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2- Electron Shuttle
3- Anthraquinone-2,6-disulfonate
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2- Mid to Late Log Phase
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4- Resuspended
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Tablel- General properties of soils

Texture
pH

EC (dS.m™)

CaCoO; (%)
Organic matter

F eQ+
Fe*
Fe prea mg.g
Fe oxalate
Fe rophosphate
Fe total

S S1& Sal s

Acidic soil  Calcar eous soil

Clay Loam Sandy Loam
5.31 7.46
0.746 3.630
7.130 41.250
3.510 1.170
0.385 0.176
17.231 1.192
0.196 0.003
0.227 0.036
0.005 0.0008
12.183 7.978
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Figure 1- Compare means of soluble and acid extractable ferrousiron in the presence of electron shuttles (Ce:
control, A: AQS, H: humic acid, F: fulvic acid) after 30 days of experiment (statistical comparisons are case
separ ately)

P. xSL ply ,» Shewanellasp. ¢St bl k)l 1) 5,8 opal
alyd ool oL ialisl 5 oy Medgw Aely @Eruginosa
5 P. aeruginosa (s xSL dn Cuws (5,0 me Ciglds g a il
Ol S8 poal an Gials ]850 SB eg oSy

2l

9 sl S 3 saeal b gl A%l BB g Jglao 98 Gl
SASL 9 59t 8L ags o

IS S JBU 5 8L & (yless 2 &8 0l s ol
JSC3) 591 £)5 52 p5 Sl +10R Jolome 98 oal il oy 4By
P SLE sladiges 4 Shewanella sp. (¢S 94580 b (Y
S5 335290 (Al dlge Sl (6500 e 4y 9 xSl JBL 25
S b ol L paiitas wlo 4 55 pas g ol b 0950 (5l 5
odsd Jolomo 9,8 ol £)5 1 5 oo <IN ol (S5 13 0925
2 3L g 09I JBb 9 sless b duglio 53 o ojll o8 0
Y JS5) cadls Ll 2o s FOIA ccgipd S

o;lul P. aeruginosa, Shewanella sp. (s Sk 93 94381 L

Sy p)5 2 e ke AR GV VY @ 5 Jslone 9)8 (o
Ll i 395 51 Ch Hlosd 4 G (g0 yd YOIY § OA il 58] a8
) il AT 53 Sl g opl &S oy ol gl (Y S)
cdale )5 abul Gy Hlog 4 Cans (50 xe Cglds g 009y )8
VIEYY a0 (oS g sl 50 duwl b glysil BB )8 oyl
0l 4y Cunad 9,8 ol I3l ol ¥IY &8 s 25 2 p S e
Ol ) il SB 33 ()5 50 )5 (e +/TAD) 93 ol (st
4, P. aeruginosa , Shewanella sp. (¢ xSU g3 (94380 b ol
Joss & s Aol b gl el 5 9,3 ol cdalé ¢ ljl baomo
sp. Shewanella s iSL slaaiss a5 sl lis (YY) sla oy
5 09 A 3lS 5 g ige LS 5 gilule, g coli e
J36 (39581 9 sp. Shewanella s S sl slalos
o=l gl b plosl (Slglyd ojlil a4 i (a8 55 09
sy pilS oblg oSl g3 ya oS Wil ol Lialesl ) iso



\FON

ST g ol S 95 33 S 3 (T (S B 1 (59 I JB6 aw ST

35
A @ Soluble
3} .
T B Acid extractable
~2sf o B
% oy T
- g Zr c o S
p= e ey
28 .| = o o
a5 L Ty Ty Ty
3 A a [ ey
:E Ll b i b
= ¢ B W ]
os | [EER - -
o - ) - ) - )
Cb h P
S Jos
Bacteria treatment

(P) P. aeruginosa g (Sh) Shewanella sp. s y585U (399 55 sl b gl ySkins! BB g Jokoxo 958 3] Ol pordi puSilae dung o — Y S
(Wloasd (gl dunslio Al pg0ts S50 9 SagS Bgpa) 59, Vo CuddS 51
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P. aeruginosa (P) after 30 days of experiment (statistical comparisons ar e case separ ately)
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Introduction: Iron cycle is one of the most important biogeochemical processes which affect the availability
of iron in soils. Ferric iron oxides are the most abundant forms of iron in soils and sediments. Ferric iron is
highly insoluble at circumneutral pH. Present investigations have shown that the structural ferric iron bound in
clay minerals is reduced by some microorganisms. Anaerobic bacteria reduce ferric iron which bound to soil clay
minerals under anaerobic conditions. They have the ability to use ferric iron as a terminal electron acceptor.
Many studies presented that dissimilatory iron reducing bacteria (DIRB) mediate the transfer of electrons from
small organic molecules like acetate and glucose to various humic materials (electron shuttles) which then pass
electrons abiotically to ferric iron oxyhydroxide and phyllosilicate minerals. Electron shuttles like AQDS, a
tricyclic quinone, increase the rate of iron reduction by iron reducing bacteria on sites of iron oxides and
oxyhydroxides. By increasing the rate of bioreduction of ferric iron, the solubility and availability of iron
enhanced meaningfully. Royer et al. (2002) showed that bioreduction of hematite (common iron mineral in soils)
increased more than three times in the presence of AQDS and Shewanella putrefaciens comparedto control
treatments. Previous works have mostly used synthetic minerals as electron acceptor in bioreduction process.
Furthermore, the effect of quinones as electron acceptor for microorganisms were studied with poorly crystalline
ferric iron oxides . The main objective of this study was to study the effect of AQS, humic acid and fulvic acid
(as electron shuttle) and Shewanella sp. and Pseudomonas aeruginosa, on bioreduction of native ferric iron in
two acidic and calcareous soils.

Materials and Methods: An experiment was conducted in a completely randomized design with factorial
arrangement and three replications in vitro condition. The soil samples collected from locations in Mashhad and
Guilan cities, Iran, in 2015. The soil samples were air dried in a glasshouse and later subjected to general
analysis. Some part of the soil samples were kept at 4 oC as fresh soil samples for bioreduction assay. In that part
of experiment, all soil samples were treated with glucose (10 mM) as electron donor. Native ferric iron
considered as electron acceptor. Then soil samples were treated with AQS, humic acid and fulvic acid (as
electron shuttles) and inoculated with bacterial cells (Shewanella sp. and P. aeruginosa) and they were incubated
for 30 days in an incubator at 30 and 37 °C according to the optimum temperature for bacteria in an anaerobic
condition. At the end of incubation time, ferrous and acid extractable iron were determined with Ferrozine assay
by spectrophotometer in 562 nm (8, 25).

Results and Discussion: Results showed that the AQS had a noticeable effect on ferrous iron concentrations
in both acidic and calcareous soils. In these cases ferrous iron concentrations were 8 and 15.7 times higher
compared to initial concentration in acidic and calcareous soils, respectively. The Shewanella sp. intensified
ferrous iron concentration 7.2 and 16.3 fold in acidic and calcareous soils, respectively but P. aeruginosa
increased it 5.6 and 12.1 fold compared to initial concentration of ferrous iron. In acidic soil, in the presence of
Shewanella sp. and AQS, ferrous and acid extractable iron concentrations were 1.45 and 4.50 mg g,
respectively. Results showed that 11.7 fold enhancements occur in the presence of Shewanella sp. and AQS
compared to initial (0.385 mg g™') concentration of iron in acidic soil. When P. aeruginosa was inoculated in
acidic soil in the presence of AQS, soluble ferrous iron concentration was 1.27 mg g”'. The acid extractable iron
in this treatment was 2.85 mg g”'. The concentration of soluble ferrous iron in calcareous soil was 0.81 mg g,
when AQS was added to Shewanella sp. treatments. That value was 0.54 when P. aeruginosa was added. The
acid extractable iron was 3.90 mg g in the presence of AQS and Shewanella sp. By adding P. aeruginosa, acid
extractable iron was 2.84 mg g compared to control treatments.

Conclusion: Dissimilatory ferric iron reduction is a potentially important process in controlling contaminant
fate. It has the potential for being particularly useful in the remediation of metals and radionuclides. Means for
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stimulating ferric iron reduction will be useful in enhancing bioremediation process. Results illustrated that the
Shewanella sp. and P. aeruginosa were enhanced the bioreduction of ferric iron in the presence of AQS, humic
acid and fulvic acid in soils. When soil samples were inoculated with Shewanella sp., and AQS was added to the
soil samples (in acidic and calcareous soil samples) the concentration of ferrous iron increased intensively.
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