s A R K T K R 96 L AR B Y
AR (W 3). Hd, ]G T 10 kALY R
(ODgy) L 1.5 DL AR5 0, A 1910 flA
B W) (0D, ) 29 0. 783, 73 Bl AHEE K B #k A=
YEEE T 180. 1% M1 46.7% . 1,3-TN B E¥)&
B AR B T A A IR Y, A Wy e 2 B R T e
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AR 1208 95 P 5E T PR35 PR 2R K975 28 T, A B
W b T AT LA SR AT B A R B A A
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K 96 FLIR EHIEESR (1557 40 h)
The cell growth of parent strains and mutant cultured

in 96 deep-well containing EFB* (cultured for 40 h)

Average Biomass (0D, )

Table 3

Strains

Parent strain ( come from the third round) 0. 534
Top 10 mutants with high cell growth 1.574
The rest 1910 mutants 0.783
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Fig. 1 ~ Comparison of 1,3-PD production by selected 10 mutants
(ODsyy > 1.5) in shake flask®. "ME, Kellbsiella pneumoniae-

308ME; O, The average special production of selected 10 mutants;
L1 -L10, LSGI - LSG10.
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PRBASTE 1,3-0 - F- 27 5 ik 5 106. 82% , R 3
BRIBAS A 1,3-8 R = I T i R Wbk, KR &
THERMKY ™ &, RS LR (LSGL,
1SG2, 18G4, 18G5, 1.SG6)1,3-T§ — [ = & 43 1l K
106% ,119% ,113% ,124% ,118% .
2.3 BEEMKHMARBIRRBEREEER
FE 3 Tk T W v AT HE R R LS MRAE R 5 AR
R AR B (CDW) L 1, 3-P9 st A = vk B, 1 ol 4%
BT, 3-8 R (0 7 R BOOR AR B R (R
4) ., ESE LSG1, 1SG2, 18G4, 18G5, 1.SG6 1y 1,
x4 THIEBIM S BRIF?

SN EEAE W E R EAR SN S T 17.0%,
19.0% ,12.9% ,23.9% 1 18. 0% ; H i %) 1,3-7§ —
WL EEAL R TS T 17.7% ,20.0% ,13.3% ,24.4%
FULT. 7% 51, 3-P9 ZFs 7 28 45 i 3¢ 1 % TR AR 44 55

16.4% ,18.0% ,11.5% ,23.0% F1 16.4% . %} &
5 FRIAA M R ETE M T B (RS, &t T
RS 335, B2 | LSG1, LSG2, LSG4,

LSG5, 1LSG6 Wy fa @t Mk ® T 97.5% ,
96.3% ,99.2% ,98.9% f198.2% .

TEMFERBERT 3 FHEEH R AR (5520 h)

Table 4 Comparison of 3-Liter batch fermentation results obtained from five isolated strains and the parent strains (cultured for 20 h)

K. pneumoniaestrain ~ CDW/(g/L) 1,3-PD Concentration/ (g/L) 1,3-PD conversion/ ( mol/mol) 1,3-PDProductivity/ (g/L/h)
ME-303 1.56 12. 10 0.45 0.61
LSG1 2. 15 14. 16 0.53 0.71
LSG2 2.49 14. 40 0.54 0.72
LSG4 2.16 13. 67 0.51 0. 68
LSG5 2.00 15. 00 0.56 0.75
LSG6 1.83 14.28 0.53 0.71

®5 EAREREHENREM
Table 5 The comparative stability of mutants after subculturing
LSG1 LSG2 LSG4 LSG5 LSG6
97.5% 96.3% 99.2% 98.9% 98.2%

Strains

Special production

Special production means comparison of 1, 3-propanediol production by

mutants with subculture and the parent strain.
2.4 —HKEAHEENIBREIE

Xt i 16 2 1 B2 AL UK IR0 5 1 — bR
LSGS HEAT AN BL & e, LA W) 4R B 21 7 K-308ME =5

FXFR, 25 Rk 6 Fros, EAL W LSG5 /Y 1,3-4
TR R AR B R 1,378 R A R B I
BEAL 77 R 4y 91 3k #) 78.21g/L.,0. 63 mol/mol
1.63 g/L/h, B B 4 B #k (K-308ME ) 43 5l 42 & 1
28.7% ,21.2% F128.3% . #hE & B, LSG5 X %b
b T ol B O L A7 M, N B R R (CDW) MUEAR
(5 2.71 ¢/L #2555 4.01 g/L.

£ 6 K. pneumoniae ME-303 #1 LSG5 Hy#h ¥l & B2 &= 4"

Table 6 Final metabolites concentrations in K. pneumoniae ME-303 and LSG5 fed-cultures *

Stain Products concentration/ (g/L) 1,3-PD productivity/ 1, 3-PD conversion/ CDW/
1,3-PD Suc Lac ace eth g/L/h mol/mol g/L

K-308ME 60. 78 5.78 30. 12 10. 31 10. 17 1.27 0.52 2.71

LSGS 78.21 6.7 14. 13 15.21 7.21 1.63 0. 63 4.01

*Cultured for 48 h
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Screening and breeding high 1, 3-propanediol producing
strains by genome shuffling

1 ) 2 1 . 1
Shengguo Lu , Shuang Li", Fang Luo”, Yangyang Zhu , Jun Xion
&g ) & ) g ) gyang ) g >
. . 1
Qingxiong Meng
'"Faculty of Life science and technology, Kunming university of science and technology, Kunming 650216, China

*National bio-chemical engineering technique research center, Nanjing university of technology, Nanjing 211816, China

Abstract: [ Objective ] To improve the tolerance of main metabolites, we used genome shuffling to achieve high 1,3-
propanediol producing mutants. [ Methods | Based on 96 deep-well palates containing prepared ended fed-batch broth as
an efficient selection method, genome shuffling has been applied in strain improvement. [ Results] Five high producers
were obtained after genome shuffling (LSG1, LSG2, LSG4, LSG5 and 1.SG6). During batch fermentation (3 L), the 1,
3-propanediol production of the five mutants were improved 17. 0% ,19. 0% ,12. 9% ,23.9% and18.0% , compared with
the parent strain; the conservations from glycerol were improved 17.7% ,20.0% , 13.3% , 24.4% and 17.7% .
[ Conclusion ] Genome shuffling was an efficient approach for strain improvement, and 96 deep-well palates containing
fed-batch broth has been demonstrated as an efficient selection approach.

Keywords: 1,3-propanediol, Klebsiella pneumoniae, genome shuffling
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