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ABSTRACT

Nicotinamide is a kind of Vitamin B and it’s very important. In the body, It’s one part of
the formation of two kinds of coenzyme. Nicotinamide is mainly used in feed industry as nutrition
additives, it also has a very broad application prospect in medical industry, food industry and
cosmetics industry. In the industrial production of nicotinamide ,we mainly use chemical method
and biological method. The biological method has a big superiority that chemical method hasn’t it
does little harm to the environment and has a lower production cost, and it’s very simple in
process.

Under the conditions of laboratory, we mainly carried out our research in several aspects
and achieved some results as follows:

(1) Started from the strain Norcardia sp.HD9611 we had in the laboratory, we used the
method of ARTP mutagenesis, microwave mutagenesis and EMS mutagenesis to make
mutagenesis of the strain. The three methods were all used alone. Then we made the composite
mutagenesis under best conditions of the three method of mutagenesis. The best conditions of
composite mutagenesis were: the time of ARTP mutagenesis was 240 s; the time and intensity of
microwave were 90 s and 60 %; the concentration of EMS mutagenesis was 0.8 %. By the
mutagenesis we screened one stain whose nitrile hydratase had a very high enzyme activity of
1764 U and the stain had stable heredity. Compared to the stain Norcardia sp.HD9611, the enzyme
activity increased by 33.13 %, and we named the stain as NHD-1.

(2)In the detection of Nicotinamide, we used the HPLC method. By optimizing the
wavelength of UV detection, the flow rate of mobile phase and the proportion of mobile phase in
the HPLC assay, we got the best conditions of HPLC method : the wavelength of UV detection
was 220 nm; the flow rate of mobile phase was methanol: water=1:3; the proportion of mobile

phase was 0.4 mL/min. under these conditions, the peak time of niacinamide was 5.306 min.



Compared to the method before optimization we used, the peak time significantly shortened.



(3) By optimizing the conditions of catalytic reaction of the nitrile hydratase, we got the
best conditions: the concentration of bacteria producing niacinamide was 1.8 %; the fungus age
was 48 h; the concentration of substrate was 100 g/L; the temperature was 29.5 “C; the PH was 7.4;
the reaction time is 30 min, and we should separate nicotinamide late in the actual fermentation.
By Plackett-Burman experiment we confirmed that conditions of concentration of substrate,
temperature, PH had significant influences on the enzyme activity of nitrile hydratase. By
response surface test we optimized these three factors: the concentration of substrate was 98.88
g/L; the temperature was 29.59 °C; the PH was 7.46. Under these conditions, we analyzed the
enzyme activity is 1784 U. Through verification test, we confirmed the enzyme activity of nitrile
hydratase was 1775 U. It was very close to the theoretical value. It showed that the response

surface test was a very effective method in optimization of enzyme catalysis.

Key word: mutagenes nitrile hydratase enzyme activity HPLC optimization

1 &

it

1.1 MH R BRABEIA

1.1.1 tHELPR 4R
HHE 1% (Nicotinamide ) 2244 KN 3 — ke R, N 4E4: 3 By JESCfETFR VBss

sl e i sy A R, T 7 i b e L2,

MRmE A 7)1 30 11

N OH
/
N
1-1 NSA 9 F=

Fig.1-1 The structure of NSA

£ R

1.1.2 MREL R 1L


http://pic.baike.soso.com/p/20090108/20090108120000-102270.jpg

RN BB IR S T B R R . I8 R0 128 °C~131°C, Wb DN 150
C~160 C. HAREIERE ST, LEMANIEA BRI, (25 2 Bk v
et e o, AR R, THRIRE S0 CLUFHRILRE.

1.1.3 HHER T 4R
JER SR JE TR, 40 TR CoHNO,, SUREHIE BRI A, (B
AR e — L T S PR &5 A S . — 2 R 35 PP (=

BRGYD, SRR, TRt Emm s F e g
TR T M 2 A S T L AR . MR 5 T3 2

[f?j—CODH
-
N

A

Miacin

1-2 REZ 53X

Fig.1-1 The structure of niacin

1.1.4 YBELRE A&

KI5 5 A Mk P R A A Bt 2 2 At e e s
et A e g O s = i b B AR I 2 AR Bl IE 2
SEAT W JEL 3 LS 5 T 21 S P 1 T IR RS 53y = e [ 2528
TRV MR, S B E S 2R AR (DR 2 S 76 B S RIBE 2647
Wb LA 2T A K ST P S e 7 o 2 A — e il
B2 b RS R 148 5 4%, P I F Rk 1 48 26 b 5 5 M
BRI, HCth b P e e A B e o = e 2 i S e i 3z
BT, FofE e R Tk s 0]

1.1.5 ElShFnch EMRBL RS = M EZR BN
7520 48 50 4E4%,  [EAMEIRIE L 7 0.2 5B T e B 72



75 4 tH PRI P B 20 30 ktva, A= Bhth et 7 20 kval L), s b

ity SGHE. LORIRE . BIRE. PEEESF SE I SO O™ tHE 5%, sk 4
A (LONZA). Z£[H Nepera M1, LRI Reilly Tor AG 1V 552 AL AE 7= 7
M E sk, XEMAEFFTETMLL E, it Lonza KA 35 %4 7= G /I 7E MM
Wt frie A AT A

IR e V8 A 40 %~50 Yol E A BRRHAN N7 L A ZE DR AE P2 7 T 25 %~30 %
R T8 AE AN T 20 %~25 Y% TR 24 7= 7 Tl o S5 [E =359 S e =
FEZ5 10000 t LA b, (55 26 S Ay 2 —, T 3R 80 Yol E N IRRRER InFRE H .
P CHA R frie v 2 B AR K o kM OGS 1T HA . PR B 55 = tH 5 B S AR 45 T

R R M R 2 I U — A e 5 e sl 2],

FELE 20 D 50 BT ha AT IHBLIZ2E 7, B8 ST MBEIG A= 7 Al AR
Eig. EALE 70 AL BAAE 100 24, BB A E RS A b
AT Hr B R MBS IS E IR KA L . 90 AW, HERE
SMIEE AP BOR G HE, AL T 2 S M AR A P MR Aol PEBE AT
FAEEEERAG TRy | N e vb R A0 T WiV s PR R AR AR L L RS — 36

TR 3] op i s 8130 A B e B A I e B

R, e A E T A R ey BT &R W A, SRR EE IR 3400
to F) 20 tHEZ F 3, A ERABE R EAE =88 71 H 8000 t ML VA 6 2K, 1 H.3L

90T A L R e s R, o 2
WA Toll, TR 5 1R 3 B 24 80 %.
12 B E T
1.2.1 MBAB BRI & BE

IR 23 BT IR = R R T E BT 2, AT 2
UK R IR | L FE 2 2 RO 0 SR R kA7
IR . P SRR DR 73 P 4% P AT Bk A 31

sl 19~171,



TR PR R, bt SR T R IE R S50k 7=t EE 240 0.95:1, T LA Tl -/
P Jhe = B ok s R R RVRK T 2 S A B o 7 £
1.2.2 WAEE BRI 4 & B

Mz TZME, B GE A rEaGE MR R: (D RN AR,
LRI R N EERESE R, WA IBRIE. SR ES NS, () FEM R 55
BB . AR BT JEORLE S AuE R « B B B B AR 7, AT R ]
REERED AT BB TR . (3D BRI E B . MUEIS S R BB A
A GRS, EREZNASE. (O mEE VRGN,
RN AE Wi N Bl & L — M, BT DAUAE Y AR B Bl L — Pt — S8 5 et & ik
ITHREE A FEAM . B R B REH S N GETE NI . (5) EG5 3/,
AR T, “ =17 XAESE 9N, M AEYRERMTEE . XM R
ML T30 R B BN B S RAR Y . (6) ML e i/, WAk, T HLAE K
a7 DB K. BT, S0 R A 7 R, SEBAAE P R e A 7 SR e &5

TR S, I s s R T2 7 Toll K B3k s ot o s s e L 181

YRR Galzy K HHFIC 4L 42 th T mmemesct el 1), i m

IR R E 1 IR AR B TR IR o DL 2 R E VDR A SR o 0 5 i 7K
GEEHATIRANI I, K AR M IRK G EES 5 RN PTG A, izl st
T RGBS JIAMERTE, FRL PGB BB = ROKIREE SR T, ) =1tk
ORI, IR DT B 0 va. H ER|F G R kAT ol A Pk dh 1
90 AR, M R A= P e AL SR o AT TR 0 e 2 7 2 44 Al A T

s, s gre 200

1.3 KA B

1.3.1 BE/KREEBEMEYAR B

FE2R A A i e R T A 77 rp — e R ) 2 TR AR B P, 3K e
B SHIRETTM, AT TIEK, KSR AMER: o s, TRCEYR N I
TK A B A TG 2R I B DA 7

&



FESE PO Nk s R, At



X ot A0 RE S A B IR BRI U AE VTR - B SR SR A7 AL RE S R S
TR SRIR 2, B E A RIRAC, DURRHEEFATRX SR APt 4T A
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pH 7.5, 115°CKH 15 min.
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Tab.2-2 Types and manufacturers of main equipments
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(3) & B A

FE 87 AR A 1) FE PR 40 Sk 30 AR AR —FETE S BIvE M —HRANG L
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FUEMIENL, FEEAEMR AP 2R, AThER R, RINRT R ik
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IR AR 5 R bR AR B P, IRAE [ 2 930 0 VR R At 5 SR fr Tl i),
AT B R Bl T M fo i 3 AR B MRBEAT IE SR ARRE 37, BB ARTE 30 °Co%AF
THEFE 48 h, FELAEMREIFE 6 K, WM IRAARE ARG, JRGEERE Y
A P g ) o B P o A R R R e e ot 282 PR b a2 R M R A B AR AT RO, R
8% T 15 1 N — 70 CCRMIIR VKA
(6) BRI PR Bty P N 7 9%

TN T B AR 5 = IR, FRAV 75 2™ A 42 o Il S S B [B) F1 23 5 e Rl e o AT
€S 1 mL R BERATE 1 min P AEAL 3-5UFEIERE £ B 1 pumol MHE fi BT 75 15 /K 4 il
B 8 SCN— ARSI BAL(U) . W€ RS KA B BRI, AN I B I e T
P AT o R BRI AT B 0, BRI RS, B 1 mL B RO
ANF] 9 mL FiE 7 HON 8 %3-FAEMMEIE T, H RSB 10 mL BERSE
MR, WSS E T 30 °CHAF TR R S min, RS HGH 6 mol/L #h RV
&b Ni. FIFH HPLC I F 7K A BT 7T -
2.2.3HPLC For il ¥R it Bz 5% AL 1K

SYLLE TE MR R fee 600 7 THL S5 LA 12 o A €8 BRIV o v OV €
(High Performance Liquid Chromatography, HPLC) XF} “EidiAH @it ”, “&

S B FERAR G 7 “RRA 7 SRR I BOR(E ilR — NS oy
3, HPTRREANES, FIH&ERBRS, W5 H AP — R s
—FEE 5 LR A VAT BB ST S AR E N R ] 8 AR G AL, ZEAT N St &

SRS, TR, TSR s R D4
AN, SN G RE UL TR A (D Wabinis, 28
FE A F B % B MO SE A B . (2) SY SRR, (3) AR KolTik
WKL, (4) BIFITERE . ZEA MU, 70 Yol 4 e PR B A €
SHHTRIAT, ORI, KT R, BRSNS, (5) 4
SR FEE e 3 RS 05 7 JL 4B BT 150 Py 55, S A — A/
RO 0 AT LB, PR AT “REAMAR 2 I REB AT
5.2 ), (AR O, b5 B AT T R B 4 2 5 s
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PULE = ROBAR (S AE R — APl IER . B IEAR O 2 A, o
FELEZY SRS I T T o B 24 R A LA R A, TR R 2 Ry, R HE R B
K o I 80 6 B AR R % S DR 22 24 S LA s AT o Bl s, et
FRABAEZG SRR I R 72— A6 (P EZ5e) o, A v OB i 1
AR IR S A 80 AEAR 7 PG N2 7 R Fh. FEAE A A48, HPLC BIfEC
BN 2 RN BE 2 A FACH I ar B 2 IGIRAGSE . B TR, o F4E
Yorrf i ANl TR, AR AR A AR H e s AR R E PR AN D7 T (D IRy T84
i, WEIEER, AHLER, B, nhRRSE, AHURE. BAERFHLSENE. (D
FOY TR, WERK, EAM. M. SRR, BRI E .

2K e OB s R I, A a0 = LA I B St PRS0 26 A1 e ks 00 o 8 P O
A EERK, HES N FEE: K=1: 4, FENAHAIES 0.3 mL/min, £
DUFERGERER Y 10 pL, EESHAEES 30 °C, EAMEME KN 248 nm, Bk
kg N Cis e PA BRI S5 AF32 20d P A0 #E AT 0 « FERBARAT T, MR A
3G A A1) 3 5904 13,776 min A1 25.968 min. & 1-3 Frks:

010

0.05-

Ji J

— T Lt e et e P Pt P e
0.00 5.00 10.00 15.00 20.00 25.00 30.00

2-1 (AR 3-FAAHLOE 1 A 8] ]
Fig.2-1 The peak time of nicotinamide and 3-cyanopyridin
R AR, O TS R g R, AR ENEA R EAEANT
XA S AR REAT A AL B, DL B8 f5 J I 5] Py o 0 R B fr 55
(1) 2o il JOR Pt Jog s o4 T 28



N TR E v ORI T R e A e W e T AR AR S i 2 B T A R
xR, WAFELHIMBR A HELZE: BE 0.025 o/L MABE AR HER R (F
0.22 nm /K R PEMLUED, e MM S BOEAEE 709 5 ul « 10 pl, 15 L, 20
uL, 25pL, DAUGABERZEERE SR AR, o I T A AR bR 2
(2) HPLC S84l i K1 S

N T R S RS B A, FATT X MRk Mg S HG A= 7 i FH A 3-SR = b e
ATERAMRO T, BiE —E R AMRISIE S, Oy 7SRRI U, FRATIH
LR VR AN K T i A it B, AR RS, FRATIESE 200 nm. 220
nm. 240 nm, 260 nm FLAMEEAMBACBEATIIE , ILEAEREA 58 AN ISR KT Ak
it A L, 20 L, 38 M 5 B U TS T Xt I 8 N A8 K A S R R A 0 9 K
(3) HPLC ¥ 3IAH I & 5 8

v SO € T s T A58 P Y8 ) K S A R AR A A 00 P i e e e R AN A SR
WA R AE TR BN AE P RLZ A R A A, i H BRI AE Ve RE ) 220k, 3%
TN AH TR AN N P il 28 AN SO AR s Wl . HPLC Al A2 b, i shAH
T K /NG L R I SR R B B IR o SRR B AP I BRI i, AN RE R AL IR
AL R, SRR 4R, A IRCR AR T, IOl R AR R O Y
Wi o EJHIE A R e, AT 43 0 1 I A PR I R K TR R T8 23 3 0.1
mL/min. 0.2 mL/min. 0.3 mL/min. 0.4 mL/min. 0.5 mL/min. 0.6 mL/min 7S/{™/
R AT RS, MR DUt WIS [R) S AN, FRAT TR U IR () L s U
e U 7Y 5 400 50 AL AT DA O P A e i B R BN AR
(4) = RBUAR E S B AR B 23 U S E

MR f v 205U €2 T A 00 T A58 FH VA 3016 S R B AR 7K VR 50 o A ATLAH P B 25K

e O TE AT N F R o AKAHEE R AT K, BIZRAR/K IR 25 )L P2 5 1%
Jii . RBHAR T H BRI E 43 b RoE 1O ISR e e 70 B B P RS B RA,
T SR PR B AH B 2 HORE 37 O Pt e o 0 5 AR OB i S FEACIR TR, FRATTHE
TR E BN EE: K=1: 7. 1: 5. 1: 3. 1: 1. JUANA—FERBIAH

B AT IR, 220 G I [A) AN —RE SR 5 B R Sl AH B 20 EE
2.2.4 JHTE AR E



MHBE AR B AORES T A A B R A R, KPR AIR &
R o ARHR IR BRI T, FRAT TR T MR R SR UL R A3 B T M e 45 s
THIE A P2 R 200 KRR 9% 48 h 5, BSOAREE 3 Ik, RHIRE LI N
4000 r/min. 15 min, BRELJEF X FIERIFIMANZBKAEAEG RS 5
O TR AR EATIEGE, 782 Ve 2 BAR ORI o HBCHE B A I N 28 1R 7K 1)
BRI, B S mL BRI 15 mL 58 8 %3-FALMLIE i, 7E 30 °C T ik
ITEER L, RPBGSFRP R, HRI 3-FEEL e S BE DL, e 3-E
MEnE O N TEA G, W R FRES G, AR UUE. W TE LIS AT et
ARTBIG, M 20 mL JorK CBERE P AR AR . RHETBUBN 45 °CHZE 15

Fah TS, XA AT RN, JEX I 40 FE SR kAT B
2.2.5 JRIGE e A e i R i A A S N SR AR AT AL

FESE KA B AL A 7= MR o A v, FRATT 75 ZERT T A P 75 2 A 2% A0 I BAFz 1),
PASEAGSE S R 7= o IRt Ji AR e R o R K B AL S S i B 25 A AT (DD
AP RIRE o Tl P MR e S B FH AR A E WAk N TG K 5 g, T A i e
SN WG 7K G B 1, i DLIRATT 75 BELE G 7K A Bl 1 53t v Tl A 2 AR K () A AT
FebAzrm. (20 WARIREE . N T Wk A 78 R AR R, SRR S 2R
FAT T TR S AR VD B ARIR L o TR AR P O 2 R AR AN e 70 R iR ), i
FSCG AR PRAR, TR AR P I /N 2 A P TR, PRARAE =28 . (3) TR .
I BE S S K SRR, Oy IR B ARAE SRS L N 2 5 R, R
RAFEER . (4) PH. WMAEMAEKTFEGE H PH, FE/KEGBEMEE H Ph &4 N4
REA DR B BEE 1 o (50 RADURIE o MR RE A 7 i A5 FH R4 3-SR mt e oy — Al
VS, R EE IS PRSI E N, T B IE K S BRSPS R
YR IE, AMRE PRI TG K G B2, e DR R G e A 7 1 28U A T .(6) X
JSLET IR o P BB S MR (B A, JRAIE LRI FER = AT FAR, WK A B 1
S —E . TR E . EBER SRS, PYIAEIR R KA
TV AT O, AT B ARG 7K 5 Bl v

N T BAH AR Bt frg £ 7 e i B 2% A, FRATISE M i 7K Bl A S R ) AT KR
PSR € el A 7= 2 AR 2R



BEfEAGR &R BCE PH 7.2 BEBRZE M BRI BT & 73 B0 10%3- AL L IE V9 o
UK 1 mL A E] 10 mL 3-FURAEIE AN 9 mL iR 22 i i e 5 TR
BT 30°CTFEH RN 10 min, A 6 mol/L #hERIATRZ 1L N CInA R FR T 0.1
mL), 8000 r/min 250> 10 min, B EIERHEAT = B0BAH (G 04, € SN 2
M 2 &

(1) BCIE BRI AR IR B2 1 S0 o

B K5 9% 48 h R EEBUI 20 mL 7E 4000 r/min 2514 F B0 15 min, N\ 60 °CE
TR AR, TE AT, VRS AR R B SR R AR IR E
FHAREI T, AT IR, SO WARIKE DN 1 % 1.5 % 2 %.
2.5 %, i RV B R A B ARIR B, U TE /NG N EAT R AL, FERf € 43
BRI ARIREN 1.5 % 1.6 % 1.7 % 1.8 % 1.9 % 2.0 % RHTH KR
B2, J R 5E UG R FH HPLC W 5E 7K GRS, AR 8 SR 75 50 B PR B
(2) BUFHR IS E -

BRI E RS, AR ISR 2 B A A I 2, BTl (R BERE 57
IFIE) 43 %09 30 hy 36 hy 42 h. 48 h. 54 h. 60 h BEIAHATEAL B, [N 5EK,
JE W G 7K B, AR S BT 5 B i TR RS
(2) BCIE SRR LA S8

PORIE A, FRATEAT IR, B IRIREE N 1 % 5 % 10
Yor 15 %, LAJE MR i it 7K A B 1 Fronf LSRR B, FRATTHEAT RS At Ak i,
BB A 3-FAEMIE AN 7 % 8 % 9% 10 % 11 % 12 % HANA—FEHK
FERAT A RS, 5 56 B3 0 7 I 7K A B 1 DA 5 S IV BT 75 0@ IR IR FEE
(4) I i B 95 o

IR IL B R AL, ARk, JATRKREEE R E )y 26 °C. 28 C. 30
‘C. 32 °C, FEMLTE R A E e S T R T SO B2, DS AT R AR AL e,
FEARIE IR 43 ) B e N 28.5 °Cy 29 °C. 29.5°C. 30 °C. 30.5°C. 31 °CHA
AR BE AT I AL RN, 82 56 R U7 i 7K A Bl e, DA 58 S L T 7 B30
B,

(5) fi& PH



BRI E AR, TETURES h AT PH OB R E N 64 6.5. 7. 7.5,
8, TEMLIE ] A ff o 50 v Bl T R R T X IR, DS AT RS A A i, 7R R0
¥ PH 358 EN 6.87 7.0 7.2. 7.4. 7.6+ 7.8 AR —FEERHIE HEAT He kiR
By, RS8R S KA B, DU 8 R BT 7 & PHL

(6) 35 I 2 J32 B[]

N TR ROSLAAR R PR K A R G S B R], PR DR L RS S R AR 1
BN, WE M43 508 10 min, 20 min, 30 min. 40 min. 50 min. 60 min,
SR 45 o JE W e 7K G BEE T, AR E SR e S B2 ]

(7)7 =P P 5 I 7K il 4 5

SN T A 7 e R O M R B T I K A TR M B R, AT TTE AR ORI
RPN EUL T, £ TRGG e hl b, 852 OB 2 R IR 3 BE 40 A 40
g/L. 50 g/L. 60 g/L. 70 g/L+ 80 g/L, M|5EAN—FF i FE R & A7 75 i Xt i 7K A g
CRER- AP Ryl oS
(8) M B AR AN 7K & B A S B 2% F

Wi N fI 7% (Response Surface Methodology, f&FX RSM) #& i1 Box-Wilson 7E
1951 SE ST — MBI G5B S & A AL i 7k . BARRE,
M 7 TRV A R FH - B 1 v I 22 i B0 45 3030 20 Hds , 220 Xk S i i 47
TC T IRIANE 75 FE 3 B R AR B A S5 R A BB 2 T RS R, IS SRR TS
S WA TV SR AL B 22 A0 6 i) i — AN SR T 7

TERRAE R I J5 T W) L TRV SR B AT R AT & B 00T, IFFE A PRAIRER IK
R PPN AN R AR M R B e, JE TR 2R 5 R 2 IR 38 HAE &, Bk
RIS TR MRER G k.

WA 7K BEAE AL S B OGBS R A TR e o JRAUR S . TS PHL S REIN [H]
FAEE, T B 58 1K A R PR ot SR M = e R I e Ay 2 TR, 3 22 3ok g
S THI 325 % Sk 35 5 ) SR IR S AT 40 AT R AT e v M K B g E M, JRATT R A
Plackett-Burman 15112k 4 H 2 25 520 JE A

Plackett-Burman ¥ t1y& B RO IRIG BT, SCHEER T



5 IR 22 HLOR e R 251 it DR X i o2 A% 8 285 5 i 1 SR B e B U U7 ik
GITE R LRI 5 R AU A K REAT 70 b, 225 BRI 7 PR T 22 57
ANEE AR 722 S SR 5 PR 7 S 35 1k

FEARGE T, G RO K S B 1 LA R A 1A 2 PRSP, 1 ARER
K, 2 RERmAK, SRR AK PRI 2-3 Prafos:

% 2-3 Plackett-Burman i®I&i% it

Tab.2-3 Design of Plackett-Burman experiment

7K
JE R

1 2
A F i (h) 36 54
B MR EE(C) 29 31
C MBS [E] (min) 20 40
D v PH 7.0 7.8
E JEYIRIE (g/L) 80 120

223 Plackett-Burman W iHEEIE R 2E W I e, DA ZK & B 10 Dy i N AE
(Y), VLS R Ay E AR R, 3EAT 0 L o AL it

3 E R M8
3.1 HAELBR = FE AR 7
3.1.1 ARTP iE%Zs

XT Hi K Bk Norcardia sp.HD9611 #E4T ARTP 5748403, DAEARE 6] 9 5 A2
&, NEABIERET S IR RSt R L, B 3-1 TROR:
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