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W E: [88] HEFEHFF G (penicillin G, PENG) &AL H , JFAFAT 3 o MR 09 X 4k BE, HF
FEERENAMAERBEAA LR TR, [Fi%] vAF5EF G 4F(penicillin G potassium, PGK))‘J
A, BitE RIBATFEREBARN L AE—RRAERGANR, 20ARAFERARRKET SR
AR89 KAEBE I AT LA R R IAFF bk X 4k B, ﬁﬁfr}i—@éﬁﬁrﬁaiy A, @A
RF AN R B TR AR AmBA A A PGK A KT T AR R, [ER] AFORRAEFR
J& (Delftia sp.) PG-8 4645 &4 51 4] PGK ff A —m R A K, HAE pH 7.0. RE 35°C. RAMKE
7 10.00 mmol/L i £ I s A£ 69 R S M2 R Foam il £ KR JL. PgkA #8945 1B 1L PGK ik &7
[Kn=(99.19+19.45) pmol/L, ke/Kn=(1.96+£0.55)x10°> L/(mol-s)], 5 & % & 5 48 % 2 49 B- A Btk
B A8 bt PgkA ELAT M 4F 69 BtfbAC R . PgkB LA 1B PGK f&/%, f2 3t k40 49 3 A= A4 H PgkA
8 1/5, HJRMIELBCE ALK, B4k PG-8-ApgkAd F= PG-8-ApgkB W& A= 4] F) PGK £ K9 ¥ 2
F T, HPG-8-Apgkd #6 ) TIEE AR, & ARE R pgkd F= pgkB 4 PG-8-ApgkAB 75 #% 14 %
—EEFWRY, 12LEAF PGK A E—m B A K., [4i£] PG-8 KR KAFEH BT H —Hbk
9% A B PGK AE 4ok — 2 R A K GG B #k, pgkd F= pgkB f& PG-8 #| | PGK 1k 4 °k —#% R £ K it 42
FTHER TR ARG, 12 pgkd A2 EFAEA .
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Characteristics and molecular mechanisms of penicillin G
degradation by Delftia sp. PG-8

MIN Jun'’, SUN Menghui'?, FANG Suyun', XU Lingxue', ZHANG Yahui'?, HU Xiaoke"

1 Key Laboratory of Coastal Biology and Biological Resource Industry, Yantai Institute of Coastal Zone Research,
Chinese Academy of Sciences, Yantai, Shandong, China

2 University of Chinese Academy of Sciences, Beijing, China

Abstract: [Objective] To screen out a strain with the ability to degrade penicillin G (PENG) and
identify the key enzymes involved in PENG catabolism, providing strain and gene resources for the
biological treatment of penicillin waste. [Methods] Bacterial strains capable of utilizing penicillin
G potassium (PGK) as the sole carbon source were screened by enrichment culture. Key enzymes
involved in the catabolism of PGK were identified by genome and transcriptome analyses, and
their evolutionary origins were examined. The key enzymes were expressed and purified, and
their kinetics were analyzed. The physiological roles of the key genes in bacterial growth on
PGK were revealed by gene knockout and complementation. [Results] The obtained strain Delftia
sp. PG-8 can degrade PGK and utilize it as the sole carbon source for growth. The strain
showed the best performance in PENG degradation and growth at pH 7.0, 35 °C, and 10.00 mmol/L
PGK. PgkA catalyzed the rapid degradation of PGK, with K;;=(99.19+£19.45) umol/L and kca/ K=
(1.96+0.55)x10° L/(mol‘s). Compared with the functionally characterized p-lactamases, PgkA had
a unique evolutionary origin. PgkB also had the ability to catalyze the transformation of PGK,
while its substrate affinity was only 1/5 that of PgkA, in addition to the lower catalytic efficiency.
The degradation and utilization of PGK for growth by strains PG-8-Apgk4 and PG-8-ApgkB were
significantly reduced, with PG-8-Apgkd showing a more pronounced decline. Although
PG-8-ApgkAB, in which both pgkA4 and pgkB were knocked out, still degraded a certain amount of
substrate, it was almost unable to use PGK as the sole carbon source for growth. [Conclusion] PG-8
is the first strain of Delftia capable of using PGK as the sole carbon source for growth. Both pgkA4
and pgkB play important physiological roles during PG-8 growth on PGK, with pgkA playing a
dominant role.

Keywords: penicillin G degradation; Delftia; screening and identification; enzymatic analysis;
degradation mechanism
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gk . & PO A E YR AR R SRR T E
Kok ELh N2k a5 Wi 251 %5k i )
WL RIEREE I Rr e BB s & T i 2540
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AR TR B2 BB S i Ut 24 20 PR 2 6 RN i
I AR, JE B e Bk ™ B Ak
EHEEHLTSL,

TEREEZ PR T B-INBEI R PUAE R
AR RN i Az, ekl E R T g
B 65% A0, v EE N SRk R PiA R
AU AR R 2R BT R 75%,
Hod 2020 £ H % % G (penicillin G, PENG) A 4
ERIAE R &7 e ik 32.02% M), S BN R R
G 7EABRUTFRY v 1) e i W B2 36 974 pg/kg!™,
C O EH ARG IY), b Z WA
AR AE RN EERNEREZ —,
PAliTh, B 1t AR A2 8-10 t HLAE
FWEEY, DEEE LA, RESE
REFmAN 1S5 T, HpEmgigdh &g
15 7 t HRRMEN, Pk RmlSamEit
R MR Z AT, 40+ 5 R Wik
HRHETEEIE 090-1.10 gke'®, N #HHE
PR B AL BT AR AR A F R — N E K
PR BeAh, Tl AR S R A
FKAR JG AL 2338 oF B W 8 6 3 AR FRTH A 3
R RN IR S e YRR, SR
ST 2 B BP0

X TP AR 25 TR I 8 Ak B R % TR L R
B AR A B AR R AR L R Rk
VAP TCFEAAL E RIS REFRR . WAEY
HAWGERM AL NI RE ST, XA REZ 0t
AERTEYY, AT AEIE L PE AL AE N Y o A A i
ARG EAFRE S . H 2008 4 Dantas S54RIE T
WS PENG 141535 AR W O 4 e ) 5 27
U R Rl T DY Bl 2 00 B M, LA A K
W J& (Paracoccus) . 108 [N T# & (Serratia) . ¥HZ
[ KT 1 & (Sphingobacterium). 56 &5 1A K H J&
(Klebsiella) . #¢ 4 BR 1 J& (Chelatococcus) . kT
i J& (Enterobacter) 5 , T H.—YE [ 18 43 e A il
PENG MCf ik 72 A 1P il . Paracoccus
sp. KDSPL-02 [%f# PENG I 15 5cim i B- 4 Bt ik
IROK A T B E R R, AR5 KA A R O TR
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FEM T 6-ZREFHFE LR R =Y, ks
PEAT WA 0 IHR 12 52 B PENG &M, {Hi%
T8 AR R 5 B4 35 DR TR o G 25 2 P8 Croffts 4517
Y 4 bk G50 E W o dh S2 SR WS R A PENG
BF 0 A 2 B AR P R A R AR 5T K
PENG F#fif, FFURE T K75 A ML TR DRI B A
WA TR BB . F it , Zhang ZECPOYERFSY
Sphingobacterium sp. SQW 1 s} 1] FH 41 g AR B
A=Wy Ak PENG A6 2] 22 4> S8 BLA ] 7= 4
D2 AR A% PENG ] BEAFAE 3 A& fe .
SQW 1 F&l i FUHH il ¥ K% fit PENG ¥ L) B- A ik i
B IR AR, ARG 2 AR A T U R
ZSCH PENG M58t ik i b a4t =4
HEMZ bR A% PENG b 0] REFELESS 3 4R 4%,
BY Hy kS5 7 WAL 15 PENG [ M 28 2K 2 F
6-Z LT R RERAC . SR, KRR P & i
IRAR W 26 B2 5L TR = W r A, =
)3 R R 22 A5

H i1 19 75 5 R B T D e UL PENG
R ME— R R A K R AR SRR R . 2B
IR TR IIRE A SE 22, = X PENG F#f#
SRR RN L R OB 9 . AR ST T B R BN
i 8 B IR R A T s 2R — BRRE N R A PENG
FERFHH R ofE— B A K O 40 R PG-8 (PR
CCTCC M 2024394); HE—EWF55 T PG-8 [ fikt
PENG HH¢, F:X25 PENG g ¢ di It
RHEAT T il . B ai b #o8r, [R5
WE T OCHESRL N A A BB . AR B
R AL 24 2 1 R 50 8B T 40 B %A PENG 1
LS, YU R A UE AL B Dy T B A
RN AT

1 AR5

1.1 ExE

LB 55 M (g/L): A 10.00, Rk
B 5.00, NaCl5.00, 121 °CKHF 20 min, JCHL
£ 1% 7% B (minimal medium, MM) (g/L): K,HPO,
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0.76, KH,PO, 0.19, (NH4),SO; 1.00, MgSO,
1.00, fEITREBSECH 1.00%, FHFHFIHTA
[l pH, 121 °CKE 20 min, [ F7 I
WAREE SR I I A SRR Ay, FLPT AR Ry
1.50%.
1.2 5|4, Bk, EHRSIEAREN
ARBFFEATG I FE 1, HERRA TR W3 2.
Delfiia sp. PG-8 ¢ H.OEAFBRTE LB s Jin A )ik
% % %= G 8 (penicillin G potassium, PGK) A9
MM HRR 3% . KA 7E LB K5 R v
37 °CHi Ff o MIAERBIMAWRE . RIKER

1.3 BEHRHIIFIEFEE

B 1.00 g 7 8 2 B B A 100.00 mL
MM W HEIE R, A 5.00 mmol/L PGK Ji7,
TF- 150 t/min FER PG FE 5 do BU 1 mL 3598 %
TR R R, R MERE 3 k. BU R
W 10 {560 BE A R, ORI 51U A 7E DL PGK
(5.00 mmol/L) A ME—fil i ) MM P-4 |-, 30 °C
K% 3 d, BRECRREE— SR alifh . PR
SR FRAN TR S AT R L R R
FLH 16S IRNA KK F51) 04T

4 50.00 pg/mL,
ARFFE N 34.00 pg/mL, PUIFZEH 20.00 pg/mL.

Z NI RR N 100.00 pg/mL,

*1 AKWRETASI

Table 1

Primers used in this study

bk PG-8 7E LB Ji FR I 32 E ODgoo 2
M 0.6, 25°C. 5000 r/min 5.0 5 min IWEH
K, FEH MM 3% 3 IRE 2 7F, RIHEES

Primers name

Primer sequences (5'—3")"

Purpose

To amplify 16S rRNA gene

To amplify pgkA gene
for expression

To amplify pgkB gene
for expression

To amplify upstream fragment
of pgkA for gene knockout

To amplify downstream fragment
of pgkA for gene knockout

To amplify upstream fragment
of pgkB for gene knockout

To amplify downstream fragment
of pgkB for gene knockout

To amplify chloramphenicol resistance
gene of pgkA for gene knockout

To amplify chloramphenicol resistance
gene of pgkB for gene knockout

To amplify pgkA for
gene complementation

To amplify pgkB for

27-F AGAGTTTGATCMTGGCTCAG

1492-R TACGGYTACCTTGTTACGACTT

PpgkA-F CGCGGCAGCATGACGGGCGGCGCGGC

pgkA-R CAAAACAGCCTCAGCCTTGCACTGCTGCC

PpgkB-F ATCACAGCAGCGGCCTGGTGATGTCACCGATGGTGGCGAAGG
PpgkB-R TCTCATCCGCCAAAACAGCCTTACAACTTCTTGACCAGGAC
KO-pgkd,-F  TATGACCATGATTACGAATTCGGGCGTCCGTGGCTATTG
KO-pgkd,-R  CGTGCCGATCACAGAAAATCGCGTCTTTGCAT

KO-pgkA, F  TATGTCTATTGCTGCGCCACCATGTCGC

KO-pgkA;R  TGCCTGCAGGTCGACTCTAGAGTCGCCCTTCGGCTTCTC
KO-pgkB,-F  TATGACCATGATTACGAATTCCAAAAAAACAGGGGGCTGC
KO-pgkB,-R  AACCTCTTACGTGCCGATCACCCCCTGAGGCGCTGTGC
KO-pgkB,F  TGTCTATTACCACGCAAGGCGCCCCC

KO-pgkB;R ~ TGCCTGCAGGTCGACTCTAGACCGGCGCAGCGCCTCCTG
KO-Cmpgkd-F GATTTTCTGTGATCGGCACGTAAGAGGTTC

KO-Cmpgkd-R GTGGCGCAGCAATAGACATAAGCGGCTATTTAACGA
KO-CmpgkB-F TGATCGGCACGTAAGAGGTTC

KO-CmpgkB-R GCCTTGCGTGGTAATAGACATAAGCGGCTATTTAACGA
PRK-pgkd-F  AAAACGACGGCCAGTGAATTCATGACGGGCGGCGCGGCC
PRK-pgkd-R  GACCATGATTACGCCAAGCTTTCAGCCTTGCACTGCTGCC
PRK-pgkB-F  AAAACGACGGCCAGTGAATTCGTGCAGCAGGGCCGATTT
PRK-pgkB-R  TGCCTGCAGGTCGACTCTAGATTACAACTTCTTGACCAGGACCTG gene complementation

http://journals.im.ac.cn/actamicrocn
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R/2 AP REMRABRAL
Table 2 Bacterial strains and plasmids used in this study
Strain or plasmid ~ Relevant genotype or characteristic(s) Source
Delftia sp.
PG-8 PGK utilizer, wild type This study
PG-8-ApgkA PG-8 mutant with pgkA gene deleted This study
PG-8-ApgkA pgkA gene was complemented by pRK415-pgk4 in PG-8-ApgkA This study
[PRK-pgkA]
PG-8-ApgkB PG-8 mutant with pgkB gene deleted This study
PG-8-ApgkB pgkB gene was complemented by pRK415-pgkB in PG-8-ApgkB This study
[PRK-pgkB]
PG-8-ApgkAB PG-8 mutant with pgk4B gene deleted This study
E. coli
DH5a supE44 lacU169 (980lacZAM15) recAl endAl hsdR17 thi-1 gyrA96 relAl Novagen
WM3064 Donor strain for conjugation, 2,6-diaminopimelic acid auxotroph: thrB1004 pro thirpsLhsdS Lab stock
lacZAM15 RP4-1360 A(araBAD)567 AdapA1341::[ermpir(wt)]
TOP10 Receptive state, protein expression Lab stock
Plasmids
pBADI18 Expression vector, Kan® Novagen
pEX18Tc Gene knockout vector, oriT", sacB*, TcR Lab stock
pRK415 Broad host range vector, Tc® Lab stock
pBAD-pgkA EcoR 1/Xba 1 fragment containing pgkA cloned into pBAD18 This study
pBAD-pgkB EcoR 1/Xba 1 fragment containing pgkB cloned into pBAD18 This study
pEX18Tc-pgkd  pgkA gene knockout vector containing two DNA fragments homologous to the upstream and This study
downstream regions of the pgkA
pEX18Tc-pgkB  pgkB gene knockout vector containing two DNA fragments homologous to the upstream and This study
downstream regions of the pgkB
pEX18Tc-pgkAB  pgkAB gene knockout vector containing two DNA fragments homologous to the upstream and This study
downstream regions of the pgkAB
pRK415-pgkA pgkA gene complementation vector by cloning pgkA into the Xba I/EcoR 1 restriction site of This study
pRK415
pRK415-pgkB pgkB gene complementation vector by cloning pgkB into the Xba I/EcoR 1 restriction site of This study

pRK415

47 5.00 mmol/L PGK ) MM ', {fi %] iy ODeoo
2550 0.1, $HETE 30 °C, 150 r/min 5508 F ;9%
7d, ERFBUREIINE ODgoo FURYIMEIE . ML
fLTH Bk PG-8 [#ff PGK My AE 514, 20 5o i
AN[A] pH (5.0-9.0) . RFEE(20-40 °C). WIRIKPHk
J& (1.00-40.00 mmol/L) X B ¥k PG-8 i 4 Y
o, BREAHWE 3 HTATER, HFURSAE
PGK HIRE AR IR

>4 actamicro@im.ac.cn, 7 010-64807516

1.4 S5 otHh

B Bk PG-8 1E % A 2.00 mmol/L 7 %5 K 1)
MM 185 3% 2 ODgoo 4 0.3, il A 1.00 mmol/L
PGK 155 3 h, DIARMAJEYIFES XTI, %
B3 HAT IR . B0 ISR T A (8 000%g,
5 min), i 20.00 mmol/L B & 2% #h i (pH 7.5)7%
UE 2 RIEETE, {f ODgoo 9 2.0, JILA 2.00 mmol/L
JEE W i 7E I IORE (0.50 mL), FF A SRR Y H
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B ZUPR % S min 2R A0HE . ARG B O
(15 000xg, 30 min), HX 37847 HPLC 4347, il
it LC-MS #4700 % o
1.5 EFEBFFERLENE

PEEUA BR PG-8 K 4] DNA, JFEdL5tif
R BB B A R W 58 B ALY
Pk PG-8 76547 2.00 mmol/L FZ5BEH) MM rh ks
F£ % ODgoo 4 0.3, JILA 1.00 mmol/L Y PGK &,
HABECT )IE S 3 h JF I A, S AR
JE HEA T SR IT o
1.6 ERFIESHK

K 150 5P 1 pgkd F pgkB
FePH, i In-Fusion® HD Cloning Kit [5/E#) T
FECRIE) A FRARIPR H 1 R Bi 5 458 EcoR 1Al
Xba 1 WGV pBADIS AR T RE, 441k
FIRHRE E. coli TOP10, K FR R E &R
AREFZE A LB KigEdtrf, 37°C, 180 r/min Fi#R &
ODsgoo 5 0.6, TMAZYEEE 0.10% Y L-FlHi A4k
16°C, 120 r/mini%S 8 h, ZJ5 4°C. 5000 r/min
B0 10 min WAR TR, T 1Y 50.00 mmol/L
WM 2% v (pH 7.5)1H Uk 2 K5 E8:, TEVOKIR
WA RE(RERE 5's, 55 7's) 20 min, 40T
TE 4°C, 20000xg &5.L> 45 min J5, FIHERIIAS
A Ni*-NTA #5284, I 50.00 mmol/L
WEIRZZ P (pH 7.5) 1 MR (I A, BRISARES &1
HRIZ T o AR & A AS ] e B K sk (40.00
80.00, 120.00. 250.00 mmol/L) )k 2 2% i itk
FrUEfi . FEANZ SDS-PAGE 20, EHH Y
BB — R BT R . BRI
JH Ultra-15 #8384 (808 7> ¥ 10 kDa, Merck
Millipore 23 Fl)ie4d fi FH TG P AT o
1.7 BEEFESHFIEE

5.00 mL PgkA M 1% M & N & R 0§
50.00 mmol/L # 2 2% ¥ (pH 7.5). 14.60 ug
PgkA (NS PgkA R Xt HR), JilA 0.10 mmol/L
IS, TE 30 °CIA Bl | N . PgkA B F v 3 7

FARFR: FE S mL BERR S MW (pH 7.5) I A
5.90 ug PgkA, K J5 in AN [ ¥k B B IR W
(15.00-285.00 pumol/L)JA Bl K g, 30 s HUFE 11K,
I S7 BRI A S R R BRI, 25 °C
12 000 r/min & 0> 10 min /5 i i3 HPLC #17
Lioalll8

5.00 mL PgkB i i T & N & & 0§
50.00 mmol/L iR 2% ¥} ¥ (pH 7.5). 40.40 pg
PgkB (AN I PgkB A xf #R), Sl A 0.50 mmol/L
Y, 1630 °CIR B . PgkB B#{E N 5l 12
K& . 7€ 5.00 mL R 2% th % W (pH 7.5) A
40.40 pg PgkB, FifiJE N AJEH(0.10-1.00 mmol/L)
JABh N, 4F 2 min B 1 YEE, BEJS SR A
AR PR EE E R, 25 °C, 12 000 r/min 720>
10 min 5347 HPLC 4347,
1.8 &= i 8 & i (high performance
liquid chromatography, HPLC)F1;®&tH &
T - R i Bk A (Y (liquid chromatograph
mass spectrometer, LC-MS)%3#ft

HPLC 53Hrk B (54 Agilent ZORBAX
Eclipse XDB-C18 column {f}%#(250 mmx4.6 mm,
5um). WANAHAL AL : WAhAH A SHIRBU 0k
0.10% MIBERR /KIS, WA B W BE, BEEE
Ve AL . 0-20 min, 33% B £k &=
90% B, FEREEF 20 min; ZRJ57E 0.1 min PN EHT
151 33% B, FHFEEREE 4.9 min J&5HR . WE N
1.00 mL/min, #F & R £ 7E 30 °C, #HEH
10.00 puL, A 215 nm,

LC-MS %3 #7 % Ji] Waters BEH C18 {0, i¥% 44
(2.1 mmx50 mm, 1.7 um)FEAT50H7, AR 4ERFTE
30 °C. WA RT3 ECH 0.10% BYRERR K i
W (A AH)FIH BB A ZH A, Y 1.00 mL/min.
K FHRREE VR TR . 0-20 min P A AHM 67% 2%
PEFEZE 10%, 20-25 min K2 & 67% A #1, JEEE
RN 10.00 L. #E4H4 UPLC Wi G, fEIE
B R 3E A W55 A S (BSTHE A A

http://journals.im.ac.cn/actamicrocn
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ESI-MS £ fFi% & . BAE & 3.00 kv, HIE
JE 150 °C, WiiE AR 400 °C, R (H)E
99.90%)VE MR, ik 800 L/h.
1.9 pgkA F1 pgkB WIEE B & F1E 4}

[R5 B4 92 56 5% ] In-Fusion™ HD Cloning
Kit $ H A9 FE R 8 _EFEF R 220 1 kb 1 B LA K
AR ZPUPEF R E 32 3] EcoR 1 A1 Hind 111 F 1]
i) pEX18Tc I, %44k E. coli DHSa,, 52555
Bi(F 2). WAL R 2,6- &I R
(2,6-DAP)E FRELFE AL E. coli WM3064 H1 . #
B % BB WM3064 7E & A 0.30 mmol/L
2,6-DAP [ LB ¥ 32 3 B2 32 % ODgoy M 0.6,
SRJE 5 PG-8 WMkIEG, 7E% 2,6-DAP 1ty LB 5
FRIF-M B R . LB E IR A R
2, FEREAAT 25 34.00 ng/mL G55 2 T &
RFLE R 10% P ERE Y LB 35 38 5 b, #k
WHEABEN T, JERIH PCR AN P 4808 58
ARk

FEE AR 1 B0k pRK415 SC8,
pgkA Tl pgkB FE K 53 5|5 455 EcoR 1 Al Xba 1 i
YK pRK415 AR EE B ANTORL (R 2), HFELE
PG-8 275 R, I3 vk 4 B M v
1.10 FEHEMEREFI RS

PR PG-8 i 6 T~ v [ gl A0 8% 5% ) O b
L, 45 h CCTCC M 2024394, T# % PG-8 HY
16S rIRNA FE[H | pgkd . pgkB J¥41 C.7F NCBI [
GenBank %4 #if 2 W A7 4, ¥ 515 4 5K
PP077309. PV522064 Fll PV522065,

2 BERE54M

2.1 Delftia sp. PG-8 BITHEFILEE

I AR, TR A I R —
RERE SR PGK TR AR . 824 [OY 0 R IZ R AR N
Bt [CBAEAN R, A BB R LS
FFFIR(E 1A), FET 16S rRNA FEH FEHI R EERY
ARG K EMN R, %A )E AR R
(Delfiia) (K1 1B), ¥ HAax# R PG-8, FFORE T

>4 actamicro@im.ac.cn, 7 010-64807516

rh ] R 1% 5 W O o0 (G5 CCTCC M
2024394), HHEtk PG-8 SR F L PGK hME—ffk
TR TCHLER B SR rh, IR i, A=
TH(ODgoo) TEFERN G HY 12 h PN R A 5, X
2 B TR B AR %ok 4 0 B RO
SRINT, B 0 10— 20 688 fige R 5 5 B ] ) A
K, AR BN, X0 Uil PG-8 fig
FIF PGK A A ME—B AT A (K] 1C), ASHF
FRI, PG-8 JEA /R AT 4 b rh 35 — kg
KA PGK IR I A Rl A K A AT A
2.2 PG-8 %f PGK HUP&RF MR

F R PG-8 EURKFFHEE A —kne i
R A PGK I I R — B A K i 4,
R AN AR PGK RIEA Bdiase b, Hitk, A
W — 8 TASIE pH. IR | YIRS
PR PG-8 [/ PGK sz, Lk 7Y%
fif AN TR A K I Bl SRR, W R SR B 2 AR
PEECE S
22.1 A[E pH MEYIERMAREKD
A

MICHLER B R LAY pH 7E 5.0-9.0 I FBI I B
Pk PG-8 HREPLE %A% PGK, {H pH 7 7.0, 8.0,
9.0 Fif 14) R i 3o 2 W {55 1 pH 5.0 1 6.0 Fif (14 %
fift T 2 (E 2A) 24 pH 4 8.0 I B ik PG-8 F#fift
PGK (R AR, 12 h RSS2 Bl ) ih vk 2
4 5.00 mmol/L Y PGK. 4 pH & 5.0 B} IKH) A
KRR, UiRH PGK ERRTEIA B Th A%
B, SREARKE. SIKYREMARE, #k
PG-8 7E pH 5.0 F1 6.0 Z&1F F WL K F 0L T
pH 7.0, 8.0, 9.0 £/ N ERKG LK 2B), %
M4 5 Zhang ZFPO RS Z5 FARRL, HEN AT A8
JERRPE ST PGK 1 F & BEAf 2208 55 514 20
MpEmEtE, WmA R FamEAK . BHik, 2
BEEME LR IEHMIEY A MM, Fat
1E pH 7.0 FEAT IR YR A A o A Ko
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Figure 1 Screening and identification of strain PG-8. A: Scanning electron microscope image of strain PG-8; B:
Phylogenetic tree of strain PG-8 based on 16S rRNA gene sequence [The serial numbers in parentheses are the
genomic serial numbers of the bacteria; The numbers on the branch points are support values representing the
credibility of the branch (the higher the value, the higher the credibility), and the scale indicates the genetic

distance]; C: Growth of strain PG-8 using penicillin G as the sole carbon source.
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Figure 2 Effects of different pH on substrate degradation and bacterial growth. A: Effect of different pH on the
degradation of penicillin G by strain PG-8; B: Effect of different pH on the growth of strain PG-8.
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Figure 3  Effects of different temperatures on substrate degradation and bacterial growth. A: Effect of different
temperatures on the degradation of penicillin G by strain PG-8; B: Effect of different temperatures on the growth
of strain PG-8.
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Figure 4 Effects of different initial concentrations of penicillin G on substrate degradation and bacterial growth.

A: Effect of different substrate concentrations on the degradation of penicillin G by strain PG-8; B: Effect of

different substrate concentrations on the growth of strain PG-8.
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Figure 5 Biotransformation of PGK by strain PG-8 and the identification of intermediate metabolites. A:
Degradation of PGK by induced and non-induced strains; B: HPLC detection of intermediate metabolites; C-F:

Mass spectrometry analysis of intermediate metabolites.
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Figure 6 Neighbor-joining tree showing the phylogenetic relationships of PgkA and PgkB their homologous
proteins. A: Phylogenetic relationship of PgkA with other functionally validated fj-lactamases; B: Phylogenetic
relationship of PgkB with the amino acid N-acetyltransferases from other bacterial genera; C: Organization of the

pgk gene cluster.
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Figure 7 Purification and enzyme kinetics analysis of PgkA (A) and PgkB (B).
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Figure 8 Degradation by strain PG-8 and its mutants (A) and growth using PGK as the sole carbon source (B).
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I PR R R i T R . A
M Dantas %4218 T F#fF PENG 24055 55 A4 1)
(RS 5e FE) ST, 45 b o ik v B 2 40 B 2
SE . HATBEREf# PENG WA A 11 BR(E 3),
BAA D EO LR T RE RS A H PENG M —filk
AR, B, Paracoccus sp. KDSPL-02%
Sphingobacterium sp. SQWI1PY 7 K i ¥
(E. hormaechei)y WM1P Fl fili 48 wi 75 1A [
(K. pneumoniae) Z1P ¢ #] il PENG 4 K 3 &
HORE r AR 240 120 9. 24 h %€ 4 [ R
800.00-1 200.00 ., 632.92, 10.00. 300.00 mg/L

R3 TREAEXNBEERGHIFEMRER
Table 3 Degradation of PENG by different strains

B . Chelatococcus sp. PC-2 BEIELIHEH R G
VR A ME— B IR AR TR B b A K, HAE R TR
IR ZE T X 400.00 mg/L 75 5 R 800 kR
ik 98.00%1, LAl H AT 2 AU 1Y B AR A
*hIEAS MR R IR A BEA R PENG. Bilan,
2R v 2 /R 5 [ B (Burkholderia cenocepacia)
176 JLF- RS 300.00 mg/L i) PENG, {HAMFE
WA TR 24 h BT 99.98%1, i fi il 4
T ZE T 1 (Actinobacillus pleuropneumoniae) 3060
TE U e 2R 115 &0 B BEAS K 1.00 mg/L ¥k JiE
() PENG i 4 000, 38 45 JL AR 40 B8 7 8 il
HAMBRIR S5 T BB i PENG, HIEEEIKY
6 AR (3R 3) AWFIE T B 2 1A I i
82| 1Y) Delfiia sp. PG-8 BE T 3 & HH K G
B, JF DAH A ME— BRI S#E T A2 K, B 7E pH
5.0-9.0. 25-40 CHAMH TR LM T HE G
B UL R MR LA ORI PR AE W M. A,
PG-8 T i W& B2 JiC W) 45 11 0 A7 O 41 ¢ v AR
TEPE . MPILRE R R GBIV 20.00 mmol/L
(7 450.00 mg/L)H, TR RE 6 4 P AR IS JF 58
BN A= s B A RS 4 MR 40.00 mmol/L
(14 900.00 mg/L) &1 M EA 95.20% MIRFEMFAL

Strain Substrate concentration Degradation time (h)  Degradation rate (%)
(mg/L)
Delftia sp. PG-8* 7 450.00 (14 900.00) 18 (48) 100.00 (95.20)
Paracoccus sp. KDSPL-02+*[] 800.00-1 200.00 24 100.00
Sphingobacterium sp. SQW1*13% 632.92 12 97.04
Chelatococcus sp. PC-2*C1] 400.00 98.00
Enterobacter hormaechei WM1*52) 10.00 9 100.00
Klebsiella pneumoniae Z1*1! 300.00 24 99.90
RhodotoruLa mucilaginous Anti-Pen208%! 20 000.00 24 85.00
Burkholderia cenocepacia JZ61*) 300.00 24 99.98
Actinobacillus pleuropneumoniae 30605 1.00 - 100.00
Serratia sp. RE” 10.00 336 84.03
Pseudomonas putida® 3.00 960 36.00
Bacillus stearothermophilu™ 1 500.00 72 70.00-80.00

*: Strains capable of utilizing penicillin G as the sole carbon source; —: The degradation time is unknown.
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Full name of the strain:
Delftia sp. PG-8

Paracoccus sp. KDSPL-02
Pseudomonas ABC07
Sphingobacterium sp. SQW1
Klebsiella pneumoniae 7.1

Figure 9 The metabolic pathway of PENG in the catabolism of the strain.
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