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ABSTRACT 
Two strains of photoqnrheiric sulf!rr bacreria werr isolafed 

after enrrchmenr on pyrite - conraining medium from cerlaim 
localities in Egypt. . Isolarcs were able 10 grow aurorr~phj~ully 011 

F c S Z  as an elecrrotr donor . They were ~ e r ~ ~ a l i ~ ~ e l y  ide~itjfied as 
Chroniariun~ MNll arid Ctr/orobiunr NY2 , Bollr werr able to 
dcsulfitriz pyriric coal anaerobically . Sulfirr leaching cflicnrcy 
reached 834 in case c;f Cltronro~iun~ M N l l  u~rd 888 in rase of 
Ch/orObfun~ NY2 . A precipirare of ferrous contpnutrd like illire , 
l l Z S  gas , and elmierrral sulfur were defected aftrr rlEsulfuri:arion . 

Key words : Chromatium sp. , Chlorobium sp. 
Desulfurizariorr , Coal , pyrite leachir~g . 

INTRODUCTION 
The contribution of microorganisms other than the acidophilic 

becterium Thiobacillus ferrooxidans to the solubilization of minerals 
has been demonstrated (for review see Kelly et a1 . , 1979; 
Lundgren silver , 1980 ; Brierley , 1986 ; and Liselotte et al. , 1990) 
Interestingly , the use of photosyntheitic anoxygenic bacteria for 
leaching purposes has not been throughly investigated . 

The idea of the present work depends on the fact that 
most strictly anaerobic phototrophic bacteria are capable of 
fixing C02 trough anoxygenic photosynthetic process in 
which a sulfur compound more reduced than sulfate acts as 
the electron donor among this group of bactria , and its 
oxidation product is used to fix C 0 2  and to produce 
elemental sulfur . Elements sulfur is deposited as sulfur 
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produce elemental sulfur. Elemental sulfur is deposited as sulfur 

glohulcs withi11 the cell or outside the cell according to the following 
P 

equation : 

Tie  oxidation of H2s to cle~nental sulfilr rakes place rapidly in the 

ccll ;d suliilr is slowly oxiclizcd to sulhte as follows : 

2 S + 3 CO, + 5 H20 ------- 2 I-12SQ4 + 3 (CH20) 

111 the present investigation HIS was practically replaced by pyrite 

rhcn by coalcontaining pyrite. The isolated phototrophic bacteria attack 

pyritc in coal instead of HS converti~ig i t  to HS according to the 

followi~~g suggested cqustion : 
Pl~~tosy~~tllcr ic FcS2 + 2 11,o ----------- - Sullur bacteria 11,s + Fc(OII), + S (3) 

Dcposi~cd sulfur is cithcr prccipitatcd intracellularly or 

cxtraccllul;lrly according to thc isolate and thc forrncd ferrous hydroxide 

is possibly prccipiiakxl as fcrrous co~~ipound like illite. The fonned HIS 

according to equation (2). 

RIATERIi1LES k1ND IkIETHODS 

Si~luplc loc;~li~ies : Soil si~n~plcs ( mud ) collected from madinet , 

naser, a suburb of Cairo, were used for the isolation of photosynthetic 

sulfur buctcria. Coal samples colected from hlaghara area in Sinai 

Peninsula. Egypt. were kindly provided by Prof. N. A. Eissa Head of 
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physics Dept. Fac. of Sci. AL-Azhar Univ. 

I>yyl.ilc collstitr~tcs 3% (dw) ol'Evl;igli:~tn coal (Eissa et al., 1989). 

Enrichment and Isolation : The following ferrous sulfide medium 

s was used for isolation of green and purple sulfur bacteria; (a) besal 

11lcdil11n : NI-I,CJ, Ig; KF$P04, 1s; MgCI2. Sg; NaCI, 5g; tap water 

700rliL. Dis[rib~rtc ils 70mL aliquots in IOOI~IL wide-mouth 

ground-glass stoppered bottles, (b) NaHCO, 5g; tap water 100nL, (c) 

FeCI. 6H0, 0.005g; tap water IOOmL, (d) FeS (fine powder), 20g; 

presterilized tap water 100mL. Sterilize solutions a, b, and c at 121 C 

for 15 ~nin, cool and aseptically add, to each basal midium bottle, lOmL , 

of c, and 4.7511iL of (1, pII of the midiurn is 6.7 -i- 0.2. inoculate each 

bottle with 5g tliird ;u~d incubatc at room tc~nplature (about 25oC) and 

il l  Illc cliirk for about 12 11 tlicn in the normal day light (300 - 500 Lux in 

rhc carly nloming, 3000 to 5000 Lux during noun and al'lert~oon and 

dark at night) for two weeks. 

Purification and mninknance : Green and purple sulfur bacteria 

wcrc ~ccordc~l ;~f'lcr 10 - 13 days rcspcc~ively. Ericticd ccll populalions 

wcre rcmoved using pastcur pipettes and dircctly used as inocula for 

agar shake dilution tubes containing 3.3(w/v) washed agar according to 

van Nicl ( 1932). Larscn ( 1952), and Pfennig ( 19G5). The agar solution 

(supplc~nentcd with thc ; h o w  t~ientioned iliediurn) was first dispensed 

in 3 mL amounts into test tubes stoppered with cotton plugs. The agar 

tubes were kept li~ol~cri in a water bath at 55 C and inoculated as above. 

Tcn scrial dilution tubes were prepared for each sample. All tubes were 



DESULf URIZATIOIV OF P)%'lTIC COAL 

thcn Ilardencd in cold ufatcr 2nd i~llinediatcly sealed with 3mL of sterile 

o\,crhy consis~irig oi' I p;trt jxirilfin U ~ ~ X  ~ c I  3 parts parafin oil. Tubes 

were i~lcubated in  the dark for 12 h thcn as n~cntioned above. 

Well-separated purple-red and greenish colonies were removed with 

sterile Pnsteur pjpetts and suspended in anaerobic medium for further 

prific:ltion i n  ;lg;ir s h k c  clilulions. Purificn~ion was repeated and purity 

w;ls cl~cckcd using a p1i:isc coritrilst microscope (type I1 Carl Zciss) and 

by thc use of A-C medium (Difco). Pure calturcs were lnaintained in 10 

mL screw cappcd tubcs containing 1 8  pyrite mineral medium. 

lclcntificalion of pure cultures : Idel~til'ictltio~~ of isolates was 

bascci on the followjng crilcsia : cell morphology, sulfur deposition 

(microscopic investigi~tion), color of cell suspension, alld absorption 

to idcr~lify lllc prcdulllillant bnctcriocllloropl~yll and typc of cnrotenoid 

Asscssn~cnt of pyrite oxidiilion : B o t h  inoculatted with bacterial 

slri~ir~s ~rrlrlc invcsligalioo wcrc iiglltly closcd aud stoppers wcre sealcd 

by a strong adhesive tape. Bottles were incubatted horizontally. All 

bottles were rotaled four timedday to insre proper mixing of cells with 

pyrite particles. Seven day liquid cultures containing 1% Fesz 

pseinculated with test organisms wre filtered through whatman No.1 , 

ashless filter paper. 

The filtrate was centeriiuged at 1000 g for 15 min. The precipitate 

on the filter paper (pyrite residues), cell pellet and the supernatant were 



oven dried at 100 C. Dried fractions were measured spectroscopically 

by n hcmi of giit1lrnil rays usi11g the Mossbatter spectroscope type MR - 

260 / MR - 360 Sor the detection of any iron containing compound such 
1 

as Fes2 according to the method mentioned by Montano (1981). Killed 

bnctcri;il sttspc~wior~s were also inoculated to a set of three control 

bo~tlc.sr.r~nl:ii~~ing pyrite ~~~c t l ium and trcnled as above. 

Coal desulfurization : i- Cultural conditions : The isolation 

medium was used to monitor desulfurization efficiency. Crushed 

( particlc size 60 tncsl~ ) was added as 5% (\v/v) instead Maghara coal 

of pyrilc. Cultures were inoculated by test organisms and ir~cubnted as 

st;lted M o r e  for 10 days. O w  set of control bottles was prepared and 

iuocula~cd will1 tlc:rtf bactcri;il suspensions. Anotl~cr set of control 

h o ~ ~ l c s  wcrc ~Ircpi~rcd by lowcring tllc pH of t l~c fncdium to 4.0, thosc 

bottics were not ir~oculatcd. ii-  A~~alyscs : Sets of 100 tnL cultures (the 

lest was lrpcntcd tcn ~imcs) of cach isolate were collected aftcr 3,4, 5, 

6, 7. 8, 9, Lgl 10 clays rcspcctivcly. Fir~al pH of cach set was measured 

i~sing a gl;lss clcctrodc. A total of 3 x 100 mL cultures were used for 

total protein detcrnirlation by treating cells with 0.1 M NaOH at 95 C 

for 30 mi11 and nlcasuring color reaction with folin reagent according to 

Lowry et a1.,(195 1). In order to get rid of the black coal particles orior 

lo truting cclls with Niloil, cuiturcs were filtcred through Whatman 

No. 1 filter paper. A standard curve was made for this purpose using 

bcwirlc scrim tilbumin. Rcst of cultures were filtered through Whatman 

Nu. 1 ashless filter paper. coal particles were oven dried and kept for 
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further spcctroscopic analysis. The filtsalc of each culture was 

cc~~lr.il.llgcd ;it 1000 g for 15 min. Tllc supernatant and the cell pellets 

were oven dried and kept for further analysis. Control bottles were also 

treated as above. All dried fractions were esamir~ed with Mossbauer 

Spcctr.c~scopc type h/fR-2(,O/MR-350 provitfcd wit11 soft-ware and a 

C';~icul:it ion ol'tfcsd li~riz;lliori cffi'icicr~cy : ElTiciency of dcsulfurjmtion 

is calcula(ed using the working parameters of each treatment as follows 

Area of pyrite = Amplitude x line width 

Area of pyri~e hrcn of pyrite 
(11c;id siunple) - (treated sari~pic) 

Results 

Tow bactcrial isolatcs werc obtained out of 50 cultures, that wcre 

able to grow autotrophically o n  pyrite. they were tentatively identified 

ils Clllorobiunl NY2 and Chror~~ntiiu~~ MNI 1 .  Cl~aractcristics lcnding to 

strcll itlc~~lificatiorl arc prrscnlcti ill Tablc ( I ) .  The ability of both 

isol;~tcs to dcsullilrizc pyrilc was conlirllcd by ~nossbuuer spectroscopic 

analysis. Typical absorption peaks of pyrite are presented in Fig (1 A & 

D).Mossbauer spectroscopic analysis of Chlorobiurn NY2 and 

Chromatiurn M N l I  cultures containing 1% FeS2 showed that : i- 

Typical pyrite peaks were recorded in the filter paper precipitate of the 

control and irloculnted cultures. the area of pyrite is smaller for 

inocdatcd sampies, then in control uninoculnted samples this may be 
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due to the abilily of both isolates to desulfurize ( Fig. 1 A, B, & 

C).ii-No absorption spectra indicative of pyrite were recorded in the 

supernatant of both isolates although it is detected in the supernatant of 

h the control medium. iii-A pyrite peak was recorded in the precipitate of 

the control bottles whereas ferrous compound like illite spectra were 

sccosdcd i n  the cell pellct of both isolates (Fig. 1 D, E,& F). 

.Dcs~lIlilrizatiotl of hfaghara coal : A spectroscopic analysis of a head 

sample of Maghara coal showed tow absorption peaks one is 

chalacteristic of pyrite and the other is characteristic of szomolnokite 

FcS04 .H20  (Fig. 2 a). 

Upon desulfurization by phototropliic isolates one peak only is 

rccrwilctl showing a slnnll arca of pyritc due to bacterial lcaching (FIG 2 

prccipifatc of both isolatcs (Fig. 2 d & e). Spectroscopic analysis of cell 

dcbr.is of both isolatcs proved lo be free from pyrite. phase contrast 

microscopic observations of cell pellet after desulfurization showed the 

rlcposit ion of i l l  f rnccl lular sulftlr grat~r~les i n  case of Chrolnatium 

M N  L I .  blossbauer spectroscopic analysis of Mughara coal particles 

precipitated after incubatioi~ of both control and experimental bottles 

showed that 83% leaching of pyrite was achieved after 7-8 days of 

incubation ill cilse of Chro~llatiit~n MNI  1 and 88% leaching by 

Chlorobium NY2 (Fig 3). All rtieasurements and calculations of 

efficiency werc made in relation to control uninoculated bottles 

corirairling 5% WIY coal. interestingly, increasing incubation period lo 
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Ethic  (1) : Cl~:irxtcrstics of tlic isolntcd bnctcria. 

Itlcl~li.lic:itiolt 
cri[er~a Isolatc NY2 Isolate h4N I I 

3 

Cell shape Vibroid ROD 

S i m  0.9 - 1.3 um widc 3.0 - 6.5 unl wide 

1.2 - I .X Lmtg 9.  I - 17.4 U I I I  long 

hlo~ility non-~t~otilc rllolilc 
I 

Color of cell suspension grccrl - brown purple red 

( 1 ) B;lctcrioci~lorophyll c (758 11111) 
(2) D i ~ ~ I ~ ~ i ~ ~ l ~ l ~ r ~ j ~ l l y l l  :I (840 I ~ W )  

(3) Clilorobackne (458) 
(4) Okenone (522 nln) 

I0 d ; ly  did 1101 ilffcct tllc Icilcliing efficiency. final pH measurealents of 

both cul~utrs s l w \ ~ l  iI cirop 1ow;lrds lllc acidic range rcpresentcd as 4.1 

for Chromatiurn MN11 and 3.9 for Uhlorobium NY2 after the seventh 

day of incubation (Fig.4) 

Lowering the pH to 4.0 in tlie second set of control bottles has no 

effect on pyrite and typical absorption peaks were recorded * I 

(notrepresented). On the other hand, growth measurements represented 

as totnI protein content (rng1100 rnL) showed decreased values after the 
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Figure (1) : Mossbauer spectroscopic analysis of 

inoculted and control pyrite containing media. A, b, & C: 
Filler paper yrecipit:ite of control and isolates. P : Pyrite, 
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seventh day of incubation which could be attributed to the recorded 

drop in pH (fig. 4). Hydogen sulfide (H,S) was detected in all 
. , 

inoculated culture bottles in the second day of incubation using lead 

acetate filter paper strips. 

DISCUTION 

yare .< . t l  I '1-Y < ..-./r. ) 

i t  (2): blessbnoer s ~ ? c c L r o ~ ~ ~ l > i ~  n l l n l y ~ i ~  of refcrencc 

nlld treated Alngllarn c o d  sanlples. A : SPectrum of the 

filler paper precipitate of control cod snnlple after 10 

dilyS: nllcl C : si~ectra of the filler pnper precipitates 
erler 11) illCl~bntiot~ with Cliro~~lotilaa~~ b l N f f  nlld 
~ l ~ l ~ ~ ~ l , i ~ ~ ~ ~ ~  NYZ; D and E : Spectn of cell debris of both + 

stmills c"llected nftcr 10 days- 

-, ~olltaillii~g n~cdiu~n. C0111p1ele identification of ai~to!ropll~c 11- 

the two strains is beyond the scope of the present study, therefore tlley 

66 
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Figure (4): Total protein and pH 
clirtngcs during desulfuriz a t' 1011. 

were tentatively identified as Chrornatium sp MNI 1 ond Clzlorobium sp 

NY2 according to pfennig and Truper (1  989). Criteria applied for their 

identification were based on cell shape, motility, sulfur depositon and 

type of bacteriocl~lorophyl1 and carotenoid pigments. 



Chemical analysis of maghara coal samples showed the following 

cori~~'"sitiior~ (% W/W) : Ash, 12.28; C, 66.4; H, 5.1 1; N, 1.05; S, 

4.20; & 10.75 (Eissa et al., 1989). pyrite constitutes about 3.0% of 

Maghara coal.Sulfur leaching efficiency of other methods ranged from 

SO lo 70%. Treatment of Mnghara coal with 5% HCL at 150 followed 

by concc~~trslcd nifric ;tuid i~r;il~rreal rcsultcd in colnplete leacfiing of 

inorganic sulfur, but this process caused darnage to coal matrix (Eissa, 

et al., 1989, Tmna, and Bosecker, 1952 and wheelock, 1977 ). 'The 

l i n t  stcp i n  (lie present i~lvestig;ttiot~ was to adapt some anoxygenic 

pllo~u~rnplric biictcri;l to utilize pyrite i~istcad of hydrogen sulfide. Pyrite 

is a parti;~lly soluble initcrial, tbercfore, it .is separuted from other 

constitucuts or tl~c nicdium by filk-ittion through Wliattnan No. 1 ashicss 

lillcr piper. The li1tcr;itc was i n  turn ccntri fugcd lo sepamle growing 

ccils k71- t l~c purpose of do(icting any pyrite or iiitcrlnediate iron product 

oret-conlc lhis yrvblan.Morcover the concenlmtion of 5% Maghm cod 

(60 mesh) is fvi~nd good enouhgll lo insure proper dispersion in the 

nldi~ilo upon rolatioa. Coal is precipitated wiflii~i 30 lninas a very thin 

layer 011 side of tile incubation bottles (bottles were incubated 



I) invcsriga~cd ~ilicroscopically. I kavy populations were investigated near 
% 

t11c coal precipitate rather than near the surface of incubation botrles. 

sho\ttccl n~asimum total prolcjn conlent in the 6-8 day of incubation 

wJ~cre pII was about 4 jFig.3). Afinding that some purple and gccn 

sulfur photobilckria can resist or grow at low pH is rather v:igue, 

A conclusion tllirt tllc isolated pho~osyt~tJicfic sulf~rr buckria 

Clirorl~;rliu~~l A4NJ J ; I I I ~  Cl~lorobiut~~ N Y 2  can bc uscd in coal 

they sliowcd llighcr cfficicncy in pyrite leaching in addition to thc ease 

of nianipulation of cultures. We did not know much about the exact 

mcchar~isn~ in leaching of organic sulfur but wc recommend lliier used 

its cllicicnt pyrite Icacl~ing organisms since they wen: proved to remove 

83 an 85% of pyrite from Maghara cod samplcs where other methods 

such as thermal treatment, and floatation removed 60 to 70% pyrite 

(Eissa cl A. 1989). 
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