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AT R SZF7 L1 COG M KEGG fRifigfeh, 254 W KISy 5L I BCR 3 1) i T BE L R 1) 47.96%
1 68.52%, HIHFLHFAAE IAA, Bk, AEBHAK A BEF (nonribosomal peptide synthetase, NRPS ), JEKZE1L& 4
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Optimization of Culture Conditions and Functional Gene Mining of
High-yielding IAA Drought-resistant Strain SZF7
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Abstract: Drought resistant microbial preparations are beneficial soil microorganisms that produce plant growth hor-
mone to enhance the drought tolerance of plants and promote plant growth, which is an ideal substitute for traditional
chemical drought resistant preparations. In this study, the bacteria obtained in the soils of Wuyishan tea plantation were
used as the research object to screen strains with the high secretion indole-3-acetic acid (IAA) ability and strong drought
resistance, and the culture conditions optimization and whole genome sequencing analysis were also conducted. A strain
SZF7 with high secreting |AA was obtained, which belonged to Bacillus cereus, which had stronger drought resistance
than other strains. The optimal culture conditions for IAA secretion of SZF7 were pH 5.0 and 37 'C with 24 h incuba-
tion, and pH and temperature significantly affected on the IAA secretion. In the COG and KEGG metabolic pathways of
SZF7 genome, the genes related to biological metabolism accounted for 47.96% and 68.52% of the total functional
genes, respectively. The genes related to plant growth promotion included 1AA, siderophore, non-ribosomal peptide
synthase (NRPS), lipopeptide compounds and bacillibactin. There were two IAA synthesis pathways in SZF7, one of
which was indole-3-pyruvate pathway mediated by indole-3-pyruvate decarboxylase, and the other was tryptamine
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pathway mediated by indole-3-glycerol phosphate synthase. This study would provide a scientific basis for the applica-
tion of drought-resistant and growth-promoting bacteria in the production of tea and other cash crops.

Keywords. growth-promoting bacteria; indole-3-acetic acid; drought resistance; optimization of culture conditions;

whole genome analysis
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ZEM[Camellia sinensis (L.)]) iz 4 T E
PO A PP b X, R E B 2 A R A TR
Wz —2 ) pEESRRSBROARW T, iR, T
AR RARRFEE I G, (3R B I 43255 el R
WK, TCHEE AR e 28 L
Mo T R B A K2 F R,
A0 i T R B T AN IR 01, AT
TR N ES W v TN E: 55 PR A B S Ay i
SRRt I, R TS A B
T3 0 X S A, AR B SR PR = A B
LA BRSNS R I ST P B S

HPR{E4ETE ( plant growth promoting rhizo-
bacteria, PGPR ) J&— A= A7 T Ha W AR B £ 48 v
b 7 A R W O R B AL A AR ) o A
T B AR R A A K A SR L )
i, PGPR 431 m5) Bk £ 12 (indole-3-acetic acid,
IAA) Z—FRAERKR, BAREMPIESA
IR0 AR PRGTRSY PGPR, UNZEHIAT
W& (Bacillus), R¥MEEJE ( Pseudomonas ).
I KPR ( Proteus) W] /3 ib IAALP, PGPR
) TAA A B A% A A 455 s | W - 3- T T i 2, 22
L MikAz, I H—Rh PGPR H ] fig [F] I A AE £
St ARl BEFE I, s - 3- N R AR A R
fit}( indole-3-pyruvate decarboxylase )/ 5 ) 5|k -3-
PIEATR i A2 & KB 4> PGPR H e A Fld 21
IAA G liasde, HURIE iR I be-3- 1l -BE R & 1
(indole-3-glycerol phosphate synthase ) 4> 51 {4,
B, IAA B TARBRAN MR, (2t
TR R AR, DA 4t i AE P 7K 43 W SORD 3 57
SYRBUEE T LUSE A TR BREEA L o 4 AT
B AT I TAA A F TR rh B0 A il R i FLR
MR 3 oA KOE e T a1 SO br +
e ZEAOAT B AT A BK T 20 W 1Y | AA B B i
R R T & B RCR

ST E 1IAA S PGPR XHEYIHT 2 A A K
P, JFRPUR A T e . BRI
E AT REIE Az 48, X AL A ™= Ry E it
B HEAEEE L AW A e 1 1

A B ARAR (9 TR 2L v O T Y 1 00 L AA TR R AT
PR, RGO IR A, I R 4L
SR HAH G D RESE A NPT SALEE, HFFE 45 2R M (e A
BRAE T A AR 7 b IR R AR 3

1 #MRER=E

1.1 7l

1.1.1 BXEA R Rk ) A a3 2
B +-9e4n e 130 BROM,

112 EZXMAEBHRALA R (PEG
6000, [-if 5 A= B AR A RAF ); Salkowski
X7 (7.9 mol/L HySO, 7% 12 g/L FeCls ), 35373k
LB ¥igedk: BASIRE O 10 g, EERHREL
Y59, ALt 109, pH 6.0, [ I%IE N3
fig 20 g; BEflTREEFRIL: F LB kK R H
AN PEG 6000 fifi Hiifk Ji ik 25%1,

12 Ak

121 By ukdy IAA AN E HREME
LB Wik 3 dtdr, F 37 °C. 150 r/min &4 F 1%
24 h, BUF W Z 10 000 r/min &.0> 10 min, HX
FIEWWE 1IAA &, IAA FEllES%
GUSMIATY 25000 J7 ks fn ket , BIAE B3
A Salkowski b i T 5 T G I 24 h )5
Ehat, #HEEITE 520 nm K T
SIS, K AR AR I W (A A A HE i S B
IAA & i,

122 HIFWHkGFE  HEE 121 PEaw
IAA BB IR REIEATRE 35, BOW BOW ) TR
T, DL 1% B Fh = U N 25%PEG 6000
(B&EEN-0735MPa) 1Y LB ¥, 7
37 °C. 150 r/min Z5F FH:5% 24 h, iR
JT7E 600 nm i K I R VRO, R B R IR
KSR Jas AR IR, LA S AR U S 5 Pk
BT Bk A AR BRI 25%PEG 6000 i
PG FRILRE SRS, R 6% ( ODego ) 1H.
AT LK B RE B BT B8 T 43 v B SRR R ( ODggo<
0.30). U (0.30<ODgy<0.40). fif=Z% (0.40
< ODgoo<0.50) FI5E 4527 ( ODge>0.50) ™,
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1.2.3 BHIEBREMHGKAL L1215 122K
Fohl, Gkt B PR e IR R Bk SZFT,
SHZ R IEA AR 40 I TAA BE A 18 38 5044k o
TEH pH | K5 R A FTRE 3 A4~ Z AR K40 5]
X SZF7 43 1AA g Rt f i os . Hor,
pH iX'® 4.5, 5.0, 55, 6.0 4 N KF, KRR
FEE 28, 31, 34, 37, 40 CH: 5K, HigR
FfEsEE 6. 9. 13, 24, 27, 30 hik 6 4~k F.
MR AN ZR R A R, 4T 3 T 3 K Lo(37)
IEAZRK:, Bl pH (4.5, 5.0, 55), {H¥E (34,
37. 40 °C ) FusEFRESE] (24, 27, 30h), D
R R A A
124 HEHBEFRAMELEO>N BIRIUA
ke SZF7 MLlilEFR P i T 24 [Q Y (5 S Y
Bo MRAiRE YR DR E Y ELRHA R
3w, FIEE 400 bp A4S AR B, A AR P F
£ 1llumina #£47 PE150 ( pair-end ) 7, % H:
TS 3 £ 4 5L 4] scaffold, i1 MEGA 10.1.7
BAFE#E NJ (neighbor-joining ) Bt 3 & 48 kb
R, FIH Gene Mark S % ol 5 PR 40 #7414
FEH ST (CDS) #F47HM, &M Diamond
AR 22 80 i T BRI AT A M e, DA A
NR. Swiss-Prot, P-fam. COG*® GO 7 KEGG!'
TR 25 5, (] antismash W32 R4 T vk At
WA B R RS L BT RTRI , 43 AT B B
TELE 0 A BORAE A W 1 e
1.3 #HENIE

i 1 Frequnce pREION AN [A] B BR 1 TAA 43I RE
T AT 44, f#FH IBM SPSS Statistics 24 4k
PEBEATI7 229387, FI ] Duncan’s #6563 HE A7 2 1A
Z 2L S YT, R Origin 2024 #F 3E4 75U
% PR ] A

2 HR5H5H
21 EHHEHMIAASE

MR 130 BRE R EY 1AA J3I0RE J1 o] 85 H oy
341, IAA JIbRE 1B AL 6 R, i 4.615%,
IAA & B7E 2.69~4.97 mg/L ZIa]; 1AA Zr ke
— g3 82 ¥k, 4 63.077%, IAA SHTE 5.09~
8.81 mg/L ZI[i]; 1AA ZFibReJ iR myIE 42 bk, K
32.308%, IAA &H7E 9.02~21.91 mg/L Z[f],
22 SBRIEEHKATFIE

MOTAA SR IARE JI5R I 42 BREERE iR 7
PRORPT L AE I H MR : SX-MWS5, HHG-GS4, TM
1200m5. HCQT1. NLK11. WQH3. SZF7, 7&
25%PEG 6000 4L T 5 554 T R 1) ODegoo {H53
%27 0.75, 0.90, 1.00, 1.02, 1.14, 1.16, 1.20,
PIRTF 050, FKHXEFERMPTRRE N4
it 52 %1, o bk SZF7 B9 ODeoo TH 5 15, Ji Z2iR
55 DO B RRAE A5 R — 25T .
2.3 SZF7 HHRHIEFRZHMRML
231 #REERE  SZF7 I IAA MBS pH
)Tt R B BSERE E I Ea, pH i 5.0 B, 1AA
Ay R, T pH N 6.0 I IR A% (& 1A ), 7E
TRy 28~37 “CHt, SZF7 B IAA 23 i S 2R 14
i, 37 CHERY IAA Syl 3 o T AR, i
40 CHY IAA bR (B 1B ), SZF7 1Y 1AA
3 Ut B 1 SR T R] 0 HE K 2 IR S S e i
£ 24 h AR s E, miE ik A5 (K 1C ).
232 ERE i 1A, 3ANREX SZF7
IAA F3 U RS2 T AR B (B) >pH (A ) >H
[ (C), IEsCIIRFI, SZF7 43 1AA HfctE
Kt 550 ABoCy, BV pH 4 5.0, LR 37 C .
KRR 24 h, Z R R 200 Rk 2

~ 2874 a ~ 25rB ~ 30rC

= 5 2 i

& 24 ™ . 2

g §, 20F é

% ol g + % 20 ab ab

2T : g0 g be

< < b : 15+

$ 12} i S 1t 3 ,

o 8r = e bl d

4n @ sl 2

j o j c . é

0 ! -0 1 =, = ) .
4.5 5.0 5.5 6.0 28 31 34 37 40 6 9 13 24 27 30

PH R Temperature/"C Al Time/h

ARVNE ERFRREZR BE (P<0.05),
Different lowercase letters indicate significant difference (P<0.05).
B 1 pH. BREMZEFEBE SZF7 53 1AA B0
Fig. 1 Effect of pH, temperature and incubation time on |AA secretion by SZF7
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R 1 SZF7 ik IAA EFREUMETIRIGLE R
Tab. 1 Results of orthogonal experimental for optimal
I AA secretion culture of SZF7

i A pH B i C el I,;\I:’B(\:o/it(;i;t/
No. Temperature/'C  Time/h (mg-LY)
1 3 1 3 10.87+£1.10
2 1 3 2 5.66+0.37
3 3 3 1 7.01+1.15
4 1 2 3 11.88+1.71
5 2 3 3 8.37+0.57
6 3 2 2 11.35+1.30
7 2 1 2 9.31+0.78
8 2 2 1 21.29+1.82
9 1 1 1 5.87+0.37
K1 23.40 26.04 34.17
Kz 38.97 46.25 28.06
Ks 30.97 21.04 3111
k1 7.80 8.68 11.39
ko 12.97 15.42 9.35
ks 10.32 7.01 10.37
R 5.18 8.40 2.04
AESER/S B>A>C
BIUKE A B, Cy

*k2 EXRBERSEAERAESN
Tab. 2 Results of orthogonal experiment multivariate
analysis of variance

B2 3 %7’3‘71‘11. B ¥

Source of  Quadratic df Mean F P
variance sum square

R IE AR Y 0.086 6 0.008 18.151 0.001

A 0.011 2 0.006 13.286 0.001
B 0.033 2 0.016 39.116 0.001
C 0.002 2 0.001 2.050 0.155

R2E 0.008 20

SN 0.054 26

N, pH (A) FREEE (B) ¥ E NN SZF7 ik
1) 1AA 7l (P<0.05),
24 SZF7 E#RBIFESEMZ MU B o1
WYL SR R, SZFT IR EFPIR, %
o, FIW R = [CHHME (B 2), il 550 %
Fb X, S5 AE A B KT 23 1 190k 1R 5 SZF7
W R G eR, hiE 315451, SZF7 5 Bacillus
cereus AQ AH{LE A 99.70%.

~

Y

B2 SZF7TEZRZEBFRE (1000x)
Fig. 2 Microscopic map of the Gram of SZF7
stain (1000x)

10 pm

------ Gottfriedia luciferensis
- Bacillus tequilensis
Rossellomorea marisflavi A
- Peribacillus sp002863565
-- Mesobacillus harenae
- Bacillus benzoevorans
- Cytobacillus oceanisediminis B
- Neobacillus novalis
- Neobacillus sp002272245

----- Sutcliffiella horikoshii C
vvvvvvvvv Bacillus koreensis

Bacillus cereus AW
Bacillus tropicus
Bacillus sp006494425
Bacillus cereus AZ
{ Bacillus cereus AU
Bacillus proteolyticus
Bacillus thuringiensis S
Bacillus cereus AQ
SZF7

0 0.05 0.10 0.15 0.20

3 SZFTHMEEARZHUM
Fig. 3 Genome phylogenetic tree of SZF7

25 SZF7EHMEERANFF 5

BT RRHNANT, 583 SZF7 HRAY
FLH U1K/ R 6136 427 bp, A 64 4> scaffold,
Hrr, FRKhY scaffold K2 896 672 bp, N50 24
246 917 bp, P GC &l 34.75%. XS
FEWIRE S P BT, AR TR
251 COG Rifrik2 SZF7 HkkILN 4 1E COG
O P v BB () D RE JE D B ol 5132 4, Wl 43
23 N Thhedl (B 4). HrhEGERET 5 A YIhE
FER AR R S — D BE Tl ( general function
prediction only, R). #5% (transcription, K ), 2%t
% iz i A1 L5 ( amino acid transport and metabolism,
E). 20 EE/RR B A= 15 i (cell wall/ mem-
brane/envel ope biogenesis, M ). 7KL 4 41z i Al
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R ( carbohydrate transport and metabolism, G ).
SZF7 ) COG fRuifid i = 5 A= WAl R 2k
PSRRI (o L) 2R s S AN ( amino
acid transport and metabolism, E, 8.89% ). #k /K 1k
EWis kAt ( carbohydrate transport and me-
tabolism, G, 6.33% ). fifitiiz i F11LiH ( coenzyme
transport and metabolism, H, 5.75% ). 55155
R4 ( signal transduction mechanisms, T, 5.67% ).
TCHLE 7512 F1RE (inorganic ion transport and
metabolism, P, 5.07% ). R =4 5% 1k (energy

600

500 [

456
469
476

G: Carbohyd

B C: Energy production and conversion

D: Cell cycle control, cell division, chromosome partitioning
I E: Amino acid transport and metabolism
M F: Nucleotide transport and metabolism

production and conversion, C, 4.33% ). Jig 5 iz % il
R (lipid transport and metabolism, 1, 3.78% ).
By gt ( defense mechanisms, V, 3.45% ), #F
MR iz AR ( nucleotide transport and metabo-
lism, F, 2.90% ). A& i iz o3 il A A
( secondary metabolites biosynthesis, transport and
catabolism, Q, 1.79% ), X %&: YRt HH T Ak
RIAE S DD REFE R P Y 5 ik 47.96%., R SZF7
R AATE & A SC R fEH, A
AR E YA RE

I U: Intracellular trafficking, secretion, and vesicular transport
V: Defense mechanisms

I W: Extracellular structures

[ X: Mobilome: prophages, transposons

M Z: Cytoskeleton

400 F W uC

transport and

transport and

300

I: Lipid transport and metabolism
M J: Translation, ribosomal structure and biogenesis
M K: Transcription

L: Replication, recombination and repair

B M: Cell wall

177

FEH % Number of genes

" Q: Secondary

)

EFGHI JKLMNOPQRSTUVWXZ
COG3 COG type

W N: Cell motility
M 0: Posttranslational modification, protein turnover, chaperones
| B Inorganic ion transport and metabolism

is, transport and cataboli:

R: General function prediction only
I S: Function unknown
e B T: Signal transduction mechanisms

B4 SzF7 EEE COG Riffthaesn 2%
Fig. 4 COG classification of metabolic functions of SZF7 genome

252 KEGG RKifrikf2 SZF7 HRIYIEH 4 AE
KEGG %l 12 i3 B 5] 4523 A Thfig 3£, X4
6 NINREL . 4Rt (cellular processes). FRiE
7 S AbH (environmental information processing ).
L5 B AL FR ( genetic information processing ).
ANZEF% (human diseases). Rl ( metabolism ),
HHLARS (organismal systems) (& 5),

Hrb, Z2 54 Y AE R BEE 2R (L)
£ 4 R FIHE IR E 3 (global and overview maps,
27.57% ). wKAE WA B ( carbohydrate me-
tabolism, 8.69% ). ZALfR{CH (amino acid me-
tabolism, 7.30% ). i By K 7 1 4k 2E = Q%
( metabolism of cofactors and vitamins, 5.68% ).
fe 0 ( energy metabolism, 3.89% ). #% 2t
#f ( nucleotide metabolism, 2.90% ). H: {24 3tz
i ( metabolism of other amino acids, 2.81% ).
&AL (lipid metabolism, 2.72% ). W44
AL ( glycan biosynthesis and metabolism,
2.43%), HARAREY Y G B (biosynthesis
of other secondary metabolites, 1.86% ). T 144

J % % A A 35 ( xenobiotics biodegradation and
metabolism, 1.72% ) . T 25 F1 % Fi 25 1R i
( metabolism of terpenoids and polyketides,
0.95% ), ik $ 1) fig Jk R 45 i B sy T A 2R 81 1)
RESEDA , i ST RE Ak K B0 1) 68.52%., KB SZF7
BARRAS Y5 UGE

253 RBRMEmRABRESH WK IAH,
TE 17 SR R R, Hdr,
Cluster9. Cluster12 il Cluster14 J:PH#% 5 C A1
HE IR FE J7 AH LS 5 38 100%, %P SZF7 B4 7
Az Bk A8 R IR A% OB 1A Ik & B ( nonribosomal
peptide synthetase, NRPS) HUFERE J1. LAh, iR
A 6 ANHEEFES CH LA T
17%~46%Z [], X SEFE KL KR IR AL G4
MERRE . AR T DL R BN I R A G A
Ry

254 |IAA S REEMXAB SN WK 4 B
7N, 38 AN R R A DG R R AT T R A AT A B,
SZF7 H A E el ipdC K& P G i 14 1 e - 3- P 7 7 it
TR, %N s Ve-3- N ER R AR AL TAA &



55 34 M T IAA BUREE SZFT R IR A K T e A 4 739
Cell growth and death M Cellular processes
Cell motility Envirc 1 information prc ing
Cellular community-p rokary(_)tes M Genetic information processing
Transport and catabolism B Human diseases
Membrane transport 332 X
Signal transduction Metabolism
Folding, sorting and degradation [ Organismal systems
Information processing in viruses
Replication and repair
Transcription
Translation
Cancer: overview
Cancer: specific types
Cardiovascular disease
Drug resistance: antimicrobial
Drug resistance: antineoplastic
%. Endocrine and metabolic disease
3 Immune disease
"{5; Infectious disease: bacterial
¥ Infectious disease: parasitic
] Infectious disease: viral |5
Q Neurodegenerative disease |13
ﬁ Substance dependence (2
gg Amino acid metabolism 330
p@ Biosynthesis of other secondary metabolites 84
'o Carbohydrate metabolism 393
6] Energy metabolism 176
ﬁ Global and overview maps 1247
Glycan biosynthesis and metabolism 110
Lipid metabolism 123
Metabolism of cofactors and vitamins 257
Metabolism of other amino acids 127
Metabolism of terpenoids and polyketides |43
Nucleotide metabolism 131
Xenobiotics biodegradation and metabolism 78
Aging 124
Circulatory system |1
Development and regeneration |3
Digestive system |6
Endocrine system [§29
Environmental adaptation || 17
Excretory system [2
Immune system |6
Nervous system |6 ) ) ) ) ) ) )
0 200 400 600 800 1000 1200 1400
FEK B Number of genes
B 5 SZF7EMFEEKEGG RifHERSYE
Fig. 5 KEGG classification of metabolic pathways of SZF7 genome
®3 SZF7T EEAPHNEIH EY S HEREK
Tab. 3 Predicted biosynthetic gene clusters in the SZF7 genome
G FE R BRI O SRR AL FE AT AL EE
No. Gene cluster type Gene position Similar gene cluster Similarity/%
Clusterl RiPP-like 365 954~375 294 - -
Cluster2 RiPP-like 474 966~485 305 - -
Cluster3 betalactone 543 197~568 436 fengycin 40
Cluster4 NRPS 588 964~638 848 - -
Cluster5 NRPS 719 791~766 949 bacillibactin 46
Cluster6 LAP 166 923~190 430 - -
Cluster7 NRPS-like 94 096~137 669 - -
Cluster8 terpene 52 560~74 414 molybdenum cofactor 17
Cluster9 siderophore 58 471~72 179 petrobactin 100
Clusterl0  ladderane 79 824~122 281 S-layer glycan 26
Clusterll  lanthipeptide-class-i 72 228~96 628 subtilomycin 33
Clusterl2  NRPS 47 065~94 664 thuricin 100
Clusterl3  lassopeptide 98 526~116 920 - -
Clusterl4  NRPS-like 11 750~33 574 anabaenopeptinNZ857/nostamide A 100
Clusterl5  RRE-containing 9997~25 834 - -
Cluster16 NRPS 1~20 314 - -
Clusterl?  NRPS-like 1~3316 puwainaphycin F/minutissamide A/minutissamide 23

B/minutissamide C/minutissamide D

T R ARH

Note: — indicates an unknown.
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Tab. 4 Informations about target genes related to SZF7
EWES  ERAH SRR ik BPVRT A BT RIT AV
- - Protein sequence Nucleotide sequence
Gene No. Gene name Gene position Description
length/aa length/bp
Gene0666 ipdC Scaffoldl: 640 590~642 266 indole-3-pyruvate de- 558 1677
carboxylase
Gene3593 trpC Scaffold8: 192 856~193 617  indole-3-glycerol 253 762
phosphate synthase

5 LA BT trpC & DK 25 1 181 -3 I A R 45
B, RGE T I RR I IAA BB, DR
SZFT AEAE BRI 1AA A R, BA &40 W 1AA
[ TERE ST o

3 itig

P Py ) 702 ) LA R A A A
T WAL P i B R 1 X6 5 s i — 28 2E )
il Y BRI RE A W — D7 T M 1AA 4
ARZURESHEYAEREE, B—hEEdiES
4 A BN A £ 5 T ) 728 T St 348 i LA T
e e E T R s K E e S, WZT
T P B A A T R D, B A AR
EESEE %33 IPORIN oa S 2y - I K (oKt i
SRR B AR A A P

ARG B T I A R vk 1 AR
IAA MBI HT R SZF7, 20y TrEWr e %
BH H ly R 2F 90 1 ( Bacillus cereus )., IAA 43
R AL TR 2R o040« SR UEOIAR 1Y) & 7
TN 40 L K 4332 A 7 2R dEREAR R T8 2 K
AMZB SZET [T LAA 4R AT L TT Al A2 kot
BRI EENE . SZF7 78 25%PEG 6000 £l
TR %M T ODeoo fHim A 1.20, HTIFRESI N
MR, ZEROPEAE I 5PN E
KRR A 18 v 7 Ve SR A B HT R BR AR A 2 . SR,
A TR B AR G AR B R S i B 22 5%, Hr
WAA AR IR AT, ARty 2870
FFE (B. tequilensis) 43#h 1AA 1Y 5cidi 35 5 4514
1 pH 8.0, 30 T4 T4 20 h 7 k#7127, 25t
ZEHUATE (B. flexus) 70 IAA BYHRIE 15 97 4612
30 'C T4 44 h FEARIEFHRPY MAHET 3R 10 25
FFEE SZF7 530 |AA B S A5 F2 45402 pH R 5.0,
TE R 37 °C . KR FREHE R 24 h, HAHZEX3
IAA SR PR YA IR . pH FIEfE], e pH Al
JELEEXT SZFT BRI |AA 3 IEE J1 BA W50

|AA 73 IR AR A HT LI S B S i A
SRR e SR AN LR R S AR PR IR A AR,
TR AR S ERBE 1T 32 42 2425 291 4B
o W], SZF7 SRR G Y D A2 D K o5
e s, RUILAA R ICIEE 1 o LAk, SZF7
HA B . NRPS, IRIRAL S R .
BT IR SR B AN R 2R AR IR A Rl 45 1R A
€. NRPS 45 T ZH0 At (G- e & ml, X
TR2E W R E B o A B RO kAR RE S e i
RE L TR SRR R 0K 23 i 2R
KEFCE, IS RmE 2k E bR e i
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