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Abstract

Biodegradation and alteration of stone monuments caused by the growth of
microorganisms, necessita the implementation of ecological microbial technologies,
assisted by metagenomic analysis methods, for the sustainable protection and preservation
of cultural heritage Aside from the harmful effects of microbial growth on stone surfaces,
some microorgaisms with proper utilization and management of their metabolic networks
could contribute to the restoration of damages. The study of the beneficial effects of
microorganisms on stone substrates involves sampling from different types of
biodeterioration of the monuments Eupalinian Aqueduct, Holy Monastery of Panagia
Varnakova, Afentaki Monument and Deligianni Monument both at first Cemeery of
Athens. These samples were cultured in the laboratory using various nutrient media, aiming
the growth and isolaon of microorganisms fosequencing and taxonomic characterization
using metagenomic methods of analysis. In total, 86 out of 117 differantphologically
microbial colonies were identified, with 52 belonging to bacteria and 34 to fédgr that,

the bacteria were cultured ifiquid nutrient medium to determingheir maximumcellmass
concentration andgrowth rate. In addition, evaluation methods were conducted to
determine their ureolytic activity and the enzymatic activity of carbonic anhydfasthe
selection of the appropriatdacteria for the directed deposition of calcium carbonate on
stone samples from the demonstrative monumentde native bacteria that possess the
optimal biomineralizationand bidixation capacity of calcium carbonate pgione substrate

are Sporosarcinghermotoleransfor the Eupalinian Aqueductyletabacilluslitoralis for the

Holy Monastery of Panagia Varnakasad Micrococcuduteus for the Afentaki Monument
and Deligianni Monumersdt the FirstCemeery of Athens.

Key wods: stone surfaces, bactexi ureolytic activity, carbonic anhydrase, calcium
carbonate
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(EyssautieicChuine 2021) & Cw ot L N >At >80T >h A7t R h =
> 1 h <7 - <BE ., ANZX ” T ) Y ¢ <Y, "7 7nh
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(StanaszeKomal 2020).
14bH [ & ' h <<  A_ 'S T hThuTA_ s
K C”“" 'h'h]v/\_Bl "" B ! Bhy"‘/\ _'/\ h/\h'_
B - ' h AB " B . A SA' > , A B v h ~ _ A h * h - ! 1B
L*h¢ SHEAY6ThC h s S hj~<w LA Kt i h <ce¥ A T
"VCE<W‘V /\Ih/\h‘_"<" __'. C __I_1"¢" h/\h'_ \VAN
YUt oA_ N T s hah JoseplR@21)>' S T T T ah At >_ A 4
Duaikol Anpukoi DUOIKOXNMUIKOL Mikpoopyaviapol
AvBpwmoysveiq
- - o TIHROYOVTEG
( Ozppokpaoia 1 pH ) rH}\lcu(r'] aKTvoBohio
[ oot J| M| oo
1."Bph " hs~A_s -~ s hahy StamaszeRiomal 2020) T i ‘b ¢ "
14bH ®M ¢~ > ¢ " h > oh
E ‘8 >7¢ h > h h‘“_5<5’ _' '>h/\_'¢'_|s" - " h >
l" B 7 >Y ¢ 7 h ' 'h ¢! B,'V‘ >t ¢ "j'hﬁ‘“‘ h/\h'_\ '.
ooy B8 >Y ¢ 7 h*h > >|5h/\__"'"" ‘_ls,’/\_ h>® - "C"'_/\_ h=77th¢ n AR~
jW<_"_v 'B'>VC'h‘ h ¢ ' B,'v'z‘_v - Y > h B~ _‘.I
B,C'h_' y - A" 3 Yo 'B"“'_B"" St ¢ 7YY " 1 h > Y
Lt.>h Y 5t YT h ¢ >dR0 @(Standszedoma 2020) ., >s _h v My
K" >t ¢ YY T h At sy h Ah <> 1 h S B T jow< ot ‘g
Lt he " AT A he C B _5“ (.'h_'JV"BI(D K" . L , U<
‘8 >Y ¢ ht B[ T > hws o, 4547 € hSss Sy, L7RCn° pp
15 B 7 >h ¢ <’ >h h 5 v B¢_B‘B'>W/\B _'/\ '« h¢nm
L o<w 1 * h¢ Sh A B s~ '  h A * h¢mn B 7 >Y ¢ 7 h h
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> ¢ T Y7 h AT T > T T 0 <Y A T >h A O T > YA
-y oy h .08 tcon 1 h > > h >B 1 h <« B “ h ¥ n rE's
B"/\,Bh'_hz "“_Qh‘l‘_‘“ B“_tls"¢' _.'/\_ <’ UAL A "n“
s > ¢aAL. " 4 7h o >_ A ¢h" Tenoteetah,s2028). * " h Tt L T s
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[7pH _ 7. <t AT ST o>h 7 B~ ' " s hy s’ ! >
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¢ h * B 5’4V| >'¢'VV'Jh/\">V’(‘D m‘Q h‘_' T <' 173
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l4H®dn npn*h > "> " h T v 1" AT
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1_‘ . -, B, t Ch h s 'J‘V‘IZ Vel Y o v s v —h‘h‘_
h = h h > ! ! B AW 1 B ' h 1 h A h A h ~ VA ¢ h !
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e > ¢ 7T pem BARTE Ty AAsTE LA <7 ALA >SA >8]
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-7t _ ' (StAnaszeWomal 2020)
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G ''<' h¢n h ¢ AT Y < h B [ B AY O, R B’ B h A h
h Ah <Y 1 h ‘/\_W/\ h ! 'Icp_B‘ 1 N ’ ! 5""- >t ¢ vy
o>"¢ v, ¢y ¢ h AYj h¢ "7t h b €h TThA'™Y JYY <A h™ Ti1tthh W A\ hh
¢ h* '/\’5“ w‘<5" ,_/\ > B hj"<'C__/\, e {"; ,I-h‘
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¢ e © S hhu o, " (StanaszeROmali2@2g)’ <. A . T . ' ¢ _ A
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14DH dcw A _ 157 L <. ‘ NaC) ~ . AN oo 0
B ST 0T hAt Y s ¢ h ot ¢ . h jhe _mrth h
hah= 777 A_ 0" >6 ) h _'/\‘hAvll"_Ch' _'_, £h T
AR NaCh =6 « * h¢ A A h YK h < ', 't IYCt AT T L N g
h<r_1_vl W, oM s U swvht s toh ooy rch
L w 1 ¢ B A oo B h < h vy wo, 0 JF * ¢ h ! w <Y
th"s_“,“h s‘h_’ corv ‘_-_/\ - h "~ “h‘hlfn’<'ﬁ‘_"’h_‘.‘h‘
Lhs>t <A _ 4 C B A 7 (StanaszeRomal2Q20)w . H:
l4bn T 14+~ _h _ron s
B St ¢ Yy T h At sy B>, h Ay~ A B h ' Co *h B
>" 7 s’ A h Tt et : A h/\h‘ “<"' ' h Ah ™ v "
At MG L e -y s h jhe w» " h ¢ht ~c¢ 5 ¢
Sh Ghamh * A' S€h jhe wothy & hocooh g L <w -
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MPa¢ h _ IGrarfi‘hs_ At ¢ A jhe »*hys h ¥ - ¥ h B > Ah h A‘ B
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¢ _h ~ B > Ah L h > <"t tBw ‘:5 “h ‘s L 'B'B'dlﬁ",l . 'V>Bz_/\' ~
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LAY T st [wet 3 T ottt v ngve gy
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B¢~ " >SwAhy T >' . hat Cw AT WS 1, AT ' T <Y A
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e &>, h At ' . - E . A < A B~ ", h AB " ¥ > A
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We oy ot "A _“nf’_"_/\{ Jw“(,éqﬁj@c*" hh ©  ¢h w h-> = .'3
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lw<"z ! h A O {’h‘_"""___'hzhA‘h5i_fjiﬂ<'f'Ch
> B hj v <t ¢ L7 h LA > T Y Y T h At Y >0 T h -~
B"-)h/\B'_/\'>I5 h'lw-"hz -7 Y ¢ h «H ! L >t Y 1
B>, h A" "0 St M, A L LB LAY >E  hTT tws >hh’_*"/\<.“"h“
o B>, h A" " T I > T <" " h ¥ <B W
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(Scheereet al., 2009)
K D oYt h =~ . ., >h Y s Y s 7YY Tty BB~ h* A B * ABh YOUUBA
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owaA_~ ' ST *h _'VLV,".AZ J'"'>';hA‘¢WI
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nvh*_ "~ h T > <h A7 T .- >h 7 _ . T oK v
'« h¢nm h ¢ AT Y < h T oo [ -7 Y ¢ h <« A h t , h A >8
B“,h/\B'_/_\Z < ', . A h - V> L. A B‘,‘,h/\B‘h¢_/\ ‘
- "<.‘h<"’/\ ‘5’>‘¢wl_ f.‘h_h“’_/\"‘ts ‘z > B h"’_w<ts‘
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151up S oh
156mMmdm n_s " _ 7T, h johe R
{n K B 7 © Y h i hg nosotop h oyt ¥ - >~ A ' 1" h*“ w
To>T 7 <h s> h AT SWA LM BTN G EST Y M T ¢ <" U AB
> h A" Y T h >>, A’ h ¥ Al O h < h h 5 ' ' Ch h < h h
LT v T hat 7heh 3y . 7' Zhanget al.pA2019y s * h a4
1. A" ' hah= v JABs T 8T T BN W ABRTAT TR
>'¢,vv,1h/\">_l\z <'J‘ 1 thtrB lqh Y|<n J'!
woA T 8 A _ 7 7 'Bacillus’. MPseudoriona® nA ¥ d).ayhhpm ' "~ h Ch B!
- h A™C Y A B h h h W ANANS h vh ¥ - v v~ A Ah® Bah
h A* ~ h¢t ¢ h * j w® v 1 ' h A h = >¢h h ° h * ot <’ " UA
[ B 7! R j h¢ "t h B>, h Ay~ A Lo h A o,
T8 "1 h<<” A_ " ‘Andreolliet aly 2020).s A8 0" | <x07i " AN B BT T T
j h ¢ Y A | h <’ " " AB B - ', h AB ' B . A S AS
+L"hjp L, " _ A > hjT<"C_ A 7T A LAY YT T4 hoa
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hAt T h S EONH) ¥ HOIHHNRCRO + NH i HCQ + NHy . Aw . s hE T
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¢w'roa\'w0wn Oupaéhuoq
S_ympovy \
@ HIO5 CHIO+ O <<m»‘ zNH.co/
co + OH
Annporm
NH, + H,0 -> NlD +
o ou O”‘“,‘"“ro o”n ~co,->nco,

> Ca’ + HCO, -> CaCO, + H' Ca' + HCO, + OH -> CaCo, + H,0

Amovitpomoinon Aupwv;onoinoq apwoiiwv
No, NO N, O N,
NO, ,.;‘?4< et
GHIEED - 2.61° + 1.6NO 9 < > NH, comD
\\ +0.8N)+ 2.8H,0

. NH,+H,0 ->§Hp + OH
Ca™ + CO, + 20H -> CaCO, + H,0 v
€O, + OH -> HCO,

Ca'™ + HCO, ->CaCO, + H

O&eidwon Beukwv OEei.chn pseaviou

/ SOp+ AEHDY + o+ -> HS> <@ §6P - > Hs + HCO ouo)
\ +2HCO, +2H,0

HCO, ->(@0)+ OH

N oo 131 LS ¥
Ca™ +HCO, ->CaCo,+H' Ca™+HCO, -> g}
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. " >h 'y ' sB AT h A " h &€h¢ 'h «¥ v ' CrthH ™ Aht ThA*Y B>Aw 4 ,” h !

V'/\h_h/\"h‘,“ﬁ‘h "/\_h_ ‘,‘h“"l _h'_h_,l_'>5/\"h>>‘/\

>, . A >s ' .CQtP AL faRHNChE S +p2Hh TH fib 20HD &
h’v"'pH_"‘ ‘{h_‘ﬁ“” ‘B"jh<<"/\_"lz th‘_’hl _
A LA SRYTALTIAY T8 ! T T htw L h T h
e L A SHHHONHHROH Y WZR2NHH2H0 S s s T A T s A
-~ h ¥ 7 h - 7 Y Y B ' h N . A h > ) 8 ° Y * ¥ B v, ©
h At "~ heortoeov~ h>j s h’ % Jh"hs h=-, Skt 4 h s hov

hA * 17 h2 4 CebBh /BARES h © SCBE CQFH /BIaCQO n ' T42)A N
(CastreAlonsoet al., 2019)

G 4 < oY ytYvstgcY Y haAt hEhy
h A " h@H ¢ h S8 w -~ B f h B 1" h=aAB "7 *h>C "t *C *h tYC'' A "h hhy=*>~
"l>_"l’I “/\"<l("llI h/\_)'l’h‘ll ‘Ll>h_l‘>"’ hAL’h("
T T _hy T huwsAh TF T AW S U b ombpou R
h 7 j YA €' ' h A BJvh ' A h h = t 1 *h Y7 *Cw h
h =~ W <B S >h ! h v ' A" > 1 ! B 'B_'z_,jBVB<‘¢ ¢
1S h T Y A S " (Effendi&ING 2019).
lh tUOA h h ~j B ° 1 ¢ B >8® M A " iCh&Sh' h’* | A -
h =~ B <~ A h t h - h = A t'C h T Y S WAB < B " ¥ i’
h>’/tt5'q)‘ AW, B " h ¥ h l B > B >w A h A h h > j B ° Y
- YO B ' SwAY A h * ' s h v B’ h A h¢® " * R j w' oy
R >h_h LA th_' LA 1 " hy h>h_’y"‘ '>h/\_
h > s ThIT eM&T A e TRowt RS CCU C(AdpUatad, |
2016)
%,
4, 0°
0"940(\ a/‘,\({( ey ]
Oupedon %‘%ﬂ}?‘;@
3 KapBB’vu«i
faz\ avudpaon
‘%Caz
1
3 &
2 o]
: %
] 8
> (=3
g 2
5 g
g
M A Evepyi ekpoll
kpomepLBaAiov i 2
AbEnon pH \
n' Cqnmt €7 Y js " hhah j>8 N7 . 9 _h“/\“"”h'C“'¢ ¥ ] h > j " _ Y . ¢ h ]
h=" _h>wAwhsh ©h' <h (CastreAlohstetah, 2019) ~ h
o[' ¥ ! ~ B Y < t oo 1~ h>' 35 Y ¢ ht ! ~h " hi1 ' >
B~ ' " hy YA h * h = LS hht Y- rrvy Y "YhC BhCI [YYAS WA N i h¢ v
Y h> e A ' 3 M LIl = ! 8 >Y ¢~ h " h ¢ h . A
h " & " (Helmietal., 2016)
c[" "SR T ~ j h ¢ vy Ch*THTHhY BT L "ThA B"KEBY <
1 *h> " h > ! ¥ 2 h ¢ h ¢ ' -y o '_IIhUW/\"' -~ h ~ h .
j h¢ v A Y h A, Y AR B AR T T h A'Y" hCs''C” ~ ' h jBE A h>tY
Bacillus Sporosarcina® h Myxococcus (Vaskeviciuset al., 2023) 1 . ' <" ¢ __hrror

1 Swasy b ¥dw, MAMA h > hy ~Yyp "1~ A B h v' oot ' -
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h Ah ¢t Y h s "% "y B <"1, BARWN 1B AY S, A ¥ T hC
Ch > ¢ v ‘.‘hh‘/\”\A':’:‘h"“/\'B‘ o . _"/‘\_75‘ ' i h'_/\‘l’ (Fyg ¢~ ) h
etal., 2023)
K . ' >h > hat " heroo~r h> s Y B~ ' s hys h'
Ch ' h" jYaA®r " XK A Hwee h2C hhc' SwW g LJI'F >¥w* h YeoA Y T Y
' ""Bh" 'h""““hys‘-jw_<_"_'. I_’h"l ;_’}\h' y(DO
' s A0 ' h(Anbuet al., 2016} >8 A - ' chojp At o hA 47 h°
iw< "R - h<¢ha<c' Cw NS " SpHT T ShT  ShlQEAThS
> _ h v.9.2 (Zhebg& Qian2020)1 4 h o T USiwh < g BYA L, R b
TONnE " h A* ~ h¢r® ¢ h>jw® 8~ hAhC A hphs” [AMH &8 h
TChusSmY s’ ht - h<Chc' ¢w _g5(Anbletal,2016) " ¥ ‘> w
i" Jw<_" _V L o .h ‘_5" >j“w¢<’_h""__'/\ 4’hh/\‘_" 4_’,h/\|51/,\" [
¢ >h’ As _h C(Hélmietal., 20168 rosp<w _ s T St At oY
'Y 0 h h - U T8 h ¢ h A S h ] YAY G h A
:':“h’lh1'>5/\_'l ‘V“'_'_hl hoat “het o h‘jrs‘_’v:
Mp w.& ehec. h v' ' S B A8 T 0 h _.CAh s Ay >,
Ty hhm™ > | "AB h ¢ ' >w 5 "7 ' s ' > B A _ 1
‘h""“‘hys__h‘ _"<"W/\h ¢ ht h_‘vh/\_'>5/\'_>lls’+" _'
Thoha>e At Tt b (Krajewska2009) ¢ T h st
g v' " o oA CwAaA Tt eh N YA T A R e s
L R Tt M R AT h S ew e jusCs A LD
¢ ht AN LA h > s> 7 o o+ A nop a >8 " _ AT
B/\h_'ZB>'B‘_' jW<_“‘h_"h_h"ﬂs{:?ﬁbsiﬂ’h's4h “JQW/\_ .
> _hvendopdbnpad ' 1 w<_ 78 A CEABEBTANYM adp. " b
Ch* npodHp X haAa_" " " Lohd " A T hsi>sh w0y
> B hj ¥ < ¢w 1“8 71 h >’ B . A T h (“h’,/\hz"h,ﬁ‘m_ R AR
Co- v ¢ h ‘I’hJ>h Ve g h '_B“/_\r;/\“";h‘_y\""mﬂ“’(.‘h’(.“C"
h jfs v K vh * h o ho S K o~ h - ' . J,¢WA
_' “_JCW‘/\_""_I -_l. v"’hl-(D B‘_'y‘{_>"h¢_'"‘l‘__/\5-
AB T 1 ! h. o ""sh"l W, ¢ ht 1 w ¢ h ,"’wl ~ h
A h T Y CApbliétal, 2016% [w<T X Tt L th, Y s o tow T aw
R S B +th T T o> ThohTmo h At
h > j w CaGl)® Ad h - s <(4jetal,2019) w<_ '
CE ¥ s h ! h"’_t5<5’ w A h >t5_h<<‘¢‘ W/\y‘>“ “" -
e L L L ¢ ht BA T T Ty
To>7 87 " <h > h ARG WIALCAL AT A LA > C " L Krajetvdka LA >
2009)1) 74 ">h/\_‘¢'_5"’l "<"I _I. ""Bh"lz w1 G o
1 7 < o ! e 2 h B h ~>>, A’ h - v -7 Y ¢ h <cB’ h
,‘{'VVB:.{’L‘_ I"‘ ‘h/\"I;H(fh“B""h‘ ,{V'{H(‘B>"W/\‘VB‘ “fh A" 7 1 h
T UAN_B<_A_h ThoY ot h N LA h > s ° (Castroet = _ ' N
al., 2016)
e« Sh"jYpaAreonrm h A PR | h =~ B < B w A h > B h « < € WA
- v ~h - his h'y " H-Ch+t hCH K, ChCY SC~ S
¢ h ¢ K Ah h=hehe J"h '« P ¥e SN hy s 1 h " _ Ay =,
A <<haom Y Y >_B__hv ¢ T LA ¢ ht Sk h <
s 0 AtBETT D nT T <wT AL ,¢h_l’f‘§’5{”“_v't4)\4h“>i’{_”“‘>'h/
B "'v ' A h A* ~ h¢ " Ch ¢ h ¢ > B w T Bt h 1 1" h A h ¢
htgs v Tt ot >ho o (Aghalet!alp2015)0 " €430ATh h i T > Y
¢ h ' SY 7 Y <Y1 h ¥ vy Yo B VM s h oy hv h -~ oAl
¢ h A ‘h’““’h_'“‘<‘>5"¢‘_/\ i YU EA_A BEAL B, A



- * AL = h >~ A * 1 ' hygy v ¢h > 8 N A B T ¢ h
(Castroet al., 2016)

Atpoodatpiko CO,

rl'¢'43\-tp‘h4‘<.‘h"h h =7Y ~‘"g > h "‘>|54_|h‘_>5‘>W/\" h -

LYY vs v A A* “ h¢h s h AY " hoect g h*j ow:
(Qianetal., 2016)

Ei"TY ¢ RAAY T horoo~ Sw™j, 8> "8 ' gvyvh? h h: h -
‘5>5<‘_‘45_‘| ‘h’hJ‘h/\,_tfnz"_"/’\_s‘fs‘/\‘hs‘l’_z‘“'IS‘_"*E'm__’j"/\‘¢
ha +7h>" 3 o fwaA LA AN LA LU
hAa® "0 hA™ hoat 7 h ¢ h o5L/ 00X _° LJl ¢ h ! 4
Lt>h oty > AT h ACaStioetdl,206). h s Y
J"VCB'>W/\V‘ A h Ch_h/\"'"'5’4’\}15“',’_"‘I_h"“”Bﬁ‘hh‘_'
Ch j A" ¢" 5§ hop " hehns > " AE“ B h ooy oY
AR e h AT W'Y F L TR YA S>EBERY ASSN AT
. A1 _ ([Dhamiet al., 2014)

K'h<<' <~ "L " h s’ >5  hvy ' Ch )" BAASW hH A
-'V‘4'V"">V">-r_1"hj'_1--" h At ~hertoe~ h"-jls‘_""
SE > A.>WA' ¢h _h“_'l"A' hA_"_“,‘(BthrShQ\h‘_v
BotrS M @ysdgagh -~ 7 ‘8 7 S hh AT Y7Che tre vh A >8° _AB
h Ah” <" ' L7 h ¢ ht LA LT BAY >0 A T
e -Ch‘ B /\-' Z B 1Y /\" - ~ ""QI"'h<|5_'/\"5/\"h .UMt 'S h
L' 87 1 h ’hl(ljpj"" “J(\"BC"‘>V\‘I‘/;hz ' Thoj YA e h
R TR T R T T hA* ~ h¢h CoB 4"
o> hccit o Lth oo h<¢h<cr ¢Y LR I L
A AR TR oA Y A 8 AR T Y (Kchal& PAnR011)N ¢ ¢ T
[h~ ' <h h A3 ¥ A AhhEA <l C 0 hjos K Ah
-~ h > * h ~ h Ah* ~Y<wh ¥ g h N S B SR
rh_h‘_' f*m‘yw.q:_hu_'_w“ >>W"V‘. _-'. h‘/\h{”h@ht"h’.
j B¢ h Yh <« B h * ¢ h* h = ' h 1 ¥ W OAY >h ¥ B A _
h - ‘_'_/\_‘_’h‘_ls"’“’"" _Vj "">V, _I‘;'hJ‘J"‘
A T T R LBotrS BotrS My o

a;h/\h‘_"<" _" ""Bh"l -7 Y ¢ h <«cB >51h<,_5"
hat 7 h ¢ ¢ (Dhamietal, 2014% « 1+ "< S o0 h W,
R oYY 0t h At T h et e At AS>Sh Al 0K
he 7> A% >8 ' A EATL.>H o ' Z'g h e

Shp A e AL s o e
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th ¢

’

h

h
1

B

AT

> B hj “<® ™ > Y 1" Y vt v h A‘ " h¢h A
¢ h At (Aghal& Pan2011F . Tt a7 h s hZnOH T !
T  ZNORH'C h ‘ZnO®HCQT InHCO n * 44) (Xheng& Qian2020)
() 5 S5 5 U 5 5 40 40 S -0 0 0 A 4 0 D 10 AR 0 -0 A 40 S0 2 1
e 1
l(’KapBolen\ :
1 \avuspdon,’ |
:s__— )O :
I
............................................................ ! E*ZnOH, “-:
)
AAKa)uxo&uAuwx(()H) <:,—_>H(O '
................................. :' i E
]
e I EO -
ll@ i \\,0 Zn !
I 1 A (\ O 1
s : "l \_/ T ]
' 1
i
i
P -
R 5 . ~.
: :,1‘.—..(;.2_ A,' (‘O’(ﬂ) \.
R nnynowﬁzonou (Ca**) :. N s N
LR S TR e S A O RSN jf AUooROpKC
PRPSONETRUN. .| g \ - Tobawnc.
{ Ca¥+ COy> = CaCO; | | Wit
(00 00 D SO S SN D G S SO DSOS I SN SO 1
n!qIMYII 1_h{!h qh! h _!{ h Bllj!_VIVI ‘q>_l\<‘—’w’ill
h A‘  h¢tv oY h > j th' ™ wHRWY S Chs ARCCh' j ¢yt ¢ h A 1
(Zheng& Qian2020)
1620H uv. _ "~ A" B!
B s e 00 AT >' ¢ 7YY "1 h At ST Chwe, Y¢ A7,
A ' ¢ h A ' h B Ah ~— ' ¢ g ' h A h ¢+ ¢~ h > j &
<) B .. >w’T.hu Shha Tho<I<ther 't h 0t vt AL A
+t o hA h e ¢ _ A AN LA ¢ ht RS T A | S T8
>8> A" 2 >5 h =" w<¥ ™ >h _'Aa h v Tt R I <Y ALY
[ ' ''A h o wj s, A’ Th ' h ¢ h h sw o, E A
1 " Y ve > vy ¥ h A*Y ~ h Ch B * w B h t B B >w o,
1 " Y ve > vy ¥ oA ¢ h ¢ h - Y s w 'l > B B Chh* hhe™ "' S BYA '~
Ch j YA ¢ haA L M, 7> Y™ ht ot h A
¢ > B ! > 0" + " _ _haAt T h ¢ pH TETTAT G A &
rh'j“/\'c"
h A o . . Lo
(CQ+FbO.u.1.1.Ju CQP+2HD . AL > >s ' Th
h > j s ° YL hk > H A host ¢~ h > 8 ° > 5 >
rh’ J“/\'¢'
h A
Lt Y hA"hChzz+2@Q,' hwuuuau“CaC@M h A
CQ+20H,h Ah =7, "> _ _ha _h" T A ! Lt hy v ¢h
B A - E . AX C hA “h Chuae 0o 1 Tvoo<! A LA -
B v, ¢ _ _hotoc T8 ') h g A >8 h =Y _ w<s (Castte _ ' 1
Alonsoet al., 2019)
16200 B>>. A" 777 h > AV vw, A
E “ve' L, _"¢" h>>, A"t 0 A hSThAT vw LYW yT2T
acids+ Q@ kL+C@+hHh = =~ A _ 8 <8’ oY T .t >h ot s h >>.,
AT BT : ' =h " hus , a0 h s>, A" h¢ A A pHS heth e
A h «Chc<ct ¢ " ™K "htj hcce” p ~ ) T, h - A ¢
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h AT t},’.}. l—k@:l’bbu‘|+OHZ ¢ ht - ¢ h* B 1" T ve Lt 7 N
1 h vt ¢ T ') h <Y A 1 ' h <« B h * ChHCQ;E,l{ h5"w5‘5‘5h‘
LY _hACcQfF tChA gh s pH (Calstreﬂ(lonsoet a.>2019% & “~hh T
CCUA_ LA h s Ch' h<Cha' ¢~ et h<<T AT
hA® "he C_ A " " A_ LA 8 AT A T ATFECQTHN_ AN >0 hAY
¢ TS B ' j>hy ", " ' ¢ h* h > j B ° ’ 'y >w S, [ B~ Y 1 B
¢ Ch o ¥t . _ >h h . A j h¢ Y LA ¢ ht * ! B v, ©
Pt <> l.‘v . S, < 1 hy N C h . RSN
h At " h¢etr oY h > s ° Y E’ 4 Yh , wWwRED ' A" HAN <Y O > <
.0 7 0 _ 7 -(marvasiet al., 2020)
[h Jhs_t o nMyxocogeus W AT N T 0 6 s Myxococeusanthus T s 4T
- C " hiH ‘A" 1 " 6@rands h > 'h Shte Yo' Ah T B B 7 , h j h¢
*¢Ch A'h vt Yho ¥ > v L. N >SHEAh AT QW , Ah BBESA_WA~ Jhs ° h S
¢ > h o Y St ¢ 7YY T 0 h At ST ~h ~huao , 2" h At " h¢ ¢
Y4 h>>. At T (Jroupdietak, 2010) > AT vw L A
162dbn B~ " A" _ 7T T '
1] h Ah s j "B AC "G > ¥ - h h 1 >8 A7 h -
Y st h 1" h A Yove oo, ! Y70 h A" S _ A B A_ B
ThowL T oA A h Tt T > At 8 AW(Zhanget Al 20198 [ A §
h-vAr sV = v ot * ¢ h Jh(l‘ nosot Q >B'_/\V A ] s 1
AN, ~h Y hh A h” B8 cjet h ¥ I B 1Y A - v M “h "~ w, B
h Ah - v " v ® ,r s 4 hhy " ¢h ™ ah -y h =~ A cov o= v
- h iy sh ¥ =¥t oy - h "~ 0 h A Tt A h < h A ¢ h
Lh s s (,ZWuet“aJyzoasypArh ho ' 4t hgtChcch ot h T
Yve oo, ! 1 h At e ~h "'y "Ao'B AT €'Y Yivh € Y 17"t ah G R
- h h b, 1" hw - v ¥ hy _ ¥ s L " Y ve Y ¥ h A* 2 h Ch
v AV hoooe TEAL] R xET A>T St hs YA
LT YA S A LAY S S Ch_oh<<r <n
Shoov g Y R C A A h s ow - - " hi >h
L . (ChstreAIonsd‘etaF 2019)Zh> ho Ah > A T h 7 heh
hA_ 247 h>r o A - 5+'B’_h[‘6H1206+C£4I\FO3y' . T
+I—F+H20I'bCaC@+5CQ+2I\12+OH+7HzOrh L
h h o B h . h h 2Uz i/\ Hw>¥*®Y Ea')’/‘Ab'BJBCb‘<>hvj/\wsl’z ¥
CT AL AT oo s 0 . .+ A ST vE e A AT S LA ¢ ht
1~ h yo- Yy v ;" -y B h = ! h w > Y B 7 h 1 “h v x5 *'C h
o LtE T ans (ZHuét &1.,2016) SRR
162bp BVE L AT h<hs L AC L
18 h Ahg ~ " j *h B 7' h <™ /\‘h 1 W<‘€h SW’H’J‘B‘Bsh“I’h’IJ h‘/\"/“_ .
h > j 8 "~ hi >h "“"h’/\‘hhﬁ‘fsy‘\h"hsj\s‘ Ty h = j h¢
A " Sh At ot o h s <h o o © . tréducing Ricteria ' | PR
" {w. 0T >w . Tve g, v st Yy Chto_ ¢ h
B A_ B, A B 1 h At~ h¢* ¢h t '/th:ZJ S>68 ~h hh 2 "2, " Y A
1 Tvo<! AL AND B _ 7 T LR _h jhe mrths
1 ¢ B A AT B AA h =™ 5 B ° Y > >w o, 1l W' > Tt e
- Y < >8 7 ' Cw v D °1 " h = & B8 > h K vha 1" M
h <¢h<® ¢ _ A ? AT LA toE ) A h > > > B ' X R
h > j B ° Y > B AT Y AT @A Bhathj— g * ™ hJ/\(Zhu&] h - h
Dittrich, 2016¥p ph’ ~he v “h " hqis "% h M oB" '

- - P N - ' ' - '



h/\"hﬁ“k“” h‘jts‘_""z hC‘aSQ_ZHéoés"“"‘1'ﬁ,h<_‘y",9\_'h,'
<’ ' " AEB BPA"S>HEKEAE A BB T A TR OO A Y T A LA
* 1 ¢ ¢ 7 SswAh Y h A h h * Y -y h - 8B <8 ‘B
h/\_‘{ V,/\ > B _v 1" ht w5 {'VVB’{“-V‘_V‘ h A
{'>'V"Jv,/\_ht h = YA ‘{"<“'5'_{"""‘hA"KJh/\
T h At 2 h¢** ¢h A h ¥ - Y LY A h > B h ! YA
h > s> 77 h = _h (CastroAlbnso' et &l.,h2019y _ °_ h3 h. AN > 8 R,
AT <" S " hCaSQ+COHM,0MpCag@+ Sb HHKAE +HOb o B
1.62dcAahgs " "0t h Y ve Lt >8 C h AT
E h Ahs " j *h Yvse oo, ! ¥ Y > h A" Ah At A BhCf R 7t
h *j B ° "’Z‘B h A > % B > B A h s =~ " j *h v YV B
1 ' h*w®> "' sY h A' 71 h AY h A* ~ h ¢h B A DR h T P ChH "t A
YoV ' Yh ST h FcTan 1T, ~h ~ha1 [ 2" 1~ Y1 Y AY Ch !
h Ahg " j *h Yve L, "3 _“ 45‘>5‘@|-m/\""vh5“'4_/_\|h_hj‘h
h‘ls“ls’h. B 4'_3Hﬁ)/\‘¢hh¢‘_¢’h “h"m_JHZS%//\ﬁB‘B'V“Q\h ¥
8t . h ""L'y\(pth')|'{ w o, B * . h -~ w<i ' >h sy -~ h Y 2 h
(C&J’L')ZB/\'h/\"HA“"h?'C" h > j B ° Y S > B h A -
hoa_ 4 htr 07t s ' ZBU& Diftrich; 2016 Y s 3 AR AN _Sw ot A
ha 1 C&+CH+H,SQ +H,0b MeaCe+HS+ 3H + H,0
Bl ~ . Av <r qwl h—l\l_v 1 v P\: Bt _ . ?\hl,{ t r_] hv |'5_ t q_ /\ >|5_ h
ST ¢C 7YY T 0 h AN SSTKR YA hCGCIRY YY" h ¢ STETA Y h At~ h¢ v ¢~
‘h’“\“m)xh’q\‘_‘_h_"'ﬁ\ﬁ 'rl/\h I'IpCD
Mixpofiakég karnyopisg ) Siepyaci Avudpaocei Mapampoiovra
Kuavosof'm"ma QwrocuvBeson 2HCO; +
Mukpodukn
OupzoluTikd Baktipla OUpE(‘)AUU!] 2
Arnovitpornonuika Baktipta  ANOVITPOTIOLNon HO00 + 26H + 1.6NO;, -7 + 08N, + 28H Té}»stfx aveispaon: 00, + 1
. a AtsAng avtiSpacn:
Baktnpla yévoug Myxococcus Appwv&onoinon
QUWOEEWV
AnoBewwtikd Baktipla  Ofsifwon Beukwy SO
MzBavoyova Ofeibwon pHeBaviou  AvazpoPia OFEiBWON: (i, + SO + Ca' — Cal0, 4 HE + |
AzpoPia oFeiSlon:
n'¢'4wh B/\_'{’h‘s‘l ¢ h ‘h’h"""/\{_'hc_—,;,/ly\ 1t h Y
ST C Tt hCh] ETHISERAT NS C Y (Zhu& Dittrich, 2016) _
1_6_315"""‘>“j"h5<."'hh1'>§j,13"/\""" S hAY > hT = C¢C¥Y >~ hjes
r’,rv' ‘(.uvr-hncl_lf'_A _|l >!crvjlh(“h B_hJI>B/\|' jl
h > j s “h 7Y B <8 ! h =Y >s'" A, 0 ¢ ht ' B "h'C< ™0™ A, A
h - t <) ‘ t AB K — , h /\Bl B >A| >B > . A >B A A
hl s> 7 >w®, 7 7“8 < ' (VaskeViciugt al. 2028y T [Chh’ hh * th o
., Wt o> BT AL “h Yh*t "¢ _ A ! T T L o B 1 EL - S B B
TN TUSAY SEAL AT W G A R hoh ¥ >SWAA > " " 70 Y >
TYEB Y s w AT A h ¢ h h B B, 38 "y ,)A B, hh” > pu "™h h h

- - - - —_ -

(Jroundiet al., 2017)‘



B~ . 'S hiZt Y Y 7 Ch AT TIYhrCrterY hjos Y 15 A K’ Ah* h -
8 ' hc<cYAY ¢ ho_ ¢ h h ' Lt h ' ¢ he g’ he ' =77 'Y N
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