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Effect of Substrates and Lyoprotectant on the Survival Ratio of Lyophilized Bacillus sp. SH1RP8

Sunhwa Hong, Jun Gyu Sim, and Eun Young Lee*

Department of Environmental and Energy Engineering, The University of Suwon, Gyeonggi 445-743, Republic of Korea

In order to develop an eco-friendly biofertilizer, a plant growth promoting rhizobacterium (PGPR), Bacillus sp., SH1RP8 was
investigated. SH1RP8 was lyophilized via freeze-drying along with other protective agents that protect cells from lysis. The
freezedried powder of Bacillus sp. SH1RP8, containing 5% skim milk (w/v), exhibited the highest survival rate of 30.6%
among all the protective agents (skim milk, glucose, and peptone). The lyoprotective effect of the skim milk, mixture including
5% skim milk, and substrates on the survival of the test strain was examined. Control group was added only skim milk and
test groups were added skim milk and other substrates. As a result, the group supplemented with both glycerol and 5% skim
milk showed the protective effect much higher by 214.29% than the control group. Freeze-dried Bacillus sp. SH1RP8 could
be a good candidate as a potential biofertilizer due to its effective PGPR activity.
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Hholl= Al EAd T = oAt HtstA #uHlE B9 A=
9] 4L AsA7)= EE B FEE 2Hsh= (1-
aminocyclopropane-1-carboxylic acid(ACC)
activity) 5 AU AE Y B4 2 20|12 FEA
EZololA AEo] o] &3}7] o HE AEY Aol
38 4 IA =95= HE(siderophore synthesis) 52
oH7). 2 ol et mAEESS ALH A Aoz
3 FAYEES ZAT S FEEZY A=l 2A
2EIL, A7 AN EAHE FAISHE Aol oY
(1, 4, 8]. ol & AL 23] shre nld=ol Aet
AP ez AAS} st 714 o] DgHolnt. uPEY ¢t
BA AA} 71e2= 2A 71648 L&A L OdFRE A
&3 A7 Ui A Z BSAE Hriste 52 Axste
o] F2 o] &HI U2, 24, 27]. TE A= Alole &
Eo} SBO 2AS 4567 9 F) skim milk, starche}
e 1 BEA A3} glucose, lactose?} e AE2L B4 &
o] o] §HT}27]. B3 A9 &2 v|PEY FF, T2 &
A, A2 AZE 5ol et th2n, ndEY FR HEA=
H3A 7} &gl B2 932 A 5 k6, 25].
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B AP ME FAAR B3A oo E2|FF Bacillus
SHIRPSO] g £ ool g Hrlsiol 5
Azs 5 HeAS Z42te] 7] Qo] R AEE o
£ gwe B

Bacillus sp. SHIRP8E= A EAR £H 50| )¢ 943}
o Foll e WS 7H nYEEA oA AFolAl B4
2 AANZA) 754 L Brhetel T 7% BASATHT,
359 $242 A 47K 7122 Yohur] glstel Gram
positive #3F2 GP2 MicroPlate(Biolog Inc., USA)E o]&
sto] 712 o] &A1& Folst gt LB brothol Bacillus sp.
SHIRP8E HFsto] FA7]oA FA7I2 Hol5=5F 3¢
7t 30°C incubatorof Al v FEt & A4 & 2|5t #AE 3
kil tE A7Este] wiA] 'S AASHTH viA] Al
A A 2-38) WET Fo 27] Wereln 22 ol
F42 Wrkste] Seshelch THAHE 200 pmoL 102
7t @HkeE & GP2 plate(Biolog, USA)] Z}zHe] wello
150 %) 589k o] 2 A-&(o} 25°C)0l A WieratEiA,
O 2 7} well®] A W3S 595 nm oA 4
Stth B WS 71E 02 0D7} 100 04H 71 S
Aeelo] 1 5 79 b elold 058 FAAZE VA=
AgatoTh A2 ohE 710] 2YHo] Y GP2 plate
2850 SHIRPS®] 7|4 0| $ 2 OD 28 2 ale] 3
Aeteict,

1 A3} SHIRP8 plated] = AA 714dE o] &3
1 o)A amine A 99 L-Alaninamide(1.06 £ 0.06)3}
Putrescine(1.07 £ 0.03), Carbohydrate #A &2 Maltose
(1.01 £ 0.05), Maltotriose(1.09 £ 0.17), D-Mannitol(1.51
0.28), D-Ribose(1.00 £ 0.06) 18] 2 Turanose(1.02 + 0.02),
Carboxylic acid A ¥€-& a-Hydroxy butyric Acid(1.19+
0.05), L-Lactic Acid(1.27+0.12) 12|21 L-Malic Acid
(1.10 £ 0.77), Miscellaneous A €< Salicin(1.09 + 0.02)3}
Pyruvic Acid Methyl Ester(1.26 £ 0.09), Miscellaneous %
Phosphorylated chemical A€ D-L-o-Glycerol Phosphate
(1.56 = 0.04)7} Glycerol(1.22 + 0.01), ZL2] 3L Polymer A&
2 Dextrin(1.10 £ 0.11), Tween 40(2.19+£0.07) 181
Tween 80(2.02 +0.06)2] 712 o]&4Jo] =3t} 3], Polymer
A B 9] Tween 403 Tween 809 7|4 o] §&=7} 7H -
Skt WO Amino acid A E Q] 7122 wj$- HA o]-§5
ot

Othman 5[17]2 EYA E8% Bacillus sp. strain A.
rzi7} GP2 plated] 3= o] Q1= 71 A& 98% o] &34t
T Bty on, Nowlan 5[16] Q=9 dAoA Ea]dt
Bacillus okhensis Kh10-101€}  Bacillus  krulwichiae
AM31D9] 7 ¢ GP2 plateo]] ZF = o] 9l 7|29 o] § &=
AR e s B0 Stk ol e AT L

Do, 8
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=3 AN ET FFetE et 71F o8 = S
ol Al mj-¢ thFFE HoF= Aot £3], B. okhensis
Kh10-101& Tween 407} Tween 802 o] 8314 & vty
o B. krulwichiace AM31D= Tween 403} Tween 802 9|
|5t 2 Aol A A-g-3 SHIRPS 9 A] Tween 407
Tween 802] 7] d o] L %7} =4 Ugkt}. Perkins¥ Nicholson
[20]9] dAtoll oJ3HH rpoB mutant Bacillus subtiliss ©]-&
3 7|do]¢ =& 5783 23, amino acid AEY 7|4 o]
&51A] AU o] =7t Wttt £ A4 = SHIRPS &
Al amino acid A 89| 7|H o] &&=} Wkt

Average well color development(AWCD)= B] A E 9] 7]
Aol g BHH o2 el A0 8 1 o] 25575 1|
RBE 71Ho| 8 %7t 2o Yn|staL, 7| Aol &4 EE
5% 4= qlth. SHIRP8Y|| &3t 714 o] & =& Yot 7] ¢
gkl AWCD 412 o3¢ 202 A4t Eth5].

AWCD = 2(C - R)n

C: ZF well® ODsgsnm 4L
R: Control well®] ODsgsnm %%
n: 7|39 $(31)

1 A3 2 AFoA AFEEH SHIRP8Q ¢+ HheA|&
1At F 71 F o] 8 =E Yei o, 18X|7F o] F5E %
o @A 0D Fho] 0.282 7MY &9k I Fof SARES
A8 (Fig. 1).

%A AFT DE AASE U YA Folr]
Slstel 5AAZ A Whshe REAE Ausgc
Z = skim milk, peptone, glucoses AT ZH2He] B
A= LBol|A] viFE 2 ui¥dS 1/102 553 dEo
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Fig. 1. Time course of average well color development of
Bacillus sp. SH1RP8 (n = 3).



747} 59t 10%9) B &2 W7hE e B9, AEE BEAS
os REA SErl ngE YR nl e GFe &
obR7] i8] HEA) FES AR ALt 2 4, 5, 6, 8
123 10%2 A7lele] n] Y B HELE HI)s P‘ZM ol
dlo| =, oFA Ai}lo]l A SHIRP8S] o] &Alo] =9kd 7] o]

3o AZELo u|X = AL Yot TR AAH 2zt
7138 1% 7159 S2AR A AFse S2AR

59) @49 v wako] SHIRPSS] WZ &2 BHhshant.
REELZ oF HE ol &3t
nzge - —coasd A=A dud

s2dx A NEY cfu g

=S

I A3, ZpzEe] B A7F 5%4 F7HE Wb 10%4 3
7HE o 2ok &0 £45klnh Skim milkes F5 Y
9] 5%7F 7= W= 30.6%9] AEES YERHL, 10%%
= 7.5%9] AEES YEbHTh £, peptoned] H-9= 2
ZF 21.3%2}F 0% 1L, glucose= 11.2%%2} 11.7%= YERGTH
(Table 1).

TAAx HEA Y HF AS A AEE skim milkE
ez BoA 9 717] tE w27t ndE AL A=
FEgS dotE AR skim milkd FE7} 2, 4,56, 8 9

10%=2 A7IEYS o), EE0| 26.73, 28.72, 30.60, 21.01,
20.35, @ 750%=2 EHI3AQ =r7} Z7led4E AERZo] &
7¥stth 7 5% H7HAl i3S Holal I o] F 9 FE oA
CHA] Z2x5tQi. ofof] B3 A9 23 s 5%= AA5t
et

Park 5[18]2 Photorhabdus temperate M1021-Z TjAFL.
2 24z RoAo] BE 424S Brlsgn 159 o
Foll A skim milkE 1-10% A7}t 2L FU6t9=
o L= 245 nAEY BEE&o] st 10%
Me Fastive 7205 S gt o HE A=
& A A AR skim milkE WY 10%7F H
=5 A7tetgle "= 2358 SHIRP8S E&o| Fast
St Skim milks 97, B3tE, 0 UL Zieln
Qo chuld 27t AR Al FAL A A HEH
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oy 24 o

B339 22U 94 = o]4o] HYE nAE B
249 452 F7HHA 93 Aol 7letel RelHe
Aro] et Kolon, Korea Patent No: 10-1996-0078399).

H AL A skim milk7} 5%Y o) BT} 10% F7HES o
Az gl ol AE o FE W40 F712 U 7 FFa
skim milk7} B8] E o] 4 AX A skim milk7} RS A2
K] Aol a3y o)zt g,

=22 AZX A nEY AE 882 ZHA|7|2A Bacillus
sp. SHIRPS87} A& 3t= 7|2 H7lste] Ax 3o AE2S
gristgch. AAEH 71AL& & 9|2 A4; Dextrin, A8,
Tween 40, A9; Tween 80, C3; Maltose, C5; D-Mannitol,
D7; D-Ribose, G1; L-Alaninamide, G12; Glycerol, H12;
D-L-0-Glycerol Phosphate$itt. 71 Z 3}, Miscellaneous
(Alcohol) A€ 9] Glycerolo] 214.29%2 yEgo| /M4 &4
AL, YR BE 7|HEE BEE| A FastH(Table
2.

e - [T

Table 2. Assessment of Bacillus sp. SH1IRP8 survival ratio
according to the substrates with 5% skim milk (each substrate
concentration: 1% of the microbial suspension).

Guild Carbon source 2:2"(\:2;
w/o 100
Amines/amides L-Alaninamide (G1) 8.09
Carbohydrate D-Mannitol (C5) 4.56
D-Ribose (D7) 4.26
Maltose (C3) 11.48
Miscellaneous D-L-o-Glycerol 82.65
(Phosphorylated chemical) Phosphate (H12)
Miscellaneous (Alcohol) Glycerol (G12) 214.29
Polymer Dextrin (A4) 4.78
Tween 40 (A8) 10.12
Tween 80 (A9) 16.51

Table 1. Assessment of Bacillus sp. SH1RP8 survival ratio according to the cryoprotectant agents.

Protective agent Protective agent CFU/ml Survival ratio (%)
ratio (%) type Before drying After drying

5 Skim milk 1.2x 10" 3.4x 10" 30.6
Peptone 7.5%x10" 1.3x 10" 21.3
Glucose 7.5x 10" 6.7x 10" 1.2

10 Skim milk 3.54 x 10" 2.6x10" 75
Peptone 7.5%x10" 0 0
Glucose 7.5%x10" 1.2x 10" 1.7
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TAAX B3 A= nAEY A& B
& S8 QAo ARt n|YEY] FH E]rﬂ} Feud
= QoH14]. ¥ A3 A= Bacillus sp. SHIRP87]- As
= 713& 20 % HE A skim milk®} o7 24 3]
oA = 52 Al s R A wEEY 71E ]
Ego] 420l 27 FHD Ao ekt 1ot
2o /)0 HEEE FAAIA BT AW E o
E FAAHA] 835 714 glycerol®] 7$-+= Bacillus sp.
SH1RPS87} A1&35t= 712 9] ¢t 2524 skim milke} $H7
TGS W FAAR T HEEo] A FAHS <
31t} Glycerol2 ethylene glycol¥ propylene glycol}
DM 2, vlol &4oltt B89 2 AT ARt B
BT 4TS FHBTHAL o= S FHHA
U8 A 2 BAAAS AL, Fol 0% lyonl
37.8C7A AT ot YEEA
AR ‘%"-%7] 2ol F2AE A €29 2%
A2k (ice crystal)o]] 3t A Euty]E oS 4 glo] FAAX
EER ERSFEETS
54 A% 3| % Bacillus sp. SHIRP8S] A &A% 22
599 4 7S B $18 Hongt Lee[7]9] 2%
Z+113}e] ACC deaminase 842 H7}519th Deaminase &
A gl Yt AMESt vl A= DF medium 2 Hj#| 9] Z
AL 2241 Lo 3 mM9Q ACC, 4 g9 KHyPO,, 15g9]
Nay,HPO4 12H,0, 0.2 g2 MgS0O47H,0, 1.0 mg2] FeSO,
7H,0, 10 ug? B(as H3BOs), 11 ug? Mn(as MnSO,H,0),
125 ug? Zn(as ZnSO0,7H,0), 78 ug? Cu(as CuSOys
5H50), 17 ug® Mo(as NayMoO42H,0)& A 7}ste] A =3}
Aot 4249 BEA 9 7| AE Artety EAARE 455
R0 5% (w/v)7} E =S HE31e] 30°Co|A] 180 rpml 2
48A17F Bt Wittt AlE A% &1 24 UV«E%"] ACC
deaminase &4 21 Q& A ACCE Z4AYo = o]
sto] e ¥ ACC T & 243t} 0113?11«] A A
2l ACC7} ACC deaminase®]] 93 &3j=o] gl FHo
2 Q3 AE9 AEHAE AT o3 Y2 At
sto] mAE &gl &34 % (optical density, OD) 7S =
A3t n|AEo] ACCE FAYUO R AMg3=A1E A%t
2]. o]of Wi F7]7k &<t 4A17tutt} 600 nmof| A ODE &
A3+t Bacillus sp. SHIRP8E 52 AX EIA|(5%
skim milk)¥H& H7Fete FAARS 23 A9 A
3714E @A HUE APLSE Yol AuiYLB
mediume] 3¢9 wjeh)ste] A& Y £ FH& B7HSHA
t}. 71 A3}, ACC deaminase AL vloF 48A|7 Ao =
()% OD & 0.05+0.010] ft}. H2 A&} 7] &S H7F
% AR 780 A2 A9 22 vnsid 5 2
Aol 2A A Qo SAARA F484(0.25 +0.02)

r
E
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Fig. 2. ACC deaminase activity of lyophilized Bacillus sp.
SH1RP8 with skim milk and various substrates (n = 3). (C,
control (without substrates); A4, Dextrin; A8, Tween 40; A9, Tween
80; C3, Maltose; C5, D-Mannitol; D7, D-Ribose; G1, L-Alanin-
amide; G12, Glycerol;, H12, D-L-a-Glycerol Phosphate). (¥, 0.01<
p <0.05; * 0.001 <p=<0.01; ** p=<0.001).

oI A AR U SO0 £0.1-
0.34£0.02) (Fig. 2). AP L9 E48AL g 2ZF vlwst
e A FEHE AS FAH 22 FASHATH(SPSS
18(PASW statistic 18)). I3t Glycerol(G12)S 7|&2. 2 t}
2 7149 aag = tEt F9AE E4T A p value
252 D-mannitol(C5)7}F 0.0529] A< 7FA o, 0.052—
0.6529] W91 BT Z, 1ALk BLYAES Aol
FAHOR 2 ous}b gl A0 Uehgr.

Z 7|A2% o|&EHI BIAZE o] &H glycerol
271z 3 5 Ao ReA Y %= *g E&0) 7198}
o, 7|e 7|Fo| L7 =L 7|29 AL ZHAAXR A
A7He A5 dE T A=Y 27 BsS SAAA oA
ARG Q1 ACC deaminase B4& FHAA = LR
Atz =

WM = AP Rl T2AR RIA= B2 HEE
o ¥ "= 7 T8 AR AT nAEY FRol
et ofFEFS v & ok ol d ZAE Hetstaa
2 Aolxe ERuE] ATt 7|EdE F71E H7t
sto] BAAZ F AEe ALY THE HESLA o)
Aot 5% skim milkE #7}8t Bacillus sp. SHIRPSS] &
ZZAZ Al maltose, D-mannitol 5 T3t 7| AS H75%
= 1 FE& n A= FIFS dotEgth(Table 2). 1 5
glycerol 7} Al EF0] ZA FAE U o]o] & A
A o AE YE2ES FHAIT 5% skim milket HEE
I a28AE A FFAIT 1% glycerolE F7HSHHE ¢4
W U A AT 4 9 Aol ARE,



Al++¢l Bacillus sp. SHIRPS
7] $fske] =it SHIRPS
£ ZA A2 S8 & WASFEE oA 74 F
% HIAE Brstel 229 AT BAC HAL
drotH gttt SHIRPS #59] 52A% A] 52Ax B
BA|Z2 skim milk, glucose, peptone ol gslgL W, 1
Z 5%9] skim milkE ZH7}519 S o 71 =2 (30.6%)9
HzLS Byt E3 439 *47‘P° Z2A3l= 717 18
L A7}3te 5%9] skim milk @H=o 2 H7lsk Aol 71F
1§S 27 AN A9 $A4% BE BIE v Lot
Beofoh I A3 5% skim milko] glycerol& FA]of H71g
A9 FF9 PELo| skim milk &= A7}ETG} v I A
214.29%2] AL HoFQth ®3 =AAZRE Bacillus
sp. SHIRPS & uj-¢ &34 ¢l PGPRE AS HojZFo] A
2H|2249 T 7)ol 7tE
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