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The main objective of this study was to optimize the culture
condition for enhanced growth of Paenibacillus tritici strain
PH55-1 which was reported as the diazinon biodegradable
microorganism having several genes related to degradation of
organophosphorus pesticides in the previous study. In this
study, the optimized media composition and culture conditions
were explored by using the response surface methodology.
Through the Plackett-Burman design (PBD), D-mannitol,
defatted soy flour, and molybdenum were verified as the best
medium components, and the temperature was confirmed as
most important environmental factor of the growth of strain
PH55-1. The central composite design (CCD) predicted the
optimal concentration of D-mannitol, defatted soy flour, and
molybdenum were 3.7%, 5.46%, and 2.2 mM, respectively,
and the optimal temperature was 33.8°C for optimal growth of
strain PH55-1. The predicted maximum bacterial growth of
strain PH55-1 was 9.67 x 10° CFU/ml in the optimum condition,
and the confirmed cell density by the subsequent validation
experiment was 3.21 x 10° CFU/ml, which was 13.3 times
higher than that of the commercial medium, Tryptic Soy Broth
(TSB; 2.42 x 10® CFU/ml) as the control medium. Improving
the culture condition for P. tritici strain PH55-1 could benefit

*For correspondence. E-mail: dayeon413@korea.kr;
Tel.: +82-63-238-3050; Fax: +82-63-238-3834

for the industrial application of bio-remediation technology to
organophosphate pesticide- contaminated agricultural fields.

Keywords: biodegradation, culture condition, diazinon, opti-
mization, response surface methodology
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KACC 92326P, GenBank 37244 97|14 <E NZ_CP073365)
e Al Al A] ke 2R EEE gl o, A A
A= 56l diazinon B 771914 Fof Eefet vl E aas
P2} st FAAE 7L Aol BRI E EHKim et al.,
2021). 2 AL A S T i w52 7] vl
23} tryptic soy broth (TSB, BD Difco™) vj 2| = A}g-5191 12,
28°C, 150 rpm 710 4] 48 4|17t 59t XI5 v oFat ATt E3,
PAF F522] BHES 98] 20% glycerol-2 & 713k stock2 Al &
5ho] -70°C 4|2 YaaLol Hyksto] ARg-5HQITh

ZA HiX| LS et 7|2 HHX| = B 2 diazinon 2

Diazinon £3}|5l= §-8 0| WE P. tritici PH55-12] &
i oF v A S 918l A8 vl A1 Q1 TSB v X|(tryptone,
soytone, glucose, NaCl, KH,PO4) 2} Weselowski 5(2016)¢]
Paenibacillus polymyxa = 8| 9ol AR5} nitrogen-deficient
malate (NFM) Hl 2] &] 2445 3a18te] 7|2l 2] 5 248
A O 2 yeast extract 1%E H718E 7] Eul| X](NaCl 2 g/L,
KH,PO, 0.4 g/L, MgS0, 0.2 g/L, CaCl, 0.1 g/L, K;HPO, 0.5
g/L)ol Z¥Z}F 1% 5= 2] kA Y(sucrose, lactose, D-mannitol,
glycerol, D-glucose, D-xylose, D-fructose, starch)2- % 7}5}¢
28°C, 150 rpm =71 0f| 4] 48 A|7F 591 RI% v et & A=
S BT PHSS-1 35-0] 23] A9 Aus
7] 9180 1% 5 %=2] glucose & 371t 7] =2 ul x| of] 167]2] A4~
[NH,CL, NH;NOs, (NH,):804, Ca(NO5),, KNO3, NaNOs,
CO(NH,),, peptone, peptone from casein, polypeptone, malt
extract, yeast extract, neutralized soya peptone, tryptone, soybean
meal, DSF]& 22} 713t 3 4371 9F s et )i o = Z13)st
I} PH55-1 #522] AA=F2 u| & A% 549 7] (BioScreen
C, Labsystem)& ©]-8-5121 600 nmof| A S43+ S-d = 4= &
Q1&to] vl skQIT). T3 PHSS-1 o+ 5=9] 7o) -3k hax

8 2443 72 R & 7R o= 6191 01 diazinon /d
RSl BALR ELE] LA & Al gdo ARS8 T Diazinon
100 mg/LE 3Z3}st= HA| v 2| o] PHSS-1 o525 53 &
v AJZtol| whE diazinon ] F = 4 o FE sk lch
Diazinon®] %% H3R= Shimadzu HPLC (SCL-10Avp, Shimadzu)
9 YMC-Triart C18 A (150 x 4.6 mm, YCM)Z} PDA
(photodiode array detector)E- ©]-8-5}o] £35S T}, o] 5A
Acetonitrile:water = 7:3, 822 0.7 ml/min® 2 3} 17 192

nmoll A G S 281k PHSS-1 25-2] 444 9l diazinon

wofjgo] St 2T A e W AP o7 2477
v z]of| tf5ted m)EFE4(FeCls, CoCly, CuSO4, MnCly, ZnCl,,
NaMoOy, NiCly), &=, vl %] 2] 27| pH, HEY 2] =, diazinon
o) 1, i S 0 Al AR vl A= 27 21)
o5 417s}o] Zh7te] o okel Wl vjok 2710] T2 PHSS-1 A
A glok FAT o2 R4Sk

21T ©O
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Plackett-Burman &2 AAIES 0182t 21X B HiX| o
2 o x7 M

Paenibacillus tritici PH55-14322] A4 o)) G 13
P L 20S A Rt EAA A HA}
W 0 7 252 A7 2 5112l Plackett-Burman design
(PBD)& A3} ©. ] Design expert 13 (stat-Ease Inc.) 2
29 ol gs}o] +AEk PBDE 58 )T e 3t
(Dol FAHe) 40w 5 HTE Lehls RAS sk
HhH o] tH(Vanaja and Shobha Rani, 2007). &= ¢ 51oj| A= o]
A2 A A7) 2 A0 JE vl AL ekt )
RS 72 27]19] Era(D-mannitol, starch), 2712] A4
(DSF, tryptone), 271 2] 1|52 4~(MnCl,, Na,MoOy,) 3} o ul
2] pH, diazinon 5=, FH ] ¢Fo] FHMPE A=
oul, HjoF 2710F SES} WUl £EE Fe Wre] e
o] B4, A4, n|FY A, i A] 27] pH, dizainon =,
Fo S WU AT 5 F 11709 SYu4S Agsie
WALE A A1E AT T]vke 2 7i7te] Bluige) ko
FECDI S SN S At 127)9) AF 72 4
Asielont, 7t Al ol ot F iz 28171 vl T
Colony forming unit (CFU/ml) S 2 =235} t(Table 1). Z}
Z}o] CFU/mI -2 ol 1091 /-8 =1 gho & Highs| o] 14

o

THEAH(RSM)S 0|28t HHY &2 & HHX| H=2

A & 53] diazinon £3f| 7|A)& PH55-1

H|X]= 47§ 9] &8 ¥43(D-mannitol,
DSF, Mo, £.5)°] 24 5.2 9 2718 BHalal7] 9jaf whg it
HE X H(response surface methodology; RSM) == 413 1=
O] 7t & 2|23 4= e A AAN ] A EALE
(central composite design; CCD)& 0]-83}o] Ad] =g 4
A 5FATH Asghar et al., 2014). 21 2] A A= design expert13
programr ©]-8-5}o] R & Qlek A 4709 S-S
0] 48 1,0, 41, o) .2 AL 0, %297 0] A1
TE 0183k 284111 Hlj ot $- CFU/ml S4& F3 S50
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Table 1. Matrix of the Plackett-Burman design (PBD) experiments on 12 variables with response values

Level of coded variables

Factors Symbol (unit) E =
Temperature X (°C) 28 35
pH X5 (-) 7.5 9
Agritation speed X5 (rpm) 140 160
Starch X4 (%) 1 3
D-mannitol X5 (%) 0.5 2
Tryptone X6 (%) 1 3
DSF X7 (%) 0.5 2
MnCl, Xs (mM) 0.5 2
Na,MoO, Xo (mM) 1 3
Diazinon X0 (ppm) 5 15
Amount of inoculum X1 (%) 1 3
Run X X5 X X4 Xs Xs X7 Xs Xo Xio X CFU/ml
1 +1 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1 6.60E+08
2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 3.54E+08
3 +1 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1 3.14E+08
4 +1 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1 2.47E+08
5 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1 +1 6.10E+08
6 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 2.32E+09
7 +1 -1 +1 +1 -1 +1 +1 +1 -1 -1 -1 5.66E+08
8 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1 6.51E+08
9 -1 +1 +1 -1 +1 +1 +1 -1 -1 -1 +1 5.58E+08
10 -1 +1 +1 +1 -1 -1 -1 +1 -1 +1 +1 7.26E+08
11 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1 -1 1.00E+09
12 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1 +1 1.91E+08

X=X represent respective assigned variables and response values.

Table 2. Variable as medium component and culture conditions and the result of ANOVA for the Plackett-Burman design (PBD) experiment

Variable Effect Coefficient Estimate Sum of Mean Fvalue pvalue Confidence level

(X)) (Exi) (By) Squares Square (%)
Model - 8.7400 0.8929 0.1116 15.28 0.023 91.26
Temperature -0.3014 -0.1507 0.2725 0.2725 37.30 0.009 99.85
Starch 0.0737 0.0369 0.0163 0.0163 2.23 0.232 99.96
D-mannitol -0.2340 -0.1170 0.1642 0.1642 22.48 0.018 99.88
Tryptone 0.1418 0.0709 0.0603 0.0603 8.26 0.064 99.93
DSF 0.2496 0.1248 0.1869 0.1869 25.59 0.015 99.88
MnCl, 0.0925 0.0462 0.0256 0.0256 3.51 0.158 99.95
Na;MoO, 0.2109 0.1054 0.1334 0.1334 18.26 0.024 99.89
Diazinon 0.1058 0.0529 0.0336 0.0336 4.60 0.121 99.95
Amount of inoculum 0.0342 0.0171 0.0035 0.0035 0.10 0.764 99.97
pH 0.0580 0.0290 0.0101 0.0101 0.30 0.615 99.97
agritation speed -0.0527 -0.0263 0.0083 0.0083 0.25 0.646 99.98
Standard deviation 0.0855 Press 0.3506
Mean 8.7400 R-squared 0.9760
Coefticient of variation 0.9780 Adjusted R-squared 0.9122
u] =88] 4] A58 A3
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(Chin-Pampillo et al., 2015), u| 452 @ HE%] H3 T4
SJopel, Belstala 24 S} 2o caret 8015 ol o
= et A A QltK(Park er al., 2006). 2 Aol A=
EAY = A AYo] P. tritici strain PH55-1 +572] A% 2
diazinon &3l of| 1] 2|i= J S H7ekGlch PHSS-1 #5-9]

AR BASE AT Bk O 2 starch =
== 27102671 0.23

RO I HEUS P haic} FASLA 02 12
S 3 S LERRAEHp < 0.01) (Fig. 1. 1) f
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Fig. 1. The growth and diazinon degradation rate of strain PH55-1 regarding each carbon and nitrogen source.
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D-xylosed W] PH55-1 #+529] &4 %= += 7+7+0.17,0.16,0.15,
0.14, 0.04 2 0.01 0.2 AJAeFo] v Iohch et4A o7
starch == D-mannitol2 -8-5}= vl %] Y] PH55-1 #+3F2]
diazinon 32 HE T 7Y A of starch H-§ ulj x| of| A
97.8%, D-mannitol T-& %] o]| 4] 99.5% 2 & ol ] Q) t}. wh
Z}A] PH55-1 #-522] A=y} diazinon £-8}2] o] %<3} starch
2} D-mannitol & & ElA L 0 2 & AR

PH55-1 =82 | AP e 2 DSFE 3-8 off &4
31402 )51 & RS e ATHETE 089, p

2 ok

11

93.4%0 & & E 0 & o] 2 K} A4 DSFE gHo3H=
v 2] W PH55-1 73+9] diazinon £-3]]8-2 93.6% 0.2 3}0| g
o](Fig. 1), B] 1.3 E-3f] &4Jo] #|3}=] 9 A7t PHS5-1 732
A e —?40}711 SRt YU ez SRl it o
2ha] 22 A4S 24 tryptoneT} DSFE A 514tk
Plackett-Burman A& AMAHS 0|25t XX HiQF HYX| A
59 X7 M

Paenibacillus tritici PH55-12 87121 4| A=A diazinon

<0.001). =3+ 82| ] A4 0 2 tryptoneS -5-8+ 1f] 4= < 814 0 & Jofioh= ot 2A AESH AA 2 o] 82 5=
202308 ohe Aagdu vjastel BASA Aol 9lgl b= ARIAHR) ZXI7E ol AR Ao, -8 -2 AR
AR v a A Aol 94=5kith. Z1efutEado] polypeptone, ool A& 517] ¢4 ﬁxﬂ A aedS B iR =
yeast extract 2 soybean meal ¥ o] 3=+ 242} 0.16, 0.11 Ao R £ A A 8-S Bk g2 Aol
9023 0 2 DSF E= tryptone H7FAICF g Fo| i vb (Haeral, 2018). 2 AAF01 4= % 11719] 2] 42 o wjop
rch AALY S 2 tryptone F+= soybean meal-S 71912 Z 74 0] PH55-12] Ao u| x| = o3k 3elst7] ¢l PBD
PHSS-1 50 AR AR 0 2 fAgAIR cholol B o]-g3ho] S AASHATE. 2 Jope W ofu] 4 U
A= B3l H-& PH55-1 28 A e 7Y & 2421 99.7% 2 o] AuLE 7]4Hko 2 B4~ D-mannitol 7} 2 49 DSF= =2
50505 \I e 5.0E+087 SOE+08— \{
N X, T:»:npcmu::w“(')“ T ' ! ) x,pl-x)u N it ! XA i ! " Xlill)-m;\nni::li"/oi ' !
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Fig. 2. Main effect graph for each variable on the growth of P. #ritici PHS5-1.
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The slope of lines shows the magnitude of the main effect.
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Sl e 220 0.5%8} 2%, A starchet FAY
tryptone-2-1%2} 3% = A3 15 A MnClL 2} Na,MoOy
O F& N 2 2 0.5mMY 2 mM 123 | mM T}
3mMO 2 7+ A AFHS 1, diazinon @] F =+ 10+ 5 ppm,
AR 2+ 1% (viv) 2.2 At vz o] pHR AL o
& 4EORT5E B 4EORI0E AR vk 2
2o thsljAl=28°Ce}35°CE 2= 2 o2 A5 e
150+ 10 pmS WU £1E 9] 28 STl ke mzo R A7
Sk} ZH2ko] A 2ol A 28 A%t 59k v 5, WE3- ghel
PH55-12] CFU/ml Z+-& Table 10 LFER Qo 7} £ w2
1 PHSS-19] 41730 u] 2= &3S Fig, 20] Lpepoic). 7+
HHPEO] FFoll i ANOVAZA] Z1}k= Table 2] LEf
Ufgo0, o] & heo = PHSS-19] A3kl RS vl Al o
A9 © 2 D-mannitol, 2492 2 DSF, |z Y42 Na,MoO,
A vjef 2o e 25 ARSI AR e el
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2 D-manntol, DSF, Na,MoO,, 2X=5 A 5}%.0.™, ZF vl %]

HREY 5 U Wk S0 HHE}E §)
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Log;o (CFU) =9.59+0.10* X;+0.03* X, +0.16* X3-0.56* X4
-0.13% X * Xp10.07* X * X51+0.04* X, * X4-0.17* X, *
X51+0.03* Xp* Xy+0.23* X3* Xy-0.04* X2 +0.25% X2
+0.01* X537 -0.48* X2

7145 290 F-value 42 3.370.8 A3 mdlo] A3ks})
2 2101543 .1 p-value7}0.0128 ©. & 0.05 2.t} WA Upeht
FAACE o3t W9l el A4 Algy(R-square)Fh
©]0.7590% 1°f| 77k =X & el 7] whzol 78 e A E
Hdo] 22 Fo4dS 7HAAL AleS ehlstlth. Batol of

ok
H

A W8-S vEbd 7h2l W5 Alg(coefficient of
variation, CV):=6.85%% e} 2 M5 0] A} 5 28} &=
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Table 3. Matrix of the central composite design (CCD) experiments on 30
variables with response values

Level of coded variables

Factors Symbol (unit)
-0 -1 0 +1 +a
DSF X (%) 2 4 6 8 10
D-mannitol X5 (%) 1 2 3 4 5
Na;MoO, X5 (mM) 0 1 2 3 4
Temperature X4 (°C) 22 27 32 37 42
Run X X5 X3 Xy CFU/ml
1 8 1 37 3.32E+08
2 8 4 1 37 6.94E+08
3 6 1 2 32 2.59E+10
4 8 2 1 27 1.34E+10
5 8 4 3 37 6.55E+09
6 8 2 3 37 1.07E+10
7 6 3 2 42 6.46E+05
8 4 4 1 27 2.23E+10
9 4 2 1 27 4.83E+09
10 4 2 3 37 1.40E+09
11 4 2 3 27 8.52E+09
12 4 4 1 37 1.51E+09
13 6 3 2 22 2.25E+08
14 8 4 3 27 1.08E+10
15 6 3 2 32 2.50E+09
16 2 3 2 32 7.69E+08
17 6 3 2 32 3.09E+09
18 10 3 2 32 6.50E+08
19 6 3 2 32 9.37E+09
20 6 3 2 32 1.54E+10
21 6 5 2 32 4.27E+09
22 4 4 3 37 1.75E+09
23 8 4 1 27 3.05E+10
24 6 3 4 32 1.33E+09
25 4 4 3 27 1.58E+10
26 8 2 3 27 2.80E+10
27 6 3 2 32 1.06E+09
28 6 3 2 32 3.09E+09
29 6 3 0 32 9.95E+08
30 4 2 1 37 1.09E+08

X,—X, represent respective assigned variables and response values.
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Table 4. Analysis of variance (ANOVA) result for the central composite design (CCD) experiment

Source Sum of squares Degree of freedom Mean square F-value p-value
Model 19.5500 14 1.4000 3.37 0.0128
X, 0.2375 1 0.2375 0.57 0.4605
X5 0.0179 1 0.0179 0.04 0.8381
X 0.6277 1 0.6277 1.52 0.2371
X4 7.6200 1 7.6200 18.40 0.0006
XX 0.2802 1 0.2802 0.68 0.4235
XiX; 0.0737 1 0.0737 0.18 0.6790
XXy 0.0279 1 0.0279 0.07 0.7987
XoXs5 0.4720 1 0.4720 1.14 0.3025
XXy 0.0137 1 0.0137 0.03 0.8583
XXy 0.8510 1 0.8510 2.06 0.1721
Xz 0.0438 1 0.0438 0.11 0.7494
X»n 1.7600 1 1.7600 4.25 0.0571
X 0.0047 1 0.0047 0.01 0.9169
X 6.3700 1 6.3700 15.4 0.0014*
Residual 6.21 15 0.4139 - -
Lack of Fit 5.33 10 0.533 3.03 0.1162
Pure Error 0.8787 5 0.1757 - -
Cor Total 25.76 29 - - -
Standard deviation 0.6434 Press 31.97
Mean 9.39 R-squared 0.759
Coefficient of variation (%) 6.85 Adjusted R-squared 0.534

* Significant value.

CFU (/ml)

CFU (/ml)
CFU (/ml)

CFU (/ml)
CFU (/ml)

25
20 @\

35
5 30 . 3OO
tre (o™ u 13 o 0 - 15 o a‘\“‘w\K
ey 271 20 ¥ ey 2110 N 1020 %

33
)Q:Te,,,pe 31

Fig. 3. The 3D graph of response surface analysis for growth of P. tritici PH55-1 as predicted by the quadratic model and simultaneously displayed the effect
of two independent variables on bacterial growth.
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0.05Xc}t FA YeRgon g A% wdlo] 37| e Ads)
=) Agslthal Hsl A t(Table 4). Paenibacillus tririci
strain PH55-12] A7 S-2lof] ok v|x|= 8l o= s
470e) EIudr} 12 ol )7 s ool 7 S
o) HEAGOR QAT A WK W5 T 33
HFSSEREE 2 LpeRo] 715R.0 M o] & Fig. 0] L 3}
th A W] ol A P. tritici strain PH55-12] A7} o] o ak-&
n 2= 89l g 2= e, 2= mobd s A
2po] Z7BkT}7} oF 30°C ool i Tha 2Bk AFS
1k, AT W) 2] 4221 DSFENaMoO,-2 5127} 30}
A= Ao S718he 482 Kol Wi, D-mannitol
oA B 2 TS Blck CCDE F3f vl &H
2 -+ (saddle point) O & P. tritici strain PH55-12]
A 272 D-mannitol, DSF, Na;M00, 9] 5= 7} 212+
3.7%, 5.5%, 2.2 mMo| L HjoF 1= 33.8°C 02 o ZH Q]
31, o uf o] 2o AL o4kt A}9.67 x 10° CFU/mI = 2

off 4
2

Buoox AT
Doox rlo
fu)

o

QS EHEAH(RSM)S 53l A 2| A 2ol Ao o
S A%l Sla) AT R A |22 AL Sie 4
vz o] P. tritici strain PH55-15 & %£8}o] vfjofst & CFU/ml

UTHp > 0.05). ¥ o= 28 AREHE A8 Al
TSBo| A 9] FA=k2] 2.42 x 10° CFU/mIx} H] L s}e] 13,34}
27100, LBoJ| A 2] #A|2F21 5.90 x 107 CFU/mlz} ¥ w8}
o] 54.41) Z7H3E ke UERHTHp < 0.05).

-

L

T2 v =Y Ao Al Q4R TAYo &
Ao S vl ] FA SR oh e 17 Ei=2
Al AR O] AJAtol] S w|XITKStanbury ef al., 2013).
D-mannitol & eFs1-2.9] 210 2 QJul Al Ergro] 3]
= JE| 2, o]|FH Q] Ao\ A UX Paenibacillus X Clostridium
0] v 4] 79 D-mannitol & B0 2 o 43 1) E R
Z o] thA} 2l S Kol o 2 W 1% Q) cH(Emtiazi et al.,
2007; Woo et al., 2016). Paenibacillus tritici®] type strain
RTAE36+ D-mannitol-2 B4 0 2 AR8-3}0] AFS- AYAI 5]

L dbg A Akt 4= Qlohar B 1% Q) © v(Menéndez et
al.,2017), & &J3Lo]| A= D-mannitol ©| P. #ritici strain PH55-1

o Aol GRS WA kA FA 20l HE o 2 Bl

al., 2009), = Aol A SHQ1E 24 2 DSF= 7] A4
Y02 A Bacillus sp. 2] &4~ AR 915t
11 %]t Chauhan and Gupta, 2004). 2yt
subtilis CPA-8 strain-g 0|83 AYE-35}2] WA A 2] A4k
oAl B2 Hlgom 2 LIS Holr AA = 24
A4 FF9o 2 B 5 v Q) ©w(Yanez-Mendizabal et al.,
2012), 5 9] o522 B. thuringiensis subsp. israelensis 2]
it A4k 913t v A] 7R T ol A e o S 7|\E
o2 BRI S A ) 2 A o) o] ek B
2 tH(Prabakaran and Balaraman, 2006). & ¢152of| 4] DSF7} jj
2] W) 4 12) o) PHSS-1 2] cholo}aliz haflo] s
ASHE 7RI AT AREE S5 e el
© 2 3R] E]o] PH55-1 522] U HjoFS 9Jst A Ao
2 Aslich sk, uiR] W) A4 o] tryptone, polypeptone
= yeast extractd @] PH55-1 9] diazinon &322 7+
7+ 99.7%, 99.6%, X 99.4% S 2 L}ERT) watA] tryptone,
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#7h Bt
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(Schonheit et al., 1979; Hajfarajollah et al., 2014). £ 1 7Lo]| A
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2006, 2016; Ha et al., 2018, 2019).
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2 Aol A= diazinon Ealst= -8 WA= AL P
tritici strain PH55-15 A2 0 & $-835l0] 5 4 U =
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P dAFE B2 5 U= AR Q] KA EE =35}
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