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Abstract: Potassium-solubilizing bacteria (KSB) often attach onto the surface of minerals, and secrete acid substances capable of
dissolving insoluble nutrients, such as potassium, phosphorus, and silicon from the minerals, facilitating plant nutrients uptake.
The functioning potassium solubilizing mechanisms of KSB are key for soil quality improvement and sufficient nutrient
utilization that are essential for sustainable agriculture. Recently, mechanistic understanding of the KSB functions and their
potentials on sustainable agriculture has become a hot spot of focus of the study on soil microbiology both in domestic and abroad,

and this trend is likely to continue in the near future. Numerous studies have attempted to address the biological and/or
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physiological mechanisms of potassium-solubilizing processes (e.g., acidolysis, enzymolysis and polysaccharides complex
dissolution, etc.), and to identify key factors regulating their performance in both lab-scale and field-scale experimental systems.
Nevertheless, microscopic mechanistic understanding of the functioning biophysical interactions between KSB and soil minerals
remains largely unknown, and remarks a key for untangling the black-box potassium-solubilizing processes. This paper reviews
recent advances on KSB diversity and specification, and their implication performance, focusing on biofilm formation processes
onto potassium-bearing minerals at single-cell level and the driving forces, and their consequent functions on soil potassium

utilization. Numerous advanced analysis technologies and cutting-edge methodologies devoting on KSB investigation are

summarized.

Key words: Biofilm; Bacterial motility; Optical microscopy; Planar optode

8 ( potassium-solubilizing bacteria, KSB)
SRR A S A3 B R I — SRR A B T
VI AnTa , R Y BR L A S S A T A B
R, VR 5 0 4 a A0 ST ) i ek B
FEAE U R B R Sk T R 40 TR P 4
B, LA B KOBAAE 77 A0 I R 1 R AR A P
2 BEEUR 2 BECWE Sy — AR Aleksandrov
R LTI . MR A R A . - EER AR LA
FAEE R AR A, AR A A DG i 5 A2 B EL Y
GhFF I )IZ RE ST

TIEP R E A — | TIREZHE . AR A
AXCRE A8 30 2 43 il 5 B ) ke H i - B AR
T L A 5 3 3 A 1 498 vp i 2R I ( an 1 S IR e
T AU UG AN R Il 4 ) Dl S M4 TS ROV L
AT B2 2 S 0 S A K U Ty 1) - il S5 e Ak, T
P R A E TR AR Y, pesh, R
TR BEAE I 1 4 WA |k 2,2 (indole-3-acetic acid,
IAA ). -2 A PIEE-1-FR 2 ( 1-aminocyclopropane-
1-carboxylate, ACC ). #x% 2 ( gibberellin, GA ),
Bk ( siderophore ) Flfi % i ( deaminase ) 254
FORAR HEVEY AR K, (R B X R AR oot 1 ) 32 s
AR, R, FREEI R R
W 2 A W A i 0 T A 7 ) A T 1 VR
T .

ARk, 2EE TR E N AR K
GO X AR T ORI AT T KRR, R B
S RE W e v HIRAE Ty, $RTHEY P R B
Prajapati Al Modil" ' f #F 55 45 S 2 W] Enterobacter
hormoechei 17K 35 74 T BB 35 34 0 2 NA AR K |
FRACZE RS | B . B R SRR A A
Sugumaran I Janarthanam!" )3 5 13 47 12456 & 48 A

MERJE +-3Erp 7245 20 Bacillus mucilaginosus 1%
FhAEA: , AT R L AR S AR
o b, o AR Tk B R i AT LR
e, MR AR IR AR
e YOS E) € 2 73 =AY N |8 SN G T 2
Ay B, Ak, EE AT R AR A
BRAE At HACR W T T 2 0GR, 45 RRWAEY
PRACRERE = A AR . BE . MRS EY
P AT PR AR B A R A IR T A
b B R S5 AT A RO AR T, AR A A A
RIVEMIR A

AR, RE¥HERETHRMARES S
Wy al At A 4 {2 ZE MR B ( plant growth-promoting
rhizobacteria, PGPR ) 454 it X E A= K A 52
VFZ R R S 800 5 A s 45 61 A= e
BHEH], TR — M RAL G . BRARA: P A
B R F-Be 129 Sarhan Fll Abd El-Gayed” ' 5¢
TR AR BRI 45 G — LA Wl (e e
JEFERR FNAGNAL ) 0Tt XS AR A8 7™ 5 AR S5 1 58
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B G256 il P X A A 7 £ 1Y) 52 e T g 35 [
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A5 PGPR LM GRSV AER LR,
B+ R o e pt o7 20

AT UL, RN 32 S A R TR 0 T R TR
HOFSE, SR 52 M fif B TR R AR ) Y OCBE——
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TARZ%

1 PR 2 WL R AL

S LR, RS T UL A B R4
B T AT R HLE B AN R Al
PR S BRIV S ESIE Y R A1
T % B0 B RE % 4 W M A R A W ( extracellular
polymeric substances, EPS ) 145 i1 i . SR MM 5E I,
BRANGE “EPS 20 b it A1 4" 520 Hofg 40 5e 1 4h (AN
[FIZHTE EPS 43I Fh S AN & 22 A0k, £ 1), 415
iz gh Ve A gE O R, s sh i
R 20 TR AT ) 2R T ) 285 BT 2 R A ) AT B e 4
VIR RE S . TCHLER N LR 1Y 7= 2 5 R
PR FZERL 20 A v 7 A (9 HILARR AN EHILR
A DLIE Ao B ICHC JR R A 19 pHL, ELEEAR HE S 30
AL, BT 3SR B 1 R4S Bk, 4 e PR BT
SR, S—JriE, A RIEAR IR AL
W5 S0 Y i & s 8 T & B R NIE 4 & - HL
AW, WMBIRE Y aity, fEses P e i B
B, GroudevP™' 1987 4 15 Y & BUMLAM 2 M fig
e = A A AR ) . AN R S B %A
TERMERER, EfaEST P Sit. APTRN K
24 I ot & 80 0 o) Rl Lin 2PV
HIRFIE R B, B. mucilaginosus BRE ™ 4 1) Z BRI

W B HLER I BT & AE A 2R T, AT B P R
X A PLRR MR L3 = o BRILZ AN, JEREZHE L
FIE 538 1 W2 BFF S10, 52 M) [51AH FITVRCRH (9 77, AT
T Si0, #l KB . B T A HLIRFIZHESL , fif#
WA WRE A (Sl ) S5 & e

— i, EARTEAEAKAERNERA (Z
B ORI S—IOrE, TEVWAAETER ST, 4
A HE 08 38 2o R OC Ty BB 256 PR A4 1) R 3K >k S AR 1 B i
P, AT B A B B R R il

Chen 2D ffi F XU B HL 9K (two dimensional
electrophoresis, 2-DE ) WF5E I8 i 2F HOAT B4 40 fre i
ATPLBRIY, A BRARBRAL (5071 ) B ARG B
MRIBRSXIRA CRETY) Mk, EERE
FIa 496 4>, Ho, £ 207 NEE BRI HTE IR,
214 A EE T 3R L o 3k 3R WH A R 7 XUk A
IF B B8 WO BHG N E LE 2 P p R aA, X SR AR AR
R AT e 5 40 b g AR 95 . 38 AR RS 5 Sl
E ¥ P

2 fEAT RO AR AL

ST - R M EAR R A TR AR
SREEL AN R A o W 2 BRI T S T R
TET BT T BG4 AR ) 5 A 35 A 8 2k HLfige 00 1 e )
TR, AR A B R 4 ) B OR A
XS KA R B OGHR D 4 (H B R O

x1 LIEDBEEMESE (BIYDY. E=ZRFEREFZEME)

Table 1 Characteristics of soil potassium-solubilizing bacteria (EPS secreted, gram reaction, and motility)

LS IIEA ¥ -SEx7] B2 Y B

Strain EPS Gram reaction Motility

B. mucilaginosus®" BRI . FLR A Z R — B Rz gt
PP R FISE SRR D) + 06 B (ALEREE) B

Bacillus globisporus™ HHAER . CR . AR .

R WA . TR

il 13— TR BRI I

Bacillus circulans®” e . + 139 gl (L) B
PR A TR Y
PRI . AR . IRIR . FOR o
Bacillus edaphicus"® ) " - o Riz gt
SASLIR RN FE N 2 A
Pseudomonas aeruginosa™" B . AR A R - B (g ) W

E. hormaechei*” TR AR IR Y - Zg) (LS ) U
Acidithiobacillus ferrooxidans™) T 7 — el Riz gl
. EPS, MISNEEY; +, BAME; —, BAtE. Note: EPS, extracellular polymeric substances; +, positive; —, negative.
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RIS TR, PMEDDSESIBEGE T SR ZE AT R 7E
Y TR - ) A A 5 TR A fi (T L OB B A 7
IR ) PR X R 0 KR o A TR 5%
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FHIL [E G SR80 A 0 2, H B 424 Y 5 B2 ] 1
KFEFEAER . Beoh, W2 B 5 25 5 th 1t
—IESE T W, T AR v B R T
TEHE Sl i 00 32 252 (Rl R OS2, T A 2 i s 39
F 2 A IS

[ FE A i . F AR TR A A TCHLIR . AHLIER . £
Bl DL SRR 1 A ) 0T R 8 3R A BE AR EA B pHL i
R A B SRR AR S BT B A T
AT F1 B e o8 3 S 40 J5 43 W AL 381 %) 4 5 Ak T
2 BB, BT E AL R AT R A Y B
4r ( bacterial competition ) ol B (& /B ( quorum
sensing ) FE( . TEFRDEEZ B, 405 1355 Fr
ML 58 08 02 {7 1) S0 0 WA R B A 7 ) | Tl ol i
HhEEYAF, s LR AR ) EPS, Sk 54
HARZF IR S S A AR R0 i, gnp
A DL 3 1] A0 o ik s CREBR AR ) 1T X
PR 2 MR R BRI R L G 3 G kAL
N, BRI AT 5 R T IR &),
1M FL 38 AT DLKs — 22 R 30 T ) s A 5 ) rh iy
BB TR, DT A A T R Xk A s B 5 4
iz sh Pk K H A i) EPS (UNZERN 2 . ER2EHERE A1
JE W7 BRI -2-%8 — R 45 ) A7 B T3 S 4 AR K A5 1), 38
AR A ) B 1 T IR 4R v v 4 S0 A, A
Ag o 1 Ah 53 W 3 335549 (autoinducers, HIE5
G F ) RIATRERENL, MF S PR AR —
E R A ], TR AAH G DR ) 2R3k i 2 9 s 3l DA
ol A AR JE PR B 455 1T

HEA . PR PRI ( single-cell ) AT
HESYE A EEB) sigshizin KRBT
VIS ) W7 BB T Y, T REPE.
AR s TS R R A R ) R PN R ROR
OB B AR AR AR R RER i &R 2L ( Reynolds
numbers, £ 107 )Y /K 345 ( acqueous environment )
o, HERE I mT DAt R £ ( diffusion coefficient,
D) RRAE, feshtEdirE (U Escherichia coli) #E7K
TP RN 41070 m*s™, Wi AEAE D)
BEJIAITR (NERHEER E. coli) BIP BLRER
230 3x10"° m*s™, w/NFEshgEtY, ARAZ

) HE 1 (4 FA A0 R A K TP Yz Bl 3 AR SR A ] i
2, HY BR B A AR 5 T 5 AR RN L 1

MERY, AR
2
_<r> (1)
4t
£, <> KH¥H A (the mean-square

displacement, MSD ), ¢ AH}[E] (time ),

T R 45 /N A PR 19 A B 15 R B0nT el 30
Fore -2 R 38 )5 % ( Stokes-Einstein equation ) ¢
15

KT

D:
6mna

(2)

K, K NI IR2% 5% %0 (Boltzmann constant ), T
J 4 Xt R ( Kelvin temperature ), 5 b %
(viscosity ), a M F2}42 ( particle radius ). H AijSE
5 CUEB UL LA KRN 2 S T Y R
B, HEMZEAK, AR 10 m’s',

M4k, Lovely #1 Dahlquist®'F 1975 4E Ik
S5 T T A TR 4 S B BT YT R B
7‘5‘?% H

V2T

= (3)
3(1-a)

K, v oRiEshHEH (speed ), T RANMHAIZ S
I RS- 24 5452 15F 8] ( the mean duration of a single run
trajectory ), o A€ A EEAR X2 (the mean
cosine of the angle between successive trajectories ),
HD T BN Y = 4 is s Bk . [FIZ A R K
ST EAR AR SR CInET iy 17 o B A B
AR SE ), 5w S PRz PR A TR 22 5%, ib
7 WA TIEATHZ IR ANT S .

R SR T B 2 R AR N A B T R
o BeAh, ARl FIHFE TS 2 ( Fick’s equations ) 1%
TR EE T A R PR K AT R AL

oC

J,=—-D—+v,C (4)
ox

b, T x R E R (flux at pointx ), C MY
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FPEEUEE ( bacterial population concentration ), x A
x HHIEEES vy MR TE x #HAGEEE ( the velocity in
the + x direction ), I (4) NIEFFE—EE, EHAT
W EE e S Y L ( steady-state diffusion ), J, 5
C HABERT A8 4k, R — B2 R #ok 2 /0
Y, iy BOE 2 a0, R BN RE R (] 22
fbo SEhr b, HARSM T KR8 Hud B ek
A FM T #HITH,

2
%:D%—vd% (5)
Kb, COMANTRFREREE, HAEREDY HUR R ¢ 224k .
X (5) RWAETES e, &M T EEBE E 281 Y
JEFES P HL (none steady-state diffusion ).

[, = (2) B3R R R J 55053 F1EK
R B R ECR A 1077 m*s™", B K T 407 B HL
B ERR, FEE, 7 RA -2 Rk
BBV, A0BE IO BORBOSs B R I B ©0,
UL T I IR 53 53 A5 oy BN IR [ - A, DA
1 175 5 240 T 0 o] -9 5 T R A 7 Ak iz 3l 3T AR W)
5. AR T BE S - 99% 114 41 TR ER W B F A= W ek
e RTE (AN R IRARSE ), DUEMIRERIE
SAFAEIE B FEVE R BB A A PR Ui 0 T
ROV Ao 2 AT AR B0 Ay 2 R T U 4 T ) 4
YTz B A | BT K A= W IEE BRI A S A
XA SR KRB A A B (] Te):

(1) RENE: KEPADTRIFHE TR 2
47K ST - A 3R

(2) AT B B B - 200 T A L e [ -3 5 e
IHTE WAL= LR G AR 17 R A3 B 3 T -
LT

(3) ATk By B . 405 40 i o [ - A
()R] 3 B [l AN R R RS

(4) "EVBIE B STER . AN ] 08 5 B A [ - A
TAD b %) 240 K 3 SR 5, T8 U AR W
S A W I B 1 2 B T A R 7% O S B R -
21 REWE

TEREN B, MR MEshtE (ks shabEil
iagl)) BOKWM B O L E FSIEM . RSN
WA, HAWsh (swimming ) 6871 B4 g
A5 B F B HE T ik i e e W b it Tz s, g

FARYE H B HEEIEA (AR EMEGE) b T £
Pz s XY, mMEAAMEERE E colil®™ |

Salmonella typhimurium'®*H Bacillus subtilis"**“53,
TTHIATHE-BIVE (run-tumble ) i23) (WNE 1a), M
R TR, 0 00 P T B 4 i — SR T 3l 4
JHL 1) FiT 32 B, 17T A AR T Ao 4t A DA PR A R T Al
> LG ST 1 e % SR I, A8 B R )
SIPRAE TR RE Y ] B T AR T T A A g AR
ARLCCOTT i BARR AR P ¥ TR FR T AS 3 1 T SR Y
BOFBENLIERE Jy 1), Hag stk o & 25100, Ry,
2EFATIN N R G iz 2 AT DL By FrAR AR 4 i A
SEILHFE N, 3K S B R A W IE Bl RR A8 X /N A L R
LN SN SN Wita o - 11 0 I i W e A g (iR T 2 BT
Je 1B A AR E S Tt R spheroides' P R AT
RO A -15 1k (run-stop ) &3 (WK 1c) LI X
Caulobacter crescentus I P. aeruginosa( PAO1 )74
PATHIRTE-JSIB (run-reverse ) 123 (411 1d). H
i, T PAOL MZZUAF7E4HY, Qian 457
B 57 % B 2 3 30 run-reverse-turn A0, {H
Stocker® | A}y PAO1 #Yiz 1R Al 4% MR run-
reverse-flick £, ITAEA, WF5E 11 & BRI P
0 TR AL T LA S I B AR (e o O S
AR R el AR T HE 7 1], 4N Vibrio alginolyticus
PATHIRTHE-J5 IR -42 90 ( forward- reverse-flick ) iz
g CanpE 1v) VO, sk, ESERRETE T, AN AT
BEHLE S LR A Z . — 7T, ARk 2
AN 2 sh 1, MBI R AR KT 10 57 B,
B HE S ISR TE A TR i B b R ¥ B,
BETYIHR AT 10 s BF, YU A it f w4
I 200 A - 3t A A T Y 4 P 0 ok T S AR B B
U778 5 — i, B AR R
T 24 P 40 B i R, P R R A vk 284k, O
W5 AL MG, A HOE 81 B B e J7 1)
A e A Rtz 2h 10 5K Sty TR 1
sKT3, HHE R R SR T (BRER A FR) ),

YT A R T 2 B Bl 40 B 3 Bl I - K L

DI A AR A5 15 a8 i 5 2 P L 32 4 L 3R SO
ME TR T, FeZAd 4 P R R AR B - /K (1 7
(IR /S 8 DG i o i3 =g (T =
i fbis B S AR TR & = IR o R B iz
Sh N M Tl A S, AN EAE )
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AE T B 20 B 2R 4 KU S DR 27 SR RN K S R A . I, FRATIE
Wiz sh . EOUIREMBT OIS BROTUINR TR I LRI -2 DR B S i R A B
JERREESN , MBS RS ToR L . pH, MRELOY)  EREMSCHE, HARE R SR 4 S S A
F Yy B AR EORUBE BE T s e SO S ) R iR R B A W IR S s e

Run-tumtge D et . Forward-reverse-flick _ Run-stop Run-reverse
gt Mit-EERE & L -
. Tumble o
Tumble, i ?‘““@@@ .
Ved W
50 N s
27 : '
~~ Tumble e
* a) Q)i d)
W7J<
i{ I
& - - § ~ 4
; / ' RN

Peritrichous bacteria

S A

Monotrichous bactera

)

Mineral

TE: a) ZUEMBRE (W E coli) AR HMIZF), BiE-FR (run-tumble) i23; b), ¢) Al d) ERRBAEM BRI A b
iagl, UL Vibrio alginolyticus NI E-J5 B -5 50 ( forward-reverse-flick ) i&3), LA Rhodobacter spheroides M )iy 2k -5
1k (run-stop ) 323, LA P. aeruginosa (PAOL) NI HET#E-J518 (run-reverse ) ia3l; e) NAHE-T W HOWAE FHid 2. Note: a) stands
for free motion of periflagellates (such as E. coli ), like run-tumble movement; and b), ¢) and d) for free motion of single polar flagella
(V. alginolyticus, R. spheroides and P. aeruginosa ), like forward-reverse-flick movement b ), run-stop movement ¢ ), run-reverse movement

d); ande) for bacteria-mineral microscopic interaction processes.

BT AR AR A Y IR G A

Fig. 1 Biofilm forming process on mineral surfaces

22 TWHEMEME (PEE LM 20 pm DL AY X, ASEE, BELR AR
TE AT 35 B B B, 4B B IR BT - /K T A T X3 RFAE T AREE ) N, Bk B B b AR Rk 55
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& F 3 DLVO J3 46 )Rk midk L ik #5112 Molaei
AT AR I BT 24 20 pm X IR N L E. coli Y tumble
IR T 50%, HAEN M FERmRT 57
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SRR A YA RS, MR s T
PO AR N T B 2, T [ ST (GO B
BN ILA B ARG N I AL ) B9AFTE X235
M) X AP AL Bl , DT B SR SE i A P A B iz B, X
FALTIBEFR KB A EAR T, AT DUOR A2 2 48
PR FED - /K FLim i s i M — AR i A
P VA VR ) T A T S A, fR 4R T A A R
ERFEHARAER K TERTWE LRI,
MEAE S oy A mt Rt &z s, Fef, BT
HARBKIE M 7 Az 1Y B 7 25 0 40 f AR 15— S A T
STHT A AR A L DRI A PR R B A T X D) —
9 71 BE ) T R it 2k 0z 2l I 2 ) S T e A
FEAEUO S BTN ATER . KON L MR Sk
FHHRRAE . 8 22 (28 8 SO 5 S e w4 A
YT AN [ AP SE AR 25 57, LT Iy 1) R B A
SR IAFEAS )B4 560,

MY S A HAHBE R Z) 9 a (a MARMEAR A )
W, S5 A AR K st s E Y (HEE RNV A
WE ) MBI AT 240, BT &
Wi 240 BT (1%) 328 217 3 2 SF 185 01 240 T 7 SR T 1 455 B I (]
AT f 40 288 B 281 A 1k v e ST Bl B RS A
H— D4, MEMEMMBEINVARIEE (type IV
pili, TFP ) JFF 4 J 1 2] ST i 4778 JF 0T S 7= A i
BPERT, JLrf TFP 3@ A B py s schn i g S0 4
HER YRRz 8 ( walking F1 crawling ) X 41 7
FEA R B 4 2 1 25 T R S S — i,
55 5L T A 4 fi 23 400 TR S IR O BESE AL TFP I
A6, MR 200 B A ST A PR PO TS R S
Wy -oK S nY R RS g — 2P 4 B K2 50 nm B,
DLVO ( Derjaguin-Landau-Verwey-Overbeek ) JJ ( I
PEACHRE EL W5 | Dy A s AR BHE TR O ) R R VR
P A DLVO Jdfiak, (HIX AN B IR 5E H.
e T 40 it A0 5 1 A P B2 R ST 4 2y 5
AR B 5 Ae ), S R A A R U AR A B 5 g
Wit B 1 2R T A R, R A L ) U 2 T Y
W E (A s ) HE A T E A EHE
J§FION M Y0 R A0 R T A0 S T A A R R A

£ (energy barrier ), fEREIEHBIMFE—MERZE

v Sl L EL

K RE & fe/IME. ( the secondary energy minimum ), M
ST B TR RE H dw /M ) R S AR LR kL
gk CRRE, PR THWEFIRE) N, XAEE
B R AN T 5 A R T 02 A A R B R B 2R
—2, G TR 4 M E R E SR s M s iz Bl
FAXAMLE, IR AR E. B, K
T DLVO Jy e 40 ] i B & B Be A AT A7 AE 5
W, Vigeant VA Sy ] 536 15 R A 200 6 S g A v 14 B
BIRIE, JFANREM] DLVO Jikfigke, DLVO J5 Hik
FH T4l 4 200 57 DA ] 306 B 380 AN w3 B B

Li SV B4 40 B 7E A i R A2 s, A s
SVE R S WO, X2 T4 Wiz g2 il 2 o
£ D[] - Y S T ] (%) R, T 5 e 7 5[] ) 7K 5
J12EAVE R DLVO J3 45, DT A A Hoxt FL i 4 B 4 -
XL Ak AR AR T Re s 23RS 48 A ( non-
swimming bacteria ) Fl2% 25 {0 B A RE T 0 Ui 3l 24
& ( non-chemotactic swimming bacteria ) £ #J-7K
R E N FEEE A, BN E 2z, TEE R A
-7 ST Xk (K 29<20 um) J5 ., K3l 12448
HAREH IR Wis s e AR i RS 20 i 5 -
TR T )R S 4 /N (<9 a ), KB 1AM EAER T .
2 TR 5 S TR () %) R A8 T ANAT BR Az S RAE T s M4 i
PR A (<50 nm) B, A A RN
W TCIE e . HLAH AR AT R 8 2] [ - 5 1 45
L T e DT 6 B 28] B 1 b, A e - A T ()
WK B 12 EAE 6K, iy, DLVO Jj . #ff
B FITR B X T 5 1 04 2 B AR R A B s 3h Ak HE AR
FH o 3 352 16 o 240 TR 4 AT 36 B o S0 ) 3 T
PRI REME . MIZELLRY B, METIREE | W oR
FE . pH FfE PR ML A1z 20 B s ) 1) 28 U 2 35 25 5 )
AN S B = LKA
2.3 AHEFEMERER

TEAN R G B B, 4T -5 8T 4 4 1 e s 3
JUT982K, 47 h Al 33 B ) A nl i fEE R 88 . it
i, YRR AR L 5| 3 AR K AR LA HI( hydrophobic
interactions ) #2 EFAEMT %, B AR TR R
TR FRIZER G HEE, M50 P rY sk
YERINE 1, AR PE R EHE 2 ek 4
FErr, AHEIFAR 58535 EPS, 4 DNA, KT,
A, MR Mias, X Su ) o T LUK 4 TR A3 if % 42
oA, k2 R A AS AT S p 2 2 400 ek,
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THIEA TEP Sk 2 20|, 400 2 P (5 ) 4
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GMP ), BT 200 T 75 5 10 4 B 35 S22 1] . BRItk =2
Hb, SHTRHEE A TFP X T 51 0% W B 25 Al 1
RIS O PR TR R B R TR
B E P 3R A S TV ORI 0 R K A BRI Bl fR
B Wy B0 2 0 A R o kAN 55 2200 N R e B e A
H: B0 77 911
2.4 HEYEERSEIFHER

TEAWIIETE WS TG R B , 2 B A T 2B K S 5
SRR EPS, TEA W THIE A SN AP i
AW NS | S A2 TR A7 T o8 A
I AL AR R R0, e AN B b, AT 4y
WA EPS i bR WL AL e E B R i
fifk LA K A0 TR A TR TR AWM . PRI, SR R 0
EPS (R FIE i X T Al R Ul B R %

iR B T 1 3 Sl T AR O TR o Al G
EPS TEA: WY iUS  BA AR AR AL, A
BV % WL A AL 2 2 I EPS BUMEHT, X Ua i
PR AW A R FE (OO R BILER] ) 5 R T
TSR AT 4y, BEAREE, Bk ARy
Bl T A 20 1 B T 00 P 0 T A 3K T )
PR R TIE ARV, DLRCORIF B L R i
HAR R EH R R, W s T e w A B
BEE . K EMEAER . DLVO BgFilA Wiz
S EIZE R R B . AL A R RE D R R
i BRI ] A I S S I — A T 1

3 R R T BRAIL R AIE ST 00 R I B AR
FHOCHIE

R B 22 T R R B 22 Kk R s T A
BB EAR (e B R, 2N RO
s BOCHRAE RS . BT BT
S ) PTG B AR SE A2 S 535 R DO fif
PR PR AL IR AT B HEHESEICIE 2 ),

e B (1) By 2R BB (digital
holographic microscopy, DHM ) = %J& LI ELH AR
FOGA 0 G AR W 2 I S BE E K 3D $e R,

T B BRI 4 R B I W 5 SRRz 5 6L, BT ¢

BT = TR, R 2 BE RO 0.6 nm, AT
BERJy 300 nm (BORTYHREE LA ), ENE

BRIk 4 mm ( 1.25 £5 ) B0, 3% 0 s B mir e i
TIRIECFA T AP TG A 20 1 =4k 3L
TR | = TR A R AR R TN A
B AR L A B 55, DHM AT LR 00 0 i 0 B P
TEUERASIZ Bl 2 5 PRy SR B S O A G BT
METE R 3D Bk, [ i R i R
P YREIES B, (2) 2N RFTO0R B
(total internal reflection fluorescence microscope,
TIRFM ) JEF AN B A B B G B BRI A, (8
WL EE BRAE 7R LA 4K (200 nm, #%J2 100 nm )
B G 2 P Y S AOR o 2 BB T T T 4 A
By g AR AR B W R AT O BB A
it S 187 P ORI A6 021931 TIRFML g A 000 2 M
PRTE 2 BT 53 T B L S KR L Y 1 3 Bl e
fit, H.AEAE WL 521z SRR IE BE AT 5 5 BE 8 Yy ks
7= A AR ARAE BT (3) ORI IR A1 0 R
( confocal laser scanning microscope, CLSM ) J&—Ff
W REOR . m BUBOLS R RS AE BT — R BB
OG- RHOR, HORMEEATIA 32 000 1%, 7B A]
DA 03830 e 1.4 A5 s T A
FER W) = HES5H , RARN AR ST U A P,
ARG ORI AR O MR 454 40
e 5 sk 2O EARIE, CLSM R LA T LI g 0 1 1
S A2 Bl AR 3 R ) 3 TR 18 AR ) R 35
A UL SRy 2 ThRLRS BE Y SERE R AL . (4) JET
%% (atomic force microscopy, AFM ) J&H]— ¥
[E6] 2 11T 275 — i 2 AT 290 DK R A 2 1) 3L BRI ke A6 T
Ao it 2 TR 45 P = A 2 300 5 i 7 5 0 59 T 0D 400 T
240 6 =2 i) 1T 0 S A AR OO 3 e e T A
T B R R LA S R S R
[ DLVO J3 &5, X B A5 W 00 T i LA B fige o
PRV TR 8 ) 2 T 1) S Ry & G d ),

HL S B e AR i s R OTGTR, W
WS, AHERITIE 0.1 nm AR F 622
L B AOBE o3 S i S L B AUBE (transmission
electron microscope, TEM ) Al T B il 55
(' scanning electron microscope, SEM ), Bi#&E & H

W B B A T R AR, TR R R R RS
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b) b)

[E: EDS, AEIEAL; a) EdEST RS (TEM) MM ARETES G b) W848 WEt (DHEM ) 5 415 = 468 3h Pl
BRI o) 2N PO BME (TIRFM) R R T YR S (100 nm N) 19 =402 31 80E"; d) RFEF I B
B (AFM ) 330 ()30 51 DR 18 32 20 /0 R s ™™ o) i PRDEREEAR (PO) M 4 pH A M 1) ok dt®R
P WA (CLSM) AR A0 T 76 S i fa oA R U @) AIETF 1 e (AFM) SA8RAT PR A YIRS h) b
5% (SEM ) 158 f9 5 4 Fe RUERAE 151!, Note: EDS, energy dispersive spectroscopy; a) Morphological image of bacteria taken by
transmission electron microscope (TEM ) "'7; b) Three-dimensional motion trajectory image of bacteria taken by digital holographic microscopy
(DHM ) ") ¢) Three-dimensional trajectories of bacteria at near interface (within 100 nm) reflected in the image obtained by total internal
reflection fluorescence microscope (TIRFM ) B¥); d) Image of interfacial force on bacteria in the near-interface region obtained by atomic force
microscopy (AFM )!"'¥]; ) Two-dimensional pH distribution image photographed by planar optode technology (PO )!'**); ) Image of distribution
of bacteria at the interface captured by confocal laser scanning microscope (CLSM) "1; o) Biofilm image in the mineral surface taken with

atomic force microscopy (AFM ) ?Y; and h) Mineral phenotypic image obtained by scanning electron microscope (SEM ) 1'%,

P2 A0 G O LI5S R DG H AR 14

Fig. 2 Technical drawings related to researches on microscopic mechanisms of bacteria solubilizing potassium
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