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Abstract: An efficient PHB-degrading fungus named PHBd-1 was isolated from activated sludge in this study. Through the
phylogenetic analysis and BLAST comparison with the fragment of ITS, the PHBd-1 was identified as Penicillium oxalicum.
The PHBd-1was inoculated in medium with unique carbon source of PHB and cultured for 4 days. Then a transparent circle
appears around the colony on the medium. The spore suspension of PHBd-1 was inoculated in the liquid medium with unique
carbon source of PHB. After 4 days, the degradation rates of PHB particle were more than 90% and the pH of the medium
decreased from 7.20 to 2.67. The content of 3-hydroxybutyrate reaches the highest value on 4th day, and the activity of PHB
degrading enzyme in the culture medium reached the highest when the pH was 4.5 and temperature was 30 C.
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(Alcaligenes) . )\E L (Comamonas) . i 5L &
(Pseudomonas) F1 1 3EFF 18 (Agrobacterium) 5 EL T 11,
it a (Aspergillus) . 1075 % 1A (Paecilomyces) T %%
(Penicillium) %57,

PHB A=W R st Ay He A B iR, 7 ik
Y& U B IR RN BE e A AP A}, TEANNAR 725 2 iR
fife s A, ANFIAEE S AN 22 8K, 53k PHB
RMERE AR, PHB ZEA1I A U S Ae e o™, (8
JERIERY PHB K& 2 HAA TR S 45 5 A1 dh Sk
A, PR 1 S R R S B W R A X BN, X il
B0 PHB APk S G am s, Hix -
M 20 A2 60 AEACTFIRFRLLTF R T3k Jy H i) TAE, IF
Eor e TECH A AT BEfE PHB RO AP, 7EFRE
PHB AHICHF 526 A5 AT R , 9% TR )
YA B PHB, AT ZR RIS K2 BRI 042 11 A
80T B RS, o s 2L R A % PHB
4R SOR=N:

TR A 2 AT T R IEANE TS e SR
H. FIRTE R AL I Z AN EESS , P TR ARG
e R AR TREF 4 R MG 25 e T
BRT B PHB s U A SO IR S e
Sy AR B —AR R AL PHB (W5 R 5 % PHBA-1,
FJEXH PHB BEEFFIEIEAT TR, BFE LA
PRTE PHB P b i 0 FHER A5 S .

1 #MREEE

11 BESHIE

YIS TR T 2014 4E 10 AR A RETH ARSI /K
AREETT. B 1.0 g TEMETSYE, BT 200mL LB &R
FeHPEIE 72h B 2mL SRR T 200mL
PHB-broth H4k£:553% 72h (28 °C, 150 r/min) . #4515
FRRAE LB Al ERIZe, BRECRTRVE AT 100 mL
LB &SSP RFR 72 h. 78 PHB AR E Rk 4
BB NwE. A4k 3 W, wmkima b
PHBd-1.

LB BT (g/L) : EFIFR 10.0, BEREHZERL
¥ 5.0, NaCl 5.0.

PHB-broth (g/L) : A T.iEE:r 10.0, NH,Cl 0.2
PHB 1.5 (4iF 98.0% , Goodfellow 23 7)) %),

LG 97 4 (g/L) : NaNO; 3.0, K,HPO, 1.0,
MgS0,7H,0 0.5, KC1 0.5, FeSO,4 0.01 FIHERE 30.0.

DL E$EFRIE pH = 7.2, [EAEEFRILTE Bk Jr
WIN 1.5% Bhilg. — 8 EhBE A B 37 R LIV 4 o K 7 B

R AN R FE T
1.2 BAMESESFENFESTE

K FH SR A E 2 O IR B SR 3.0% %K
FCRE 3L E 4Rl PHBA-1, 1 28 'C F4Mlk55% 6d Ml
9d, MEWEILA. WA R & a7,
WK A, BT A T T sl

B m s R SRR3R 3 d OB EETRVE , IR A
RS BB A . $REUERRSE N 4] DNA CRARA: LR H;
(Jb30) ABRA R, R E R @54 ITSI = 5'-
TCCGTAGGTGAACCTGCGG-3', ITS4 : 5-TCCTC
CGCTTATTGATATGC-3'#4T rDNA N % &[] g X
(ITS) J¥ A 4" 3. PCR S b f& & (50.0 uL) : Mix
25.0 L, ddH,O 17.5uL, 51914 2.5uL, DNA A
2.5uL. PCR JZ i 214 95 ‘CHiZE M 10.0 min; 95 C
PE 30, 56 ‘CiBk 30s, 72 CIEM 2 min, 30 ME
FR; 72 CHE(H 10 min. PCR P24k b AN AR R KL
BHEABRARINF. AR 1TS JPHI7E CBS Hdi
FEFIEATELXT, SR A Neighbor Joining A R 5 A&
B, SR Mega v5.0 #/4 Clustal W B TE
Z I A X, Al S5 KA AR Al 1 (maximum
likelihood estimation, MLE) B T RSk B,
H R A 1000 XK.
1.3  HEHRFEAE PHB Bk B4 5 47
13.1 JaT&EF&H%E

FRETRNEZE B IR 3L 28 CREFE 72h, A
TCR ALK, B Y NI R SomL B0
H, HA 3R TEELDAE TN, 7RG
FHK A NE R L B BR 25 TR 22 , FF TR A B R K sk
TEH 3 R, BHIERER R 500 mL, 1510 TEIF.
I BRI MR 7E s N I T ECE A 2.0 x
10°mL™".
1.3.2 B#k3TIHRAZ pH nl

B DMATLEE 12 20 He@ o aimha) 24
A 100.0mL PHB-broth 9 = i1, 28 °C .
150 t/min #RFEEFE. A HIFE 0.5.1.0.1.5.2.0.4.0,
6.0.8.0.10.0d & 3 M=, T 4°C.12000g
B0 S0 min BRAEZ, FIEWOHE e AHhuE, ot —
2. H Mettler FE20 £ pH 31U E pH. HiE
WHET 4 CORFORAE , TR B 1 e .
1.3.3 PHB #ks g Fm) 52

PHB [ fi R FH 22k e . B2 vk M &
PR 1.3.2 1. AR P 2228 KAB DL, X R SR T A
FALEE, LI/> PHB FURIFE 22 LRI, 4177
IR ZZI), B0 R UTIEE T 80% P K 7 W
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Bl 2h J5, F - 20 CRUK; URIG RERIFAERE IR
R W 2, BE 3 W HE Mg I8 4 PHB,
ZRIAKVES 3 K, 80 C T T/ 24h JafkE. HILT
AAEAET 22105, FHE PEIE AR nEUTIE , 258K 3
K, 80 CF T/ 24h J5Fki. X4 PHB JL-F-2pkkE
fife s, FHE PR AR URIIUE , Z8IR/K e 3 X, 80 C
T T4 24 h J5 Rk,
134 3-#ATRAENE

3 PRI T ERbRHESD (B REFH A R F], 4
95%) A1 5.0 mmol/L FRfmARIE K HIVE RHEM L, 3%
ETBRBERWE S5 K 0.05.1.0., 15,
2.0mg/mL. JE& A 2mol/L H,SO, R E pH =
2.0. MOREAAS 2 FLIR KL Jr ik« Welch Xtimate
Sugar-H A3t , 5.0 mmol/L i RV W R i sAH ,
FEIR 40 °C, it 0.6 mL/min, R 7R 25806 g ik
FrGmts,
1.3.5 MREE AN

SR FE AR P i i 0 b T s B A
DU O VEbR e 2. A LG E PHB 2R
ity AU W B X A 650 nm i
KIWGRE (Agso) AR 0.1 BN RGN 1 AN
J1H5i. PHB B PR 45 ¥ERFREL 0.3 ¢ PHB #
K, i 15.0mL S0, A 0.05¢ SDS KZznh
W 100 mL, #7130 min. RN, FZEEK
ERZE 100mL, #14 PHB FLIM, ECHUH. KA
pH 1 PHB FLALWE 535 H 8RR $2 22 i (pH 6.0,
50mmol/L ; pH 7.2 ~ 7.4, 10mmol/L ; pH 8.0,
50 mmol/L) I i FR £ 2% vp % (pH 4.5, 50 mmol/L)
il

DIE pH 6.0 2505, IREE 53028 30,40, 50 ‘CHY
fifE% 71, B 3.0mL PHB FLALIK B TR KIS ik
10 min, /A 3.0mL PHBd-1 B335 UEH , 40 min
Ja, F 650nm KR E N HT R WO B AR
fk. 7 30 °CF, 433iE pH N 4.5.6.0.7.2.8.0 &
P B 7, D3R L

2 HERE5HMW

21 EHRES

TER B R IREE E IR BN 6 K, BV HAR R
50 ~ 60 mm , W AR A 0, R TR O O TR 2R
@ ). FEERE 3.0% SEERETIREE E RS A KA
BAg, TRAR O, B IR 9 RIWKEAEN 70 ~

75 mm.

FUBBLEEB $35% B4

o~

() EEEIHEIRIE (b) 3% FhEEZEIRE S
1 AEEFEEFN PHBA-1 EEHE
Fig. 1 Morphology of PHBd-1 colonies in different me-
dium
R T W, AT RER A TR R 2, 1
REZER WU AR, R 4 A s AR R, R,
I3 AT (] 2) .

(a) BT (b) WZZ
2 Htk PHBd-17FAIE£LEE
Fig. 2 Morphology of spore and mycelium PHBd-1

KM AHIETE PHB BlEMR LR PHBA-1 Hi1H
. BiR Ad, WiE O RERS O, DGR G, ’
v Jo] Bl LR S R (8] 3) . it TRV B AR R, B
TE 31 2 74 B8 27w H 3 I 1) 325 B B, 2 B B T 0k

2.1cm.

3 PHBA-1E#k7E PHB3AE LK 2 TR EAE
Fig.3 Transparent circle around PHBd-1 colony on PHB
agar

2.2 Tk ITS B34S
FHECTE - S 14 ITS1/1TS4 % PHBA-1 FEAkIEST

PCR ¥4, 315 HAY i BR K B2 600 ~ 800 bp. M
CBS A8ttt tbxt, ¥ sk Rt Aeps (K 4) , 5K
ISR B R 5 7 (Penicillium oxalicum) BISTE—
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FIREE, %5, PRI PHB HRRIOE S0 Bt <11

e A A/ [T T
i, 4 SIS E AT, RZ Bk 4% Penicillium
oxalicum strain PHBd-1.
Penicillium oxalicum strain BR11MF802280.1
98 | Penicillium oxalicum strain NFML CH6 74KM458784.1

Penicillium oxalicum strain PHBd-1
Penicillium oxalicum strain X10-280(KJ939432.1)

Penicillium abidjanum(GU981582)
Penicillium bialowiezense strain(EU587315.1)
Cryptococcus gattii strain AFLP6 AIM F3016(JN939461.1)

4 EFEH PHBA-1M ITS FIBIMARGLER
Fig. 4 Phylogenetic tree based on ITS sequence of
PHBd-1

2.3 PHBFIfIPEMER 1Z5ik pHIN -EE TR =

16 10d MREFR R, PHB 0k A 0 T
I, 4d JE4EE 100% (B 5). SubEeT, 53R pH N
W TR, NWITAI) pH 7.2 BE R4 4 K pH
3.1, e T pH 2.8 £4.
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Fig. 5 Degrading rate of PHB particles and pH variations
of the medium
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Fig. 6 Content of 3-hydroxybutyrate in the medium
2.4 pHFNBEEX PHB &R EEE NN
Rl AR, JE IR B A AT i A S A
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(K 7).
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Fig. 7 Extracellular soluble protein content in the medium

B B, 78 30.40.,50 CRERSR 1.5d B
I 035 B dsc 0 (F&1 8) . il B8 AT N it 6 T 45
SPSS #AF4iiT4rHr, 1.5.2d B, 7E 30.40.50 CF
itk G 14 i 22 5+ (P<<0.05) ,2d JR L& 25 (P>
0.05).
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Fig.8 Effect of temperature on the degrading enzymatic
activity of PHB
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Fig.9 Effect of pH on the degrading enzymatic activity of
PHB
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3 W it

F 5 45O 5 28 M AR (Y A8 H— Wk
Xk PHB (B (Penicillium sp.) , H ¥R
P ARG 12.5% $225 51 20.0% . AP AR R e
BRI T R T —BEfR/ 343 T iRl (PBS/PHB) St
TR 4> R e I A AR B 5 1
T 25 AC R D IIF SRR 5 25 SRR, SER Y
e HE B B SR W P AR 60d R Y R R S Rk )
62% . MRIMAEIE 15 M 75 U8 F 43 B B T A% PHB
BRI, IE X OB R S P, PHB fe sk
HARIRE] 60% . MAMFSEH, Ni5KAEFE) iH M58
iS5 — bR IR 2 PHBA-1. 16 4d Ki3RA(A]
N, PHBd-1 X PHB FURLFEf#EEINE] 90.0% , & —Fk
A% PHB (TR

AW E L A I B AL A PHB i 8 T [ A
PHB, AR T 72 A 114 ik SR T R R LB AS
SR, PHB JUURLTE A SR AR T B, T2 S
TRIRAEY, R A R AR R TR
A, TEALIIE S S0 ATt PHB [
KA THERE R F2 7 pH )82 TR, & b+
PHB 4 R R BT 7= A= 1) fife SR AR gt B PT W 1k /N T
LR, B 3-FR3L TR S L — R kel — R {RSE. H5
FEHT 2d () PHB FEffAct, R 35858 TR & &
B, AR L B TR R K R 3Rk TR AT R
K. 2d ARG KRS SR PHB MEN,
PHB FEffs 2N, 3553 T IR & i THy. X LRES#R
BEEE 2 RERE SRR TG A IS, 5 R+
Wrh 3R TR BT I, AT RE R R R -3—
FEIE T R ER LAY Aot , AT B B A T
TP 3 FFE T RRBAUR NS 5 20 A4 A QI 7
FEFEL BRI pH BT T RE 2R RS 3-8
TR A T8, KRG W m T pH s R R, B
FIFIF 392 3E T RRAE M aR IR 2 SR, A= R
RWGal ™ A B D, S BRI R -3 TRERA
Bl P A ).

AFEAY T AR PHB ff R B HiE pH A
[, REZHRRN RIS pH MBMEER (pH 7.5 ~
9.8) , (H 7 IR MLl & (Pseudomonas  pickettii) FIZEAR
H %% (Penicillium funiculosum) MIAMA SRR & pH
Sy 5.5 F16.0P4. AHIFST i IR IR P HLBRZE pH
4.5 WS Sitcin, MPRTERG. pH 4.5 50F R, G

AEHEAREEE H358 F4

FERESR 4d BPIRBIGAE , Hiay pH A0 FAERESR 1.5d
IR BN, Z 52 N I TR, s )
AT A e A R, R PR R AR R o0 Rt - A
KIGF KR PHB OSSR, J5 X B 10
SO AN 825, DR I T R e e 4 T B R
AR ) PHB [ RFfR.

Bt B R AR Rt AR S TR E B
VIR A ST R Al T B 5 i 2 A TR A3
TS TR AE .
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