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Effect of urea on clavulanic acid production in
Streptomyces clavuligerus
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Abstract: [Objective] Clavulanic acid (CA) is a p-lactamase inhibitor produced by Strepto-
myces clavuligerus. Since urea is a byproduct of CA biosynthesis, we investigated the potential
inhibitory effect of urea on CA biosynthesis. [Methods] We designed urea addition, ammo-
nium addition, urease inactivation and pH gradient experiments to research effect of urea on
CA production. [Results] Addition of urea inhibited CA production in the wild type, and the
production was completely abolished when the concentration of urea reached 20 mmol/L. To
prevent urea hydrolysis, the genes encoding urease were disrupted and the corresponding
mutant was analyzed: which accumulated higher concentration of urea, reaching 10mmol/L,
but this did not inhibit CA production. Therefore, urea itself was excluded as the factor
inhibiting CA biosynthesis. So the inhibitory effect of urea on CA production in the wild type
may be due to the elevated ammonium concentration or pH resulting from urea hydrolysis by
urease. To test these possibilities, ammonium salt were added in the fermentation medium,
which showed no inhibitory effect on CA production. Furthermore, the gradient experiment of
pH confirmed that different pH had a large influence for CA production. [Conclusion] pH
increase due to urea hydrolysis was identified as the real reason to inhibit CA production in the
wild type strain. This study laid the foundation for further elucidation of the regulatory
mechanisms controlling CA biosynthesis in S. clavuligerus.
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WL 50 mo/L WM HIEERR & . 7381 pH Xf
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AN, WK 1 PR, BIRAEY SR,
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Fig. 1 Production of urea in the catalytic reaction of Proclavaminic acid amidinohydrolase

1 MRS

11wl
1.1.1 EMFAREKL: BAERPRREEE R S, clavu-
ligerus NRRL3585 A1 K i #F # ET12567/
pUZB002IAR S B 2 447 KT IM109 I [
T Invitrogen A .

PGHCN 7 S35 FH 114 5% 5 TR S R i B3 ot
ki, TGRS (RK2 oriT) ., FiBEZ W R
PrSEH (tsr) . RARERPUMHIEH (neo) FIA T
FEPUEREA (bla),
1.1.2 RF: Fra A FIE W A F o Sigma 2
7], DNA Marker 145 Fi i 14114 F TaKaRa 22 7] .
PR AREE R DGR £ Biomed 2w, #45
TR A NEEY10 g/L)5 ARSIk AL Bl
(50 mg/L)HIR G, #ELRAE; 15 B A& Al
(G o/L) S5 ERREN(8.4 mL/L) TR AR, &
TRAF
12 XWHE
1.2.1 #HEEAEBERAN: R 250 mL MR A
M, WRkIZEF T YD [R50, 30 °C 1555 7d
fHHP AT, FITZ 4 om? il T TR 71
FREE(2% TN, 198145, 1.5%HH, 0.6% KH,PO,,
0.8% MOPS, pH 7.2), 28 °C, 250 r/min 1557 48 h,
FELL 5% Rl A & Wb SR (W SR TR 5

H—3%), 28 °C. 250 r/min #5535 3 d.

(1) MRASMSER: BA KA RE 48 h 5, &
BAMINZ A R 5. 10, 20 mmol/L (iR, LLIAG
TBRAE R AT IE, AkSE & 24 h, Klideg = w1,
R TRV P B R % pH.

(2) EEERIRINSCR: WP AR 48 h J54)
WIRINZH)E H 1, 5. 10 mmol/L HIRRERE:, LI
NIRINGRIR B AN I, kS LT 24 h, KDEER
;e MR BRI pH

(3) pH BHESCK: WFAE R AEE 48 h )5, 4
SIEA KB pH b 6.5.7.5. 8.5, 4kLiHESE 24 h,
RO DU IR 7
122 $RBETEERM: RAHR-KEREE
I 257 o T R A 5 mL i3] ATRS), 1
JA 5 mL 5 B 5535, 37 °C K% 15 min
JE KM ODeggs
1.2.3 BREEE S TR ARRE AN (1) DREHS
P, B EBER 4 °C. 12 000xg &5.0> 10 min
WA B, 1110 mmol/L MOPS 2 i (pH 7.0)if
VERAR 3 R, AR B0, I AR AR
B 1 mL M EEE A 0.5 mL 5 mmol/L Ik, J5HL
1 mL HEHE A 0.5 mL MOPS 2% g FH T 46
A BB T AR, 35 °C S 30 min, 43RS
ODgyso HIM# Z 25 AODggs 287~ IR 1 -
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(2) MRACEEAI . B 1 mL RESR WS
50 pL KA$(32 mg/mL), 5HEL 1 mL %0 50 pL
MOPS T A I 84 25 + % =, 35 °C
30 min, 4354 ODegs, FHPHE 2E{H AODgys ¥
PRI i
1.2.4 PCR 314i&it: PCR 145 [ #y)¥ 51 W3 1,
W3 UF-S Al UF-A 5194715 ureF EiF[RIIVE, 1E
519 UF-S 5 Nhe T BER SIS (FRIZL),
B 15 14 UF-A 551 Mfe T BERBIA 5 (R RIZR).

Wit DA-SHIDA-A 5119 1 ureA N FRIIEE, 1F
514 DA-S 53N Sac 1 BERBIA L (R RILL),
15145 DA-A 5111 Spe T BRI & (FR1Z8).
B Amp-S/A Fil Uyz-SIA 555 | 1561 IR it
RARKK. 519 Amp-S FIl Amp-A 7£ pGHCN JFik:
1) bla JE A F 511, PCR =#1k/N K 963 bp; 1E 7]
519 Uyz-S 78 ureA T [FIEE_Ficit, [mis|9
Uyz-A7E ureF LF[RVEE biit, DAEPA BUFEA
AR, PCR &34 ™4 K/ MR 3 699 bp.,

x1 KEHERASY

Table 1 Primers used in this study

514 hgdl PN
Primers Sequence 5'—3' Size (bp)
UF-S AGGTGCTAGCCCCGGACTCGACGAGGATCAGAT 33
UF-A ACGCAATTGGGCTTCGCCTCACCGCTGGA 29
DA-S TGCTGAGCTCACGTTAGAGCGGGAGTTTTTCCAC 34
DA-A GCGTACTAGTGCAGATCCACCACGGCGAGATA 32
Amp-S GGAACCCCTATTTGTTTA 18
Amp-A ACTGATTAAGCATTGGTAA 19
Uyz-S GGGGCCGTTTCGGTCTCA 18
Uyz-A TCGGACGAAGCCTCGGGTA 19

1.2.5 HREBRIFRFRAL pUFDA RUMIEE: LIFRIREE
B A R LN, L UF-S 1 UF-A A5 ]
(5% 1), PCR #"34 ureF (SCLAV_0521) |- [l J4
B, FNhe T 5 Mfe T XUEFD] 5 LUK [R102Y 1.5 kb
H R B, PR ve [ 25 40 [ WU DD ) pGHCN
kL b, FAEZ E. coli IM109 J83Z 25400 ity i
AL TR, FF PR ORI Y A, 19 B E A Ok
pUF,

T DA IR 4 R TR P A bR R 2 AR, DA
DA-S il DA-A HJ51¥I(& 1), PCR 473 ureA
(SCLAV_0524) Mif[a] s, H1 Sac I #1 Spe I X
WY, EIKIEIZ) 1.5 kb H AR B, BRI TERE
RNV pUF Bk |, #1LE E. coli
IM109 JEZ 2 PR e E A ok, BRSOk T
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YoE, ARASE Y SR pUFDA,
1.2.6 HREGTEMESRRVRAE: i FEAGSH
J720K neo JE R IREE 1 Zmb LR ureC-ureB-
ureA (SCLAV_0522 %] SCLAV_0524) % i 1 1 2
T3 ureF (SCLAV_0521), LAI5 4 FH b i i
EPE(E 2).

¥ pUFDA Jikif%fb %= E. coli ET12567/
pUZ8002 [z 4N rht, 15 HelReE 5 i B 2k
W TSR, MESARIRAE ASL Ji3F
(B 0.2%MEFHEE . 0.02% L-INZ M2 . 0.02%
L-K5 2R . 0.05% L-RABERE . 0.5% AT FPETER |
0.25% NaCl . 1% Na;SO,. 0.2% MgCl,-6H,0. 2%
BiEK, K5 4N 10 mmol/L MgCly,), 30 °C 5%
7% 16 h JGIRZENERRR (12.5 mo/L)FIts 22 R



BPUIA AT IR IR B 2 TR PR IR 5 1l P 5 i 1131
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5, 300 F 14"
pUFDA g J1 oz
< 200 ¢ | _._CI? —32_80
. 100 ! —A—pAmmonium- 2
2 JREG 1 REIEE ureCBA K ureF BiRRREE / ! ]
Fig. 2 Disruption of ureF and ureCBA on S. clavu- 00 ' ; ) 1'0 ' 1'5 ‘ 2‘0 .
ligerus chromosome Urea (mmol/L)

H: neo. tsr & bla /AN RIRERDUERR | fisEZ R
Yotk A S J R B R,

Note: neo: Kanamycin resistance gene; tsr: thiostrepton resis-
tance gene; bla: Ampicillin resistance gene.

(Tsn, 25 mg/L)5F B8R . PRIk sl T 08
2 (Kana, 25 mg/L)f¥) YD - 4% 34X, 7E YD
AL X PR e i T Kana (25 mg/L)AT Tsn
(25 mo/L)BiPERG, kit KanaTsn® 745k, Jf-
Xt Kana®Tsn® 848 pRH 3L 410, LS AR pR AL N
H oM, SR Amp-S/IA K Uyz-SIA F%i5]4)
(F DX R IEAT PCR Kk

2 #HR

2.1 BRAMATEFEE#E S. clavuligerus NRRL
3585 & R 1ERL HI R M

DAASTR INIRAE A ) B, B A P i i B RS n
ANTRIV BE DR PR R P i . 4 B8 TR S pH 52
WE 3 FiR, S5RE: FEE IR R,
B m B WL, MR EEISF] 20 mmol/L i,
JUFAF=RERR, A A & SRR L7 AR5
i A=y i (B R ) o (RIS, R TR 2% pH B
JRHR BE RGN K, MR Bk E)] 20 mmol/L H,
pH ik 8.5 7547, LTI pH =2y 0.7, 4455
T e BBENRR SN R, s T e
FEARTR RIS T 3.5 17, DRI ARES S 25k
iRy et B I T B B TR B T s, o ik
KA KA IE pH SRS I IRATHE T T 3 —
AT

3 BRI EFLEREKRERTE. ABRPEET
RER pH 8958200

Fig. 3 Ammonium concentration, pH changes and cla-
vulanic acid production in the culture of wild type with
different urea concentration

22 HHRESEREHEMRENEER LXER
)
2.2.1 FREBRLPR#E S. clavuligerus/AureFCBA BY
MI3E: IR I BEL T RS PR, SRR SR IR 1k
R gl pH B84k, MR IR 75 =X
HEENRE T AN EEIR G o

IR BRI DR R S 06 A5 81 4 A Tsn®Kana® %8
AR, DARARMRIE D0 A B, H Amp-S/A .
Uyz-SIA WiXI51H)(FE 1) BIxt 4 #kiE4T PCR
Bk

Amp-S 1 Amp-A 5|1 45 R ULIE 4A, Xt
W& Jfiki pGHCN HiBHL 963 bp 4441, T 1-4 59878
BRICZRAT, USSR TC bla BRI, ki 22k,
5149 Uyz-S Fil Uyz-A KERE, DIEF A RIS R 41 R
FEARY 3 A BER/NA 3 699 bp, WIZR neo ALII%F
e BAREED, D0 LS AR bR B PR 2 AR B 1% v Bt
K/ANK L5 kb, Z5RANE 4B fiR, BAERY 1-4
SORARMRE T RN ST A R 8, RUTEM
JOR T AH DG DR B A 8RR o BRAR R S8 kA 44
S. clavuligerus/AureFCBA,
2.2.2 IRESELFR¥K S. clavuligerus/dureFCBA B
BEE 1 SRR P S e R B A SR R Y 2R
P, 72 h SBUREASIN & PR Ik 0 1 S PRI 7 i
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E 4 PCR WiEAREGRELFR#R
Fig. 4 Confirmation of S. clavuligerus/dureFCBA mutants by PCR
I A 518 Amp-S/IA PCR 7=4); B: 51 Uyz-SIA PCR 7=4); 1-4: 1-4 S92 k; WT: BFAER: P: pGHCN JFik.
Note: A: PCR products with Amp-S/A; B: PCR products with Uyz-S/A; 1—4: Mutants; WT: Wild type; M: Marker.

1.0 r

HH

0.8 r

06 r

04

Urease activity (ODg,s)

02

| ——

0.0 .
WT AureFCBA

5 BREGRLFRARA B R AREEE AR
Fig. 5 Activities of urease in the culture of S. clavu-
ligerus/AureFCBA mutant

H: WT: HFA: 5, AureFCBA: S. clavuligerus/AureFCBA.
Note: WT: Wild type; AureFCBA: S. clavuligerus/AureFCBA.

JORBEG A 25 S A& 5 iR, 45 R 5%
Az RO RN [R]85 AR AL TR IV O e
P A S, U TSR R P MR IS 2 s e 4 LI .

R R 45 R an s 6A Fios, Mk
it e S e 5 A PR R R 7 e T S 2 R .
RIER pH WA 2% 25 5 (B K ioR), HA
TR rh IR AR R i 2 25 55, P AR TR SEAC AT R R
JUK, 77T D T e o AR AR SR DR MR 5 3] 10 mmol/L
(11 6B). nith s kv B OIS B0 IR - 1t
fiI%, VERHNRAS B IEAS B AR IR G o
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Fig. 6 Detection of clavulanic acid production and urea
concentration in the culture broth of S. clavu-

ligerus/AureFCBA
T WT: P45, AureFCBA: S. clavuligerus/AureFCBA.

Note: WT: Wild type; AureFCBA: S. clavuligerus/AureFCBA.
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TR i TR VAR S TN A Ti) 9 5 A5 TR 8 T A28 TR 7™ a5
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Fig. 7 Effect of different concentration of ammonium
sulfate on the production of clavulanic acid

2.4 pH MEER = #0

DL ESEEIESENK . 2 A B AR IEIE RS
Bo N T IESEIRAS M SRR A B IR AN I 52
pH ZEALITEL, %42 T BP A bk ARG 7 48 h, 41
ST AR pH 2 6.5, 7.5, 8.5, 4RZEHEFF 24 h
HURERG AR R = AR k. 255 nIE 8 fiow, FRHA:
PEIR G X pH A S UK, pH ok 7.5 B R ™ e
=, pH IR 8.5 BRI 6.5 ARz 1Y
AR ESE T pH AR G A E N R
PRI, pH 38R RS i 5 2508 A R R = R A1
Y EIE R A

1133
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Fig. 8 Clavulanic acid production in the culture of wild
type with different pH
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IR B DA R AW & ARG R, A
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] 2 TS o DR AR T S 56 0 A) A i B S
5-20 mmol/L MK et # il B 2 A4 e LT 27 /4
IR o ARAEMRBEAE IS, RS0 [R] i P bt
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Feit MRERTREA 3ANAER: (1) IR A B B i
BRI GG (2) MRAK AL 1, B 1
HIPRRR A 1 (3) MRAIRBEK i T 25k B
pH T, [HHEIM IR Gl

AT o o B W IR A, (R TR
Ak By 7, WG K pH [EIRER R
RSP, BRIIR A B X RRIR = BN o 45
A 73 TR Pl SR R A R e R B IR R R A
THEM R TR, R A SRR
PRI 5 10 o it e 0 — 2P HEBR A S 1 5E A pH
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TR G . AT AE SIRIED), MERR & I )
i pH = T 7.0 IR R = A I ], pH 5
7R R R AR G

KRR pH SZMAREIR P 5 1Y BARALHl— B2
MR RS 2 —, Horh— AU pL R =
pH ELHEARIERRIRIEAR . & BRI R IR AR
£M, Haginaka ZEMfF 58 A [A] pH X iR e MY
Wi, %ZIEERRTE pH N 6.2-7.0 (7L N EfasE,
FERPESME T, B, A h IR I S
H pH F ik 8.5 ify, METHERR B 2URIREfR, =
TR F R, AT DR SRt e 53 1 £ B R S
TAHRHIREE R, Fik—L ] pH IR &
BCAIHILTR BEE T JEAil

WFoE @Rt — AR B 0l pH b 5.0 2247,
pH A 7.0 DL L (Bl PE BS503R AL,
PRI pH 52 R 7= 1 1) ) — i A2 1T BE Tl e 1
RS PR SRR, IR ERIR & il SR IMAR
WFoE 285 S HERR T X PP AT aEPE, JE—2 W8 T pH
SRR R AHLE . IRES IR 2 T A
WA $E DL, 58 — A4~ # DI L SCLAV_0522 %]
SCLAV_0534; %5 —/~#£ Il \ SCLAV_4473 5|
SCLAV_4474, Sy 5K M KRG 1 FOlREE 2. WRHG 1
H5E3A o, By A 3 PWIAH AL, 435 ureC,
ureB, ureA Zwht, I AT AR IR IS 1 0T B
E IS EEN ureD, ureG, ureF., Bgfg 2 XLz
REMY BN WEFEAN o 7 IEAT AL, HoPHT WA R
IR, Lee 24 Klebsiella aerogenes [
ureD. ureF =X ureG FEUIREGEMEE 2 H, i
B ureD .ureF 5 urgG &K A IR B 1 S B IE A
AW, RGBT Ay ikt G ke 2 AR IR
filf 1 Y DIRE, SRECTFEIRAE 1 1Y ureCBA A0 BE A
3 [R)  T Al 2 1 A J [H] ureF — R i, 45 2R
Ty BELVT TR B 0% 1, A 20 UE S T AE R IR A R T
1, ureF Zwit i AR FUR IR BRSO 7 R

Valentine ZEUHAH T 2415 525 iR A s
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