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(L RERHE RS THMRRE, K 300457; 2. WNMELEARIOII G, 1% 2565005 3. 7 & hE &4
REAWRAT, 75 266114; 4. MLEKHEY TSR, T8 214122)

i E: AHARBRATER BRAERL, &, EARTVHENA) ZEMN. A TEKR LG EZRAK, #
B R A AR, FISR AT EEAHGAEREN, EIFENER G AE SRR, ATER
fik XL 209k (near infrared, NIR) A& SRR, FRATHEGERFAZREMN R %. ARBATA LS 1,5-%=fAHH,
HE T REBEAAATERRE. Hb. AR, 15K R MLIEFRMER RELRETHEKE., i, #
ABR . R ZIEAGARAY R? 34 /2 0.960 AL, ABXMEST, FHATT AHEIIE, R AR ML HFLSRMER,
EMAZBo 1Y, MARNIEIREKZATHT 354 (22.96/6.56) . @i KA, HFLasbE& B
RER —JeEGEF IR, RLTEEHNMNER LW ITE, AELEN kS ER RS, 2GR
E I A, BB A S HE

KEIR: ITAAMEL S MTEAR REIREEG]: WD 15- R e 8

FESHEE: Q815 kRS A

Precise Preparation System of 1,5-Diaminopentane was Established Based

on Near Infrared Online Analysis Technology

LI Danning', MA Cuihua?, CHEN Hao®, ZHOU Li*, TIAN Kangming*
(1. College of Chemical Engineering and Materials, Tianjin University of Science and Technology, Tianjin 300457, China;
2. Boxing County Comprehensive Inspection and Testing Center, Boxing 256500, China;
3. Qingdao Hi-Energy and Co-Integrity Biotechnology, Qingdao 266114, Ching;
4. School of Biological Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: Biobased polyamide precursorl,5-diaminopentane is widely used in agriculture, food, medicine and industry. In
order to reduce the production cost of 1,5-diaminopentane, and improve the production efficiency of 1,5-diaminopentane,
realize online monitoring of important parameters in the fermentation process of 1,5-diaminopentane, and establish a
production system for accurate preparation of 1,5-diaminopentane, this study developed an accurate real-time online
monitoring system based on non-contact near infrared (NIR) online analysis technology. Taking the production of
1,5-diaminopentane by E. coli as an example, a near-infrared spectroscopy prediction model for bacterial concentration,
glycerol, lysine and 1,5-diaminopentane during fermentation was established. The final results showed that the R? of the four
indexes of bacterial weight, glycerol, lysine and 1,5-diaminopentane were all above 0.960, indicating a good correlation, and
the accuracy was verified. The results showed that the predicted trend of the model was consistent with the measured results,
and the conversion rate of lysine after optimization was 3.5 times higher than that before optimization (22.96/6.56). Through
fermentation verification, near infrared online monitoring was applied in the continuous production process of

1,5-diaminopentane, and the process of continuous conversion to prepare 1,5-diaminopentane was established, which is
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TEZ BN : 2F7(2000—), o, ZHEubMA, LR 4L ; BIEES: HEY, AR, jinanktm@163.com
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expected to significantly increase the number of cycles of continuous conversion, better reduce the cost of production of

1,5-diaminopentane, and increase the production efficiency.

Key words: near infrared online analysis technology; fermentation process control; bacterial settlement; 1,5-diaminopentane

production; continuous transformation

1,5- /% — % (1,5-diaminopentane ), X 4 ik
(cadaverine). fEAMPM, £ 521 & 245 B0 L 4%
WA N, JUHAE TR, AL 2 Rl
TCERTR T A il 45 M BE A KL A AE M 3 SR Bk PASX, 1
PA5441, PABBEL, PAS10Y, Tk A 2 H g b4 Rt
I R T AR AR, S % AT KA T
WA=y BB, BUTE R R AR P2 I AR &
AT AR RN A A R AR BRI R
T 15 AR P & 0 . A SR A R 1,5-
%, S R B TR SO AR P n A S BRI AT
(C. glutamicum) FIKJIZFFE (E. coli). F& T %
TN AR T REEERRIR AN, 127 IR T LR H
. HBE IR . DUH OO ME— B, M m A
SRR IRFT B cgl-FDK AR #F B BL-ABST-Spy
HER I AR, T E B A T G, P
FrEIAF] 9.3 g/LP, AdufufEib R TE Ll L RN
JEA, I FH 2R 0 IR A T 1) T R 4 B e A 2
1,5-7% — M, Kim 251U E. coli MG1655 H o %45
SR B R AR CadA, JFHEE T CadA it #ik
WAk, B RAMLERELE RN T ZESH,
RIS EE (PLP) 1E BN i 0% B
SEMEFCM . DA 2 M o Tk e AR, M E. coli
W3110 &4 2 i 52 A £, FRidE i 54k CadA
RILRGEAER IW, REL 8.
A PEBR 43 A ) 221 /L. 86%1 55.30 g/ (L h)H1A,
Gao ZF ISR H M B TR TR i 3R A5 — B pH A
) EcCadAV12C/D41C 5744k, FK LM AT M3 B
PRH, 2B HEANVE R AR B AL T, R
Ak 418 g/l R i . A A iR AT AR K
B BORIP= S AR = 0 BT R, Ik AT AR 855 7R R R B
FKABAT RGN, AR,
HAT R A SZ B BB, B TR ER
FIFH, AgH M A0 o5 S PR IRT B, 38R S T AR Gufit
AR Joy PR A28

TR R — A B & LR AR 1 A2,
LRI RS, RETELR IR 52
BAHRE. pH. &1 A%, HEXNTRET
FRIREE B, H B RS E (R E A
FEVIRIED K Z ORI G AT, X R Ty

AL B 5 1, 0 G B 2 B B AT kg el
A1 R R AT, Gl SR R A S R, ATRAR
ETA R AARRES, PR EWEE . w7 A
FEE S RSN ik, AV kEBEERERTES
BORG R FE AR AL R BE R0, B AR R AR R e
VFZWEE . A5 A4 BE S HOW A 20 & RSN T RE
W LLAMRE S BT B ARAE N — P e it 1 o i, R
BT o o0 1 20 A RS RE M o 404N Cnear
infrared, NIR) J&/r TR WLt C(visible light) FIH141
A% Cmid infrared) 2 8]/ RS , R Y el 3 78
780~2526 nm Z [A]. 4T 4L ARG BIRE S B, RS
TR E B IR L0 Ak, XGRS
Rtk S, I C—H. O—H. N—H %%, fEiTZ4h
PEH N2 RAEIRS AL Be BRI . A A HI1k
B A A FEMIRNANE, I 2 WA B A
SRAW | N 1) aata = MR S (I e AP URAR AN ) G,y A
T LT AMEZR I AT AR S — PPy . FEZR. LRI
R, AFEEEIRNFEREI&. Bk, ©a) ZMA
T, BEHEEMEEsiPd, Chen®IZ:5E T
it/ 3R [ (PLS) 38 XARAIE 7%, K H
VT LLAME LR S BTG ST 1 FLIR - A Il T AR e 7 B TR
B R B RE TR AL, E SR T UE A Ah ] LS BAS
[F] R BEAR 22 1202 S50 SE I AR S kil

SAMPAELIE A R 1,5- % I REAN T R N
2 2 P ) % T 2 IR IR B A, SR R B AT
AE, R — M RS, . pH. ¥
SASE T IE A S AR AT R R, AR PR IR
S DL R I 5 e 4t ) S B 4 b U 75 B E i i AL
HMEL AT BRI, 3 ST B I FR ) Be Ak
R . KB AT GLKO9 3 i fiH B4 i 22 Bl AH ¢
FEDR RN B AR AR DG BE IR, A AR A TE I )
B ARTT DUR A B ULRE, NG SEIE SRR 1,5-18 %
eI At iRt T @5, HZ gk fEy g,
% AT R R B K. AR AT AT A g
AR, W 1,5- RS R R R H .
B IR R B AT REAEMTEZR A AT A Y,
AR AT LA RIEG IR, $ A5 2 (%) 00 o 1
FFRE M, SCHUN 1,518 e i B R (W 5L L RS
e ESE T
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PP, S5 FTAELITA AN HTHORE 1,5- 15 — IR v ] %44 * 3

1 MR5RE

1.1 H#k

KIGAT i CE. coli)GLKO9 Jy A 5z = {5 14 k.,
LB RS SRR B R R, T — Pk
% 1,5-I% .

1.2 HFIS5EHE

FERESEEY) . AR E Oxoid AH]; B =i,
JERIVEM R AR A F] s WAL 38 o b
af, EAEIEAFARAF.

LB 55735024 0.5% M BHERY) . 1% 8 1 H
1% NaCl, [FEMAREFRIET NN 0.24%35fEH;, 121 °C
K 20 min.

R IC R BRI (g/L):  FeSO47H,0 10,
CaCl, 2H,0 2, ZnSO4; 7H,0 2.20, CuSO45H,0 1,
MnSO; H,O 0.50 , (NH4)6M07024 4H,0 0.10 ,
Na,B4O7 10H,0 0.02, 115 OCDZ 20 min %’)EH o

R/2 353735, (NH4)HPO, 2 g/L, F7HE: 0.85
g/L, KH2PO, 6.75 g/L, (NH4)2SO4 3 g/L, #FhHTN
A 0.07% MgSO4 ¥ (B 140 g/L) Hilt (50 mL
RPN INEA 1%; 5 L KEEHRERA 30 L R T&EA N
H 4 3%) 1 0.1%7 & 7T R B 115 °C’KE - 20 min.

FrAE BR 2 MR - S A4 16.80 /L, A7 A5 R 42.40
g/L, FF 5 mol/L 5 pH=1.30.

10%E =FR¥E W : Ei=f 10 g/L, —/K&Efb4
13.40 g/L, FPIERZEM 125 mL/L, £ —FE FfiF 375
mL/L, ZEif MR
1.3 1X=F

ZXSD-B1160 B Ak ii 7548, Filg IR AT A%
HliE AR A R, CLD-20X BUMEIRIEER, TLIRHE 2
R A R AT TG-16 BB 0HL, IR R E O
HLA PR ) ; WMC-9005A 4 5 L A4 s 3 2 A1 30 L
VRN, B AREEM TREARAR; T2 2
RO, RERRISOA R AR 1260 Y
RRCHAR A, R RHE AR AR DA-5GITG
PRUE R T SLAME S AT, B o A ds (R
HBIRAF] .

1.4 LIWFHE
141 #F3EHK

BRI T--70 CCHIH M, HMiRA T LB “FAR,
37 °CH;F% 24 h. FREVEHEFNT LB WRRE 772,
PRAE 37 °CEAE T I 8597 (200 r/min) 15~17 h, KH
LB ki %4k, 250 mL —ffi 34 50 mL. A=
(1 600 nm AbW S E Asoo )ik £ 3.0~3.5 i, 8000
r/min 25.0> 5 min, WEE H AR H RI2 Bi = R BB B 1k .

R/2 £577 3 7E 250 mL = M+ 2EW =N 50 mL,
IRTE 37 °CHAF T I A 1577 (200 r/min) 15~17 h, H:fh
EIEHIHIUE Asoo A 0.05.

14  (Asoo)is Ell 4.5~5.5 I}, BEAh & 5 L K.
RI2FEFRHEAE B L R s I i 34 & 3 L, 37 °C
ZAF N PSR TR 9~11 h, BeRP 215 HI V4G Asco N 0.3,
142 30L AE#ETYE

5 L & PEGHE R 4 B (Asoo) 1S 2] 18~20 I, FEfh =
30 L KIE#GE. RI2 557R3EAE 30 L MV.A8H 1R ahR 2%
WA 20 L, HEM G4 Aso N 0.5, 37 °Co&AF
TUFEAREFE 9~11 h 2 )5, 7 B AR (Asoo) 1B £ 13~15
I, FHEZ 40 °C, #5377 4 h, AR IR
ERHENEAL I B
143 #HZ#HNALITZ

AR JG CHBERR &8N 0.6 g/L LTS
HALSERD, WARBTTE, B EEN T — Rk
B (TZRAEEWE 1R,

E1 EERLRER

Fig. 1 Flowchart of continuous transformation
15 MEFHE
151 HhZagme

R RE T RERE S, HEE KM
HiEfEE. DKATE, W5E Aso. Aso=1.0 12T
0.38 g/L 4 T i & -
152 +Hhmagn e

JEI v OB € 1l v 20000 5 e W AR H i
. KM 12000 r/min .05 min J5, B EIEAS
mmol/L HoSO4 FRALALFE f5, PR L EIE, 1:1
AN 10% =R L5, TE 4°CUKFEHIITE 4 h, B0
JE s IS 0.22 pm A ALGALIER L 38, T &%k
AR S AT

i F: Aminex®HPX-87H M a4, 300
mm>7.8 mm (catalog#1250140, BIORAD), i
65 °C, ¥izh#N 0.05 mmol/L H,SOs, Ji= 0.6
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mL/min, K28 T 3 2R A #s RID, HEFEE 10 uL.
153 #H BN E

FH B = 72000 5 A et 2w st U R 11 2 = 7.
KM 12000 r/min 250 5 min J5, MG 4655
1 mL B30 B e 2 B e b (O o) Rl
Hoin 1 mbL 7K ZERE I 1 mL 10%e = BiiE
AL, @ EFET KIS 10 min JENEKE,
HIJFMA 8 mL #2E/KEMF 10 mL kR, 7E44 475
nm NSO RE . WO FEUE RN bR th 2k 1T A
AR S &
154 =Rty

FH 5 R B v 5 e I A e e
M, KBS 12000 r/min B0 5 min, B ERGE
ITHERTATAAL AL B . ATAEAGIR R D: 300 pL BER #h
220 (pH 9.0, 50 mmol/L), 100 pl FIEE, 47 L
MzEK, 3 L LA FEH X R — . (DEEMMD,
50 Pl FES, 70 °CI 2 h, FH 0.22 pm HHLFR it
VB G FH T OB € A

it 26 4. Diamonsil C18 (2) & ¥ (250
mm>4.6 mm X5 um), iR 35 °C, FBIHN 75% 2
EVT, TR 0.7 mL/min, AN B AT S 2R I 28
UVD, kK 254 nm, #EFEE 10 uL.
155 #HFFadiiig R ey 2

1,5- 1 G e A28 DA KO SRR R A A 28, 1
HARm (D M (2) Fios.

&zg&m% (D

A RONEAE, %; a v 1,5- K & ERE, g/L;
b A AR &, g/l

v=(d—c)/t (2)

X v o REALER, o/(Lh); d LS R
&, g/l ¢ NG AR S &, glL; t
NEEALITK, h.
1.5.6 LM FR T

PR DT 3R I 7 k28 S Ah s il G R &%
#N0.60 g/L LR 25, B FAREMALE 50 mL &
O NN 40 mL B, 76 4°CUKF N E, WEE
ptketE oL, Bl EANE AR, #%EA (3 iHE
PR TR 2

c1=u>4_00% (3)
V

1

KA e NUTREER, %; Vi ADTRERT AR AL, mL;

ARHRLEE R

Vo MR JE N Z AR, mL.
1.6 IELIINEL S
161 MNEZRKHHENRE

I 2T AN AR I FRAE 28 53 B A A 42 Aok R 2%
ZAAE 30 L AW I BN ARI T 20~30 em 4k, Rl &5 5
RIEHEE AT (B 2). RETLOAMNEE, EEAE
P8 R B AR R T, il SRAE LI L0 A
o FAEBAT OO RAETT, FAES LTI 2 h DL L.
HRERESAE: A PEE 3.125 nm, HFHEEL 300, H
i 96 FEl 950~1650 nm, iR JE 25 °C, AHX I
50%~60%. %M LR 5&AF, XA (A B G g kAT
K. MEREESRES, DGR I 2040 78 i
TEM BRI, BRI R BRI, 20 2 O sl AT 5
W FOFTOBGR B (1) 61, 35 5 R I 4T A i s
B A s> R TME B o

B2 JEOMNELENRE

Fig. 2 Schematic diagram of near infrared online detection
1.6.2 LM & Gdh R

ZAT AN I R 48 2 B AR A . TR
¥AF (The Unscrambler X %1% %4 31 ) R 46 1
BEATRG . AR L@ s AL B S, B AT
B E e 5 5 A GEE B RSN RIS R, FER
RN ) FIHCE T = . Horb, REGEH
Jei X I HCA 950~1650 nm, [ 22 F4% T /KIS HIT
PP KU (1350~1410 nm), I ELX 5 H FE AL AT
THIERAEEE . BT FUSC B OGRS 5 4 RAFAE T
INE S ZERERTEL L.
1.6.3 RiE&KAELEE 9T

FER B AR, S WA R IR B 4% B ) 3
ARIN A ER I S EIve'S eIk DL & =P AN
HMEEAT AL P, i) KM f /) — ik (PLS) Xt
VT LT AME AT Ao AT A0 FE 0290
1.6.4 Lzrshif i
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P, G FETELIT AN I HTROR Y 1,6- 10— s i 25 1A & *5¢

N PR 2% A AR A 6 e i I Y T, SR A
KRG, bRAEIESAE (SNV). Bk st
VG RAEIEAT AR EE,  DASE Sk DR R A m] S 230,

B IR 1 BE S\ The Unscrambler X %4
W, RS BEAT R S ARHEIESAEE (SNV),
ZHEHBPIAEE GEBFERAE T ROETD, FRERE PLS
XF A B P PRI 21 A0V B 3 AT S Y A R AR A B T
DN, RS TR TN 1) A AR S R K L 1 2 SR S A
R TR

AR 2 J5, VPN ZLAME X R T 2
Z: 300 T T RE SR T AR R 35 O AR iR 22
(RMSEP, HIfF'5 Ervser &v) FIAHKREL (R
BT, HEARWR @, R B Fir.

1 -
ERMSEP = \/Hzi_l(yi - Y1)2 Y
2 Zinzl(yi B S\/1)2

R?=1-=1 = (5)
Zi:l( Yi— ym)

He yi AR IS HEE, ¥ R T TINIE,

Ym AAF T R RE A48 - SR FH RMSEP PPN FililNME &5

SEENMZE, R® RonMNME S S5 H A M.

RMSEP /N, RZEEFEIT 1, Vi W 2T MR (14

ﬁ%[%]o

2 ZEREHH

2.1 BEMRRVITURESF M

WU SE R 3 Fon, WREFE S5h ),
AR EIE A 2oy WY, AR BT R
WK DT R PRI e 25 R B 4 BoR, BARTERRE 2 h
JE VTR 72%, '8 5h JFUIFRN 81%, UESLi%
R AE 240 56 B2 i B A4 T DL 58 TR

3 EHRIRELER

Fig. 3 Results of strain sedimentation

B4 EHRTIREFENELSR
Fig. 4 Measurement results of bacterial sedimentation
characteristics

22 1RBEVGENT
221 AEMAILL

N T IGSRICIE AL, 7R N SR R 6 T HEAT AL
BT, B 5 NS =458
DL EAEERFDGIE . SRS SNV, ZEHETLIHERS
IR R LR, 5 (b) — (d) fos.

E: a NFEIOLHE; b AAIR B o AR E. bRk
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WALER S DGR d A RS Aeifh, BRI 5 1.
B 5 RIMEALIE
Fig. 5 Near infrared spectrum processing

222 BAFIHR

BT 2 J5, 18 PLS iEXIELLAME AT
B, 4RWE 6 frn. ETE 6 L asMER sy
Br, SOREIRPAEA GO B3 BRER R?
4 0.99, HilA R? y 0.98, #fiz i R? 2y 0.97,
1,5- % g5 R? 4y 0.96. 7! R2#47E 0.96 LA L,
B 1, HBUI R BB LM, RUNTLIMS
RO RS R AR R Hh . e R & 1,5-1
g BA S & L S AT ST GE /o, WA ROH AR
B H PRIE 73 B 5 o

M a NEME (ODeo) MIREAY: b A HMAEAL: ¢ Syl iR 1
e od 2 15k RN,

El6 KRR IZh X IERAIAIMREREST
Fig. 6 Establishment of near infrared model of key indexes

of preparation of 1,5-diaminopentane

ARHRLEE R

2.2.3 T Fo 5 M 3 Pl £

W PO ARFY S N, 300 5 AN Ti) 110 557 4D 85
SR, TS B S S a5 R B v i 7
ffizm. B 7 7750, Hil. ODeoon HHZERAN 1,5-1%,
T REAT AN IR BF TRTT s 0 S A S TN A AR AR, IX 4
A FEAR I TNAE 5 S B A . Bk mT L,
O T ASE TR f A e aok R P SR A L 2% A AT
73, TIN5 T — B RE TR T S, W]
T A 7 A SR AR I AT S T . e 24 A
S PR 2T A/ PO ASE TR S0 T I o A5 2 ) e B AT 82
GFRTRONRE R, fER AL [R] 5.33 h 4, 98.85 g/L 1
MR R E S T 56.08 g/L 1 1,5-7% i, AL
N 56.73%, FALI#EZA 18.55 g/(L-h).
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W a NEAE (ODeo); byt ¢ NBiEER: dJy15- %%,
El7 FUMERMENERISEE
Fig. 7 Comparison between predicted results and

measured results.

FE 7 (o RERS L, PASIEINTE 45 (ODgoo) HiMl

B BR . 1,5- % & BN AR, DL A =
(ODeo0)~ HiHis #ZIR . 1,5- I & & 2= NP AR,

M EREEE ML, 4R 8 Fron. K 8 L
2k il 52 (8 5 30 21 A0 FITI A R TN 2 18] ) eI
WALk, MU LM RS e, EEEE R
ML, WML, K 8 R2H VT EkE
(ODeoo)~ Hli MiEER . 1,5-1% —FAEAN R I )4
MEERMATERE, BRMIE RPN 0.99, Hik
1, Hor oSy fs 2 wii{e, SRV AR i
Uil aek b, BAVERE R

W a AT ODgoo MM ODego A FEEE; b T H-inh A1 5 I H
WAETEEE; o TR E R AN S = IR LA AR d AT 1,5-
TR RSN 1,5- 1K A AFERE .
E8 FUMARMENERIESIZEE
Fig. 8 Degree of fitting between the predicted results
and the measured results

2.3 IEOSMRBITEEEREAE P2 IR PRI N A

W UL b ST AR R T ) B S A A 7 T
MIZZd, TZERARTERZRNE 9. & 10 A1k
1R, B9 NE A4 K B ODeoo AL AN AL B
ODeoo MABALIEWL, B 10 43 5h TEARAGHT S,

RN 1,5- % M BRSO, R 1N KRILRE
AR IR L .

& 9 AL EREARARKEIBL ERA KL
JUEHE A FAblr B iAb il Ja ODeoo B RS —2K,
ODgoo AN FIX A I F & IR AN I 2= 3 3 30



W a N AAE KB ODeoo 2 1L: b JFEALIT BL ODgoo 21k«
E9 BEAHEKM LM E ODso ik
Fig. 9 Changes of ODgoo in the growth stage and
transformation stage of bacteria.
H1& 10 (@) "T&1, RALHT 4 AL RE R R
B 2 NN 60 g IR, 24t 7 17.67 h,
4 WAL —FL BT T 44.88 g/l IR R=s 1B 10
(b) N&E5E T EHRDTREBIEIELL A T2, 5 X
BN 240 g Wi, @R 7 20.75 h, Py
FR Rt T 43.50 g/L IR

AR#8 Lg% 4

e a MIRAHTEHAL T Z: b MRAERIES LT Z.
E 10 ZFEFHATZHRUBIEHREM 1,5-K_REETK
St

Fig. 10 Comparison of lysine and 1,5-diaminopentane
contents before and after continuous transformation process

optimization.

M LLAMETIN FHZ AT, JH6 S B Asoo
18.6540.47, .zl 1T MR R G2 BT
A As=15) , NHZJE, HI IR Aso
14.3640.36, JEiBILUTLLAMEL 70 B SN AT Asoo
fAetL, AIMITIR 35S~ BebrBe. & 1wk, M
MRAL 2 J 5 S ZLAME LR 73 Hr T AT st 2 B2 F) 25
&, 5 SRS RN 4 2 R 7k B 5209 0.59., 0.54.
0.50. 0.55. 0.47 g/L, iz fE I & EiA%] 1 0.6 g/L
DA, Bt as A, A DT RS I 4, it
Nt TEAHT, 4 AR I3
HAH# 0 6.560/(Lh), ALSE, 5 UGELLFALHEE
BRI 38 AR Ry 22.96g/(L-h), T2tk )5,
WA R A ERBR A CHT®m T 35 fF
(22.96/6.56) .

x1 EEEATIZMARERERIELL
Tab.1 Comparison of fermentation data before and after continuous transformation process optimization
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