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| solation and identification of a high-efficiency phenol-degrading
fungi and the preparation of its microbial inoculum
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Abstract: [Background] Phenolic wastewater is toxic, widespread and difficult to be decomposed.
Biological treatment of phenolic wastewater has a broad application prospects due to its low cost and
no secondary pollution. In the microorganisms that can degrade phenol, the fungi are more adaptable
to the harsh environment than the bacteria. For the bottlenecks such as the short storage time of the
fungal suspension and the difficulties for transport, preparation of microbial inoculum can improve
cell viability and storage stability. [Objective] This paper tried to isolate an efficient
phenol-degrading fungi, optimize the degradation performance and select the appropriate carrier for
the preparation of its microbial inoculum. [Methods] Step-by-step domestication and purification
was used to isolate the efficient phenol-degrading fungi. The species identification was carried out by
ITS rDNA gene sequence analysis. The phenol degradation performance was further optimized by
single factor experiments. Four different materials was used as carriers for the preparation of the
microbial inoculum, then investigation of its preservation effect at different temperatures by
dilution-plate method and phenol degradation were tested. [Results] An efficient phenol-degrading
fungi named QWD1 was isolated and the identification proved it belonged to the Magnusiomyces
capitatus genus. The optimal degradation conditions were as follows. (NH,4),SO, as nitrogen source,
inoculum concentration 15%, pH 7.0, temperature 35 °C, nitrogen source concentration 14 mmol/L.
Under this condition, the removal rate of phenol was up to 97.15% in 28 hours. The optimum carrier
for the preparation of the fungi was cavings, the storage temperature was 4 °C and the storage time
can reach 90 days or even longer. The number of viable fungi was about 2.5x10° CFU/g, and the
effect of phenol-degrading was good. [Conclusion] A high-efficiency phenol-degrading fungi was
screened, for which the degradation performance was optimized, and it was prepared as the microbial
inoculum, which provided new strain and theoretical support for the treatment of phenolic
wastewater.

Keywords: Degradation of phenol, Fungi, Microbial inoculum, Carrier
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12 EHFE

(D) BERFW@QL): EAK 3.00, B
3.00, MgCl,7H,0 0.15, CaCl,0.10,

(2) TR (NH,),S0,0.396 g/L, 10%
NaCl 10.0 mL, EFFM[IK AL =LK 100 g,
MgSO47H,0 295 g, CaCl,-2H,0 3335 g,
FeSO,-7H,0 0.099 g, (NH4)eM0;0,4-4H,00.0093 g,
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Y12 1.0 pg/mL) 10.0 mL/L , K& T A (B
W 1.5 5285 J73%), ik 1 mol/L 7 NaOH 1 HCI
T pH.
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1.3 FEIRXFIFMNEE
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WHRIL =R L-REE R, KETRHERE 2=
AR FEI ATl HAGRh s sl
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WA, etk ERIETRE, PRI VE 2
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Figure 1 Effect of phenol concentration on degradation
ability of QWD1
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30 um

2 QWD1EERES 3 QWD1EFHBIEE
Figure2 Colony morphology of QWD1 Figure3 Environmental scanning electron microscope

photo of QWD1

66— Dipodascus oventensis CBS192.55 (AY788303)
Dipodascus oventensis CBS750.85 (AY788338)
Dipodascus starmeri CBS780.96 (AY788346)
Saprochaete saccharophila CBS625.85 (AY788333)
Dipodascus ingens CBS517.906 (AY788321)
Saprochaete fungicola CBS625.85 (AY788333)

56 79 Dipodascus tetrasperma CBS765.70 (AY788340)
Geotrichum fragrans CBS152.25 (AY788291)

Schizoblastosporion chiloense CBS8187 (AY788349)
L Dipodascus spicifer CBS244.85 (AY788308)

75 Saprochaete gigas AUMC10708 (KX376258)
{ Geotrichum gigas CBS126.76 (AY838940)
QWDI1 (MF716448)
Magnusiomyces capitatus AUMC (KX376252)
100 | Magnusiomyces capitatus ATCC28576 (KU729102)
Magnusiomyces capitatus ATCC28576 (KU729102)
ﬁ[ Sugivamaella chiloensis CBS8169 (KY 105565)
Sugivamaella chiloensis CBS4605 (KY 105564)
Sugivamaella smithiae SSA1644 (KX907708)
100 | Acaulospora ignota 268-8 (KP191472)
‘Acaulospam ignota 268-6 (KP191470)
30 — Ramariopsis corniculata 3811 (KM248910)
48 Khoyveromyees marxianus Y2-2 (KF646206)
W{ Kluyveromyces marxianus Ck104-A (KY773288)

Khuyveromyees marxianus Ck103-A (KY773286)

100

82

0.02
—

Bl 4 HE#k QWD ET ITSrDNA EREF5IR RSt i

Figure4 Thephylogenetic tree of QWD1 based on ITSrDNA gene sequence

TE: 55 PRE SERF S GenBank #5k'S, 73S AbbRiA AJRME, 0.02 45 RARKRIFHIESrEJE.

Note: Numbersin parentheses represent the sequences’ accession number in GenBank; The bootstrap values are shown at the node; Bar 0.02
represents sequence divergence.
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232 #EM=E
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100 -
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Phenol degradation rate (%)
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0‘4'8112‘I6I20I24‘28I32I
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5 AERIETE QWD HIZEREN & iR i 4 E

Figure 5 Degradation rate of phenol of strain QWD1
under different nitrogen sources
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PERTBHIE R, TIPRARAE W i 200 ML A i o

100-
80-
60-
40-

20

Phenol degradation rate (%)

6 AREIEMEREK QWD FYZRERFEHE ih £ &
Figure 6 Degradation rate of phenol of strain QWD1
under different inoculation amount
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TE N AR AL pH, 3 i IR BRI I 4 T
A= I B A AR R R ML o

WEWIG pH #5350k 4.0, 5.0, 6.0, 7.0,
8.0, 9.0 #110.0, 7EHk QWDL H:Fhih 15%. il
JEH 35 °C 4F FRE3% 28 h i), ZRERAR R AN
Pt 8 fizn. mitk QWD REfSAE KR IRk
pH YLk 4.0-10.0, FHAFE pH T £k
SRR A2 I i DX 1), Horp pH 7E 6.0-8.0 iR
Wy KBRS AR, IZTEEN 28 h IR

100 - 11.2
| S
£ gl {1.0
2
= {08 =
g 60r S
gt 106 =
s S
oh 40 z
s {04 2
) —=— Degradation rate o
_§ 20+ —o— Growth loa
0 1 1 1 1 1 0'0
20 25 30 35 40

Temperature (°C)

7 REXEN QWD1 FERRAREEREFNE KRR
Figure7 Effect of temperature on phenol degradation and
growth of strain QWD1

100~ 11.2
£ gof 110
[
= H0.8
g 60f )
= )
= 10.6 =
£ =
oo 401 Z
s 104 5
2 —s— Degradation rate
2 20r —o— Growth H0.2

0 L L | I Il ()()

40 50 60 70 80 90 100
pH

8 pH X E#k QWD1 FESFEMEMEAEFIE KBS
Figure 8 Effect of pH on phenol degradation and growth
of strain QWD1
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ARG IR IR ZS pH, KB pH #AT BT, 2D 7R
M R A 2 A B — S LR A P )=y, 2
JEC TR IR . TIEARR . BRIARR SRR,
S BAR AHLBEAR A 2
235 HUEIRE

R E YRS EERN R, A8
RIS I 2 2 TR W G T R R P AR S ik
BRIRWERREE S50 2, 6. 10, 14, 18 mmoal/L,
TEHE R QWD kN 15%., JREN 35 °C. pH
W 7.0 BSIET 835 28 hinf, IR AR MY
AN 9 iR o AT LA H U e B B e A K e
By BE TS E AN U A pH B3, BIRIEAIR
{1 2L R B T R DR 1 R e 38 n] LA GR 31 900042
o HA YRR E N 14 mmol/L B, FdkIIAED
R B, R R s, nl Lk E] 97.15%.

g5 AT, AT R A —SE R AR, AN
Jiang Z5EBNHIZG )y B L U IS4 [
500 mo/L AR B 5 32 hy BEE AR RIS Kk A
BB B AR B G R 28R GY 8 EfR
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Figure 9 Effect of nitrogen source concentration on
phenol degradation and growth of strain QWD1

1.0 g/L WIZEM T 2 48 h, QWD (R H 45 8 A Ty
i 52 0 R AT (R 2R T B AR, 28 h X 1 600 mg/L
(RIZR B R R s PT AR B 97.15%.

24 MEETIEIH &

I OX 63 P T 0] o (9 A 5 22 SR P A L ]
W, WY LU RR S MR, X IR TR
PEATEHE AL El-Naas 25132000 R A5 o i 7 [
TETERE CIGBERE 1 o T F R PR B 1 B 1
DR, AL R E R 2% . A = A )
PR T AR SEB R I ) BT, AR
VPR T IR 215 . SRR SR I B b R R
BRI, R 2R T T ) A O B I P T A P v BB A T
Wt
241 AEIEHKRBIRKE

FREBOR 2R R R4 50 g FHebh b, $bsEm
AR R TR S, HRI AR
W RS EARZEH | ARG RERT A 1E . SIS A
A HR | REBE AR A PRI ROK 35 25%
45%. 25%. 40%.

242 ARFRERETEFNEEH

BRI A AP AR P B R HL R, i
WA ) B 3 BRI RS M, DR R A 2511
AFNEF > HURAET 4 °C FIH IR (2525 °C) &1 T,
7£ 2. 10, 20, 35, 60, 90 dH}/3HIH 1 g 75

$A 100 mL JCRE K BHEIE Y 200 rimin4i&3% 2 h,
FAR AR RO ARG TR, s 3 A PAT
SR I

SRR 1R 2 R, ATUE S, SRR
AR 25 1 B RIS AL S AR A K R 22 HAR
Ko BT RFI A AR 2250, I e 56 1Y 0 ik
WA 2251(0 d AN [R] B 7] ) T P 250 2ol I o 2
S A 0 RV O TR BEEO TS B . AR £k
HY T MK PR AR, bR TR BRI A R T bk
(W B R 2, TR A RS A . R, 78
B 7 ] £ 58 B HTRE TSR] Y, B2 Bk A B
A FE R E D R A A L RA
W PRAFICER, AT DA RR A R 445 A i s otk

F1 A CREEHTARENNAYEEL
Table 1 The number of effective viable fungi of different
microbial inoculum of storagein 4 °C (x10° CFU/g)

BARER Time (d)

Carrier

e 2 10 20 35 60 90
(o 36,5 122 142 136 118 121 112
Vermiculite
EEk 66.4 2140 3280 607 105 0.00093 O
Wheat bran
FEwE 4 4170 145 170 430 223 140 120
Kieselguhr
Y 584 2400 2360 2410 2470 2500 2480
Cavings

*2 BERGFTARETHEHEEL

Table 2 The number of effective viable fungi of
different microbial inoculum of storage in normal
temperature (x10° CFU/qg)

bR Time (d)

Carrier

e ETE 2 10 20 35 60 90
[y 365 156 145 140 106 127 0.89
Vermiculite
2 ER 66.4 2720 2310 0.0008 O 0 0
Wheat bran
EwE 1 4170 530 5.07 360 3.03 267 161
Kieselguhr
i 5843140 3200 2780 890 625 420
Cavings
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TidsE, I T IEEE— K BeAh, AT
IEH, EARFEMRAARET, S iiE i
IFIA) 2 2 e —RE AR AL . DA A AR R 2R A
WRIEARFRET 90 d AR IHBAT W B AR
1k, 90 d I {9 2 K B 1.12x10° CFU/g i
1.2x10° CFU/g. LA NHEIARMEH SR 10 d
I TR RO 2 . 1A% 2.3x108 CFU/g, {HBE)S Pk
TRE, 4 °CIRAFRCRESH ISR AT o a3 Il
TERIVAZE N EARI AT pH B PRAE R E] 14 4
KR, MR B AT 32 5 B 5 5 1 T R A
RAERAET, HEME KA R AR T 22 K 5 A i S ey
DU AR 23 7 A e B 5 1R pH A2 1k,
R AR BRI B, DRI pH AR5 R B 4
AR BRI BRI, 1€ 4 °C RAFET, 90 d B 1Y
A R R — B R, ik 2.5%10° CFU/g
Zifi s 25 °CURA7RT, 7E 35 d B ATE R AT 4R T o
W7 & B LA A R AR I TR ) pH 4R 2 F8E 1E
6.0-7.0 /ity , i TAE AR TR B4 25 1
TR, I FHASARAE S A 28 A R A B (0 i
A ENE, 4°CIRERCRL T #IRARAE, WAl fR
£7-90 d $L 2 BT[]
243 AREMRFRE T B KB FERER
AR5 T RO AS BE AR I B 70 Ak B 5 8 R /K 1Y
B, BT LA B B TR I 1 R AR A A 1y R B e
B8] AR AL o K5 BRAF T 4 °C RN I (2525 °C) 2 Rl
FAF N DR EE AT # ER, 78 2. 10, 20, 35,
60. 90 d 43 51HK 0.1 g B FIINAE] 50 mL KBk
JE4 500 mg/L FIBHUE K H, WIE 24 h B R B
RffE, DA ERAE B R) r 8 DR PR R A 1 1
fef1. EHNE 10 IR 11 FoR, ATRAE S, 2 Fp
TR ORAT T I R 1 S BRSO Y A e sl
W LAZZ BB B B 500 4E 35 d Fi 10 d HiTEA
BLAF AP R RCR . 24 h PR T] LKA I R i
St4r; (HBELRAERT R AE R, BEAR AR AR P
TR DA AR - BRI R AE 2 P RAETRL
FET 24 h XA 1) KBRS i AN 5 o T LA B

100

Vermiculite
Wheat bran
Kieselguhr

Cavings

*®
<

60

£
[=)

Phenol degradation rate (%)

[
=

B 10 4°CRTF T REE TR YR
Figure 10 The phenol-degrading rates of different
microbial inoculum of storagein 4 °C

BARTEN], GBI 4 CHREHIRT, H#1F 90 d
I 24 h XERER A 22 BRR AT LUK B 100% 447 . 45
TR, DA R AR ) T R R 1) S BRSO
4,90 d 1N 4 °C FlH L CRAF IR R M A 48 5 1) 25 B
R E T A IE AR SR A Y —
(R LA 2 e AT A A A TG o, B RE ARG B B2k A £
Frim bk . 3 A A B AR ROR E A T T
JURME K AL ARG R BRI A FFHEm
JETRRAE N 5 A BE B A T W% B 1] 5 1 LT
SFWITAFE B e B Ky 282 mgll BRI R K R4 T Ak
B, 16 h (2R 2 BRE ] LA F] 100%.

100
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Bl Kicselguhr
%
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Figure 11  The phenol-degrading rates of different
microbial inoculum of storagein normal temperature
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3 W54

RV 2 TV K i WS ez —,
HIR R G ESEERR, T YRR
TR TG KA PR AR SN AN . AR TG
TWRTEYSEL S, WEIF R . B, REME
AN ] TR IR BERE i v 43 B ARAR T 2R
AR AN, AT KA TAE, (EX R
HLH BRI D . AT A RS AT) K&
158 H 43 B 7 16 H ) Magnusiomyces capitatus B
QWD1, H i i A A X HAE 5 1 2 K A # R e vy FH
I o X 5 e R P G A 1 S 36 Rl R EA T AR S R
B, FHES T AL T 40 B A — SERE R AT, QWD
T RE AR = A AL T RS AR AR, 28 h Xf
1 600 mg/L 4 ) R 22 B 281k 5] 97.15%.

IR, ABFFEERE TR a1 . BT
(AR B A R R TR 5], X BRI M R T Ak
W R DIE A | F2Ek . REEE L . AN
(18 TR 700 AN [ PR A7 305 TR BsF ) ) A AT T 4
PR AR, TEB T LR i T LB R IR
T8 HEAR T RERARAE, T EXRAEY T FE
FA AR, Horb DLARER B £ 1 TR AR
iR pH RUE, BANA RS A OISR
AR BARCRAT, PRAETI AT A% 90 d LK,

25 BT, AHESR 4 B AT B — Pk e VR B R I T
M PR RRSCR  FLIA T QWDL, FEilE T HR
FEME R TETER N FPREE I 0 [ AR TR
e TR K A i A A B T W L R
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