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'?ZJVJRALL-Y OCCJRrIa3 FJ,94I) AND HEAVY 1N OF Tnicbacillus 

fer ooaarts 

Miis repo~rt azwers -die period betwee S&eptrb-r to Dect,r 1984. 
In aspm--nt to tie e-stablis-ie3 in the project inmi lexitatiI] and res
porsibilities, the fol-Lh--ig are the- advnos

in firut plar) the Laboratory is be-ix-ig anted the laboratory
 
ermugmjrrit and p±besirri'lies are 
 being adquired thr-cp4 VW Qrpa
 

12Y.
 
In re-At-Ln to the 71r-b~ical Cnsultation the secaid i-rnestiq~tor from 

kver- d.ad i Cai-zn FHred, Jasmin .9urtark, is Jbnsted fro-m Oz
rotie-z bv D~r. k-rka 5krmrr-s. of the University of Gtcxg-ia for a period of
 
4 !TIXtJ-Ls, ox-n2ing :r1)C.ci-r-tai-cn t-ectical and i'ira-itat 
 L- aspects of
 
the 7-&brc act ivity (CGarrietic aspects), and later she 
will be two mnths 
at I-o State tkniver-sity with Dr. Q111 H. Ttxx-irnia, consulting on phxysio
logical aspect-s of the- Tai-arorganiirs in-aved it' the 1eachuxg process. 
Mi are rywuiL- in t,& staixarixritum of the- tecbzilqus for~ the- i.sola 
tim, pirifiatci and char-xb-Latrit-ci of T. Es czxzidian strains. 
In this irrnt, we have fi-ve isalatr a, froi mx watirs. 

1. Oeo Vercle - Areqipa 

2. Sanxta Rsa - Arcpiipa 

3. Coricanja - Lima 

4. AureLin - Limi 

5. Paraccha - Cerro dle Paso 

'ihx micror9-f.-sr isolatn an authtxrphics, Gram ri aive rodls, able 
to prodr1- oidatirx af tbe- fcirrom iron, tt in cry to Confirmu if 
the rijraqgm-i3 are T. farxxxKIrim we sbxui invetig.ztei far exsn 
ple, the molecular per -A-nt of Gamuirm + cyttxrine 
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A-	 n-r- auJtrq~iii- n are~ su~-spt ihe to Sifff- 5rnii

bit icr of tTf gowth fnrxn orgmic acixpcrd. -e agar agr 

mast be purifie if we ant to use it Lke- a sn'ddf-y-g n. 
Oni tht othezr hand, tihe -,etaol-ic prodwxts, Lilu- xgrdci acds 

that they proxdu~ dur-ng their grodth, ao i hhiticmaEc 

growtb ;Ain tllse azid are acjmulated. We axe in tbe prucm 

ivetigating this pro'z-e riw. 

1-	 C a-itc- of Precbtitate that C dir~infg fe-r-3S irm 

a., i~qtlon-, pr-,iz f- x with the t.±LLez ~r 
mnnt of the c,3i~,a-rr with the protein 

Usin9j ffitA-r~te flR-120 u--~e~ir~r~~~~sc~iv-ing this 

probien. 

C-The Lne of the ain t~iaei'jd for I . fP-x-z~dA-rs 

prol.xce poor cultu~rs. It is aer--;ay to L~Ec-.'e frrmala 

tizn in order to obtain btbe cultures. 
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N0P1ruoct t-1I t 

"NATUIUALLY UCCU1.R NG I.A-')1.: I S A ,D III:AVY MIA'raL uLLS.STANCL
 

U1" THIlODAC:ILLUS l'EitQU ,1 DAN.3
 

Thihs report cover tile jon Oh between Jaiiuar% to Junea 11985. 

'The Iudvaijecta ark. tho fLu-I lowin 

The .1abara tuar isa arir 'dy imuplIemenated, anld thju 1 a born tory 

lit relaitionii te 'jchti catj Colisul Ltat i o, Hiss Jitsmill Ifurtldo, 
M1. Sc. c trvl i hlut (Ic tooI ikiri cr () to March 8 att Uiverus ity oi 
Georiaj, .lti(' 1. nao;i Labo Ca tory he fol lowing experimils: 

1 1 t, i". I ,! 'Ill; (V. col j pInj )k1188: In) to Thititbilcjll1us 

vail.11015 of, 11 "i 

:2. -1 , -1 iV.0 t, Ik~I I,Ct :z I i. t v itu 10 nts. tioto sr Usv o1t rvsti) 

- Chriivot iw.iH ofm Mch to MaFul 8n t Ui iOa0C duin I. 

1.- Caro y:3 i I t t it r e t 1'. 1 v r rt o i o a (I~ i s ix t tit 
2'.- PrLein I e tV,ir flit t I o ( roxjt iiajis. . o tsrc 

7.- IonUI . IU1011 i it h i ) ohti 1,!;Vccl U)ciaC M)O ILI
 

fo till 0, io Iji T. fe r o i i s
Ilydaro* cl r el ct od 

C0erronaltill iation V f. o Icrt-xjdals ctr eccrul oy 

Ill re.1lt ill) till tile L4-Ctiti jIlt'S tot Ill! tli-d ill tilt' j~lO jVCLtAii OXidO0

redIuc tion0 itil C l)IplI xl~wl'iC' C tl'CIIII itj til ill irti t.' I to delC ri unte 

Rec'd in SCI: IUG at985 
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These techniques arc used ini order to curry out the quanti

fication of iron in the hinctic studico of the chemicail and 
+
bacterial oxidationi uf Fe to F,+"'
 

When we make the ferrous determintion usii.g oxido-reduction 

technique with KIIlnOli like valornizer, we find that this tech

niique do esn't have thi! sellsibility that we need when the irun 

cuncentration is low (< 10 ing/mi)o on the other hand when 

we use the comiplexorut tric tcchnique with EDrA-Na like valorai 

zer and salicilic acid or xyleil orange like iidicator, we 

find a very good sensibility, worhing at low conceltnttion oi' 

iron. 

1'
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Fe+#+ Deterwination 

Complcxone tr ic 'rechinriqu'u 

Valoraizer: Li)TA-Na Indicittur: Xy,1-o1 Orange 

A blue complexo of Fe + + + - Xyl,|nol Orange is formated wmd 

by titillation with 2,'A-Na Solutin cause a chingv of the 

blue color mil a yellow ('ol or aopbeoro 

11 l'thl' to dutezimtV totol ", is lttic#o5d iy to oXidlze 

tlie ,,tli1l With '3;. Ii,)O,) anl wahd% the tutill Fe Volu t iott 

like F + 

Uxiddtion) of Fc + + to Fc+ 
+ * 

lina tt r Jl Uxidltit l'r Cocvs
 

Copjlo:xonctric 'echnique
 

Kevlly mod ium
 

Time :DTA (rul) Fe + + 

dRya Exh1auwteld vo lki III,ILI, 

0 0).3 u.i6su(696 
1 0.35 .10947u1 
3 0.6 U.364 1.u)U 
4 1 .u U.60224911 

5 ..5 1.,4uO5tOtl 
b 6.6, 3.7253248 

7 11,2 6.2745981, 

In rolatint to the stxnp e Co loctioU, upI' httavle from.il4,lt, 


ArequOipo, Limo jitld Cerro deh, 'sco, and we are, lorkiltt With 

the I11icl'otllt'1iSlflos isolatet d iroi' th ,e 1ilic wa\,'tL.sl'H 

The growth on so lid :t'd in is solv ig w tith tle use of puri

fied at_) , and Ilow we Cll obttill isotlal(d coJonies of our 

t 1,1t ils. 

I'] 
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i r1 -Its 

1973)l"izo by1: I.Iit l lo;0 

FVlIT1-0 aU oSo 1-' O tioti (' -Ii 

Fe -,), 11"0 167 g. 

11 61 1 ' 5(0) in1 

( tu'r Ii ize by fuotto iv o)" 

oriitio 

e. 
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Ferrous 1ron Medium: 

Mix 1 part feurrous iron :301UtiOn to Iiprts minerul salts 

Solution. Th pt ul thle medium is 1.6. 

+ +
 
Ox i d( ,io offBIitterial 


colup le x ol tr ic T e hn i (I e 

Ferrousirou Mtdium
 

Time TA kil) 
Hfours ,xhaup tcd Volume Ig
 

0 01Uo, 0,2 0.1052722 

(1,2o 0,2 0.1052722
 
''
1 , Q2 i 202 . 105 272 

23 o , m3 0. 1579"1Ut, 

110 0.5, 0.5 0263157 

It6 0,0, 0.7 t3421.54 

64 1,25, 1,25 0.6579517 

96 It.0, O .,1054456 
1I 7.0, 7.1 )o710tT178 

11 13.(), (3,0 4 .21OH912 

117.5 9.1, 9.1 789)8 7 
120.5 10 .2, 10o2 330 2 

135.0 12°05 
 6.658"717
 

159.u 12.65 
 0.6584717
 

231.0 1'2.65 6.6584717 

Total Ferrouq Deterwii ition 
Co',pl1 e x.x tr ' eln i cUlI ic 

+
Mu.di u IuDT.\ (1, l) Fe + 

l:.Xhlaulltvd Vo Itiplc Ing
 

Felrvoul l'oil
Mle diul n 12.05 0.6716130
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In1 o'dler to investigate the inlibitory effect of the 

bacterini growth, from organic compounds, we are in

vestignting the effect u the pyruvic acid onl the F

rrolns oxidation by T ' c_ II1 i f--y o ,o,-x i dI ,:A . 

The sodiuua pyr' LvO te coinccntr iiLion usIe d wcre 0 olowthI-

ing IO-),m, Iut 11, 1(O-5~% ' ,"" find~thlat .ot,.' i pyr'uvilte
-3/ 

10-3M and 10 :, produce iihihition of tile bacterial i'

rro.4 oxidaLiohl hut whell we it e sodiut pyrtvwate 10_5M
 

the effect to sevili Stimillilitillg,
 

I'yruvic Acid Lficct on the Ferroiis Oxi ition by 'l_i u hjc 1

1ius L'eriooxidnis . 

C111 II ir iP - c.+ +i th Fer,, P 1.1
 
udi]ih ' lt- IIg'/1I I III" uIi
 

vtI e h8 422 s,. 70 hrso. 92 1rs.
 

l. 	 0, W)2 o, 131 1). 1;W ). 2911
 
-


[05 o].lo	 0 , 251 ). 31 

Lon0 1 ' H 	 6lout 

}'y'u vL ,te (. 1 i U, 5011 	 •.!27 

Control without 
bac t u, i a 0.071 0,105 U.226 0.273 

Bacterial (owth '.oztrolo-

Cul tLue 1Itci ( riOl 	 Bactur il 
Nuaub e Number 
1I1i t ia IiFinal (92hrs.'l 

Vithout Sodium
 
Pyruvatc 1 x 10d bac t oil. 9 x 10 7 bact./ml.
 

With Sodium 5 5 i
 
Pyruvate 1O -M 1 x 10 lcto'/Il loUH x 1U 6bactT/Wl.
 



I'yruvic Acid Lffect oUl the: ierrous xid tion - by 

TjIt j nbiic i1 hi c fe rr oox i s . 
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This report cover the period between July 1985 to December 

1985. The advances are the followingi 

1) 	 Studies of the physiology and genetics of the isolated 

strains of Thiobacillus ferrooxidans. 

To confirm the purity of T. ferrooxidans straiLns it was 

neccesary to grow these strains in solid media, and then 

inoculate one colony in liquid medium. This procedure 

needed to be repeated at least three times. After third 

passage in liquid media, these strains were ccrpletely 

purified through resistance to silver. Theymre grown 

in lbovinen-Kelley Medium with increasing con3etrations 
of silver nitrate until they can not oxidize ferrous iron. 

After we search for acidophiles presence in cultur-es of 

T. ferrooxidans: T. acidophiluLs and Acidophilm crvt 

(the pattern strains were a generous gift of Dr. Harrison, 

University of Missouri). l1i meuia used for the isolation 

of A. crptum contains the following (% w/v): 0.2 (N14) 2 

S04, 0.01 KCl, 0.025 K211PO 1 , 0.025 MjSO 4 71120, 0. 0.1 Ca 

(NO3 )2 , 0.1 % glucose and 0.01% yeast extract. T. aci

dophilus was looked for using Basal 9 K nmd iun of silver 

man and Lundgren with 1% glucose and 10 p.p.m. of ferrous 

sulfate. 

With the techniques used wn have denstratd that our cul

tures are purified (strains 015, (JI6 and 0118). 

We used these strains for the following experlnnnts. 

A) Utilizationi of Sulfur and 'AiJosu rate as energy source 

T. ferrooxidans strains C5, CH6, 0118 were inoculated 

in sulfur and thiosulfate nrdin. 

Sulfur moditm wao prepamre by adding 0.5% powdered 

sulfur (W/v) to basal modia d1justod to p1l 4.2. 001% 

thynol blue was used as p1l Indicator. 
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Growth of the bactaria in sulfur and thiosulfnto me-dia 

we.re detected by microscopic nsnay and verified by pil 

neasurement. The sulfuric acid fonmyI from t:he cxda

tion of sulfur and thiosulfal e caused lowering of p1 

conomitant with growth. 

The results of growth in thdosulfate and sulfur are in 

the Table 	1.
 

Energy 	 S T RA I N
 
Source pH CM, C6 CH18 

Sulfur initial 4.2 4.2 4.2 

final 2.1 2.2 2.1
 

hiosul- initial 4.3 4.3 4.3 

fate
 

final 5.0 2.1 2.1
 

TABLE 1. 	 Growti. of T. ferrooxidans in Thiosulfate 

and Sulfur. 

B) Crganic Cc1Tounds Inhibition
 

Organic ccnipounds inhibition were assesed by examining 

growth and oxidation of ferrous sulfate in Tuovinen-Kelley 

(T-K) imxdJln with different concentrations of sodiun piru

vate, sodium citrate, lactose and glucose.
 

The profile of inhibition in T. ferrooxidans strains C5, 

CH6 and CL18 are in the table 2. 
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Organic Concentration S T R A I N 

Carpounid (M) C15 CI-16 0118 

Sodiun 1 x 10 - 4 ND ND 15 d 

- 41.5 x 10 15d 15d NG 

- 31 x 30	 NG NG NG 

Sodium 1 x 10 - 3 Od Od 0 d 
- 2Citrate 1 x 10	 2 d Od Od 

-
1 x 10 1 N; NG NG 

ND Od 

- 4 

I x1actoso10 - 5 0i 

1 x 10 2d ND Od 

-3
1 x 10 NG ND NG
 

- 3Gucose 1 x 10	 Od Od Od 

- 21 xl0	 od 0d Od 

- 25 x 1.0 Od Od Od 

TABLE 2, 	Effect of organic cariqx-oifl1u on growth and oxida 

tion of foerrmun ulfnLo. MWt No data, NG 

no growth ; NO di NtUP ,17 of clays of lag period. 

C) Metal Resistance 

Mtal resistance were assesei by examining growth and oxi 

dation of ferrous sulfate in 'i( mediurn with a range of metal 

concentrations. The metals used were Antimony (Sb) as --

C4H4KO7Sb, Arsenic (As) as Na3AsO4 Cadmium (Cd) as CdCl 2 ' 

H0, Cobalt (Co) as Co Cl 2 . 120, Copper (Cu) as SO4Cu. 5H20, 

Chromim (Cr) as (N 3 ) 3 Cr. 91 20, Tin (Sn) as CI2Sn. 2H2 0 

Mercury (Hg) as IgCI2, Nickel (ni) a SO 4Ni. 611 20, Selenium 
(Se) as Se, Telluriun (Te) as K2 te03 , zinc (Zn) as ZnSO4 . 
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7H-20 and Molybdenum (1o) as )6K 7024* 411(N 4 ) 20. 

"-eprofiles of mt:al. renistance in T. ferroxidans strains 

0 15, C116 anl 0[18 are in 3.	 Cb8e 


D) Nitrogen caipounds utilization
 

It was assesed utilization of urea, cuninoacids and no nitro
gen souro ii TK medium by exani-ning growth and ferrous iron 

oxidat5ion. 
The results of these experiments in T. ferrooxidans strains 

C, OM and Cl 81 are in Table 4, 5 and 6. 

SStrain
 

rmtalic
 
ion "C 
 15 
 a6 MIS]_ 

Ni 5 x 10-]M 5 x 1.0-]M 5 x 1.0-]M 

Cu 1 x i0- m 1 X lo-]Im 1 X 10-1M
 

Zn 5 x 10-1M 5 x 10-1M 5 x 10-M 

W 3 x 10 2M X10 2 3 x 10-2M 

As 7 x 10-2M 7 x M0-2 iI i0-1 

Hg 7,c 10 7 x 7M 7 x 10-7M 

Ml 	 Xl.lo-5M I x lO-5M I x lo- 5 

Cr 1 x lo-3 1I X0-3M I X l-3M
 

3
Sn 1 x 1.0- 1 x lo- 3 I x o- M3M 	 M 

Co 1 x 10-2M i X 10-2M I X 10-2M 

Table 3: 	 Metal resistance of T. ferrooxidans strains 015, C6 

and CH18. 



/-I RITUS C: 

La 

Ccncentratic 

(bact/ml) 

Ital11
Iitial 

Final 

Strain 

1 

2 

TK 

6 
x 10 6 

x 10 8 

CH18 

U 

6
1 x 10 

2 x 10 8 

-N 

6
ix 10 

2x 10 7 

2 

2 

TK 

6 
x 10 

x 10 8 

CH6 

U
U 

6
2 x 10 

2 x 108 

2 

2 

-N 

6 
x 10 

x 10 7 

3 

2 

TK 

6 
x 10 

x 10 8 

2 

2 

CH5 

U 

66z 
x 10 2 

x 108 2 

-N 

x 106 

x 107 

.> 
C 

Z < 

0 

Table 4: Effect 

and no 

of growth and oxidation of ferrous 

nitrogen source (-N). 

sulfate using mroniun Sulfate (TK mediun), Urea (U) 

m 

IConentration 
(bact/ml) 

Initial 

9K Mediun 

5 x 10 5 5 

A 

x 10 5 

B 

x 10 5 

- z 
> 

c>z 0)> 

7 M 

Fipal 3 x 107 5 x 1 7 

Table 5: Effect of growth and oxidation of ferrous sulfate using 

two aninoacids Dools A: Leumire, tirosine, aspartate and serine 
and B: Cisteyne, Isoleucine, triptophane and glutanic acid in 

CH18. 

z 2 
=-> 

z m 
= 



1IRITUS C; 

<C 

Concentration 
(bact/ml) 

CH5 C-6 C018 --3 m 

Initial 

TK 

62 x 10 2 

A 

6 
x 10 2 

TK 

6 
x 10 3 

A 

6 
x 10 

SK 

6
1 x 10 2 

A 

6 
x 10 

~ 

Final 82 x 10 3 8 x 10 2 8 x 10 3 8 x 10 2 8 x 10 3 8 x 10 -

Table E:Effect of groth and oxidation of ferrous sulfate using pool A 

strains CHl8, Ci5 and CH6. 
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E) Pla. id 	Profile
 

For plasm d isol[tons, batch cultures mere grown in 1 liter
 

flask. The bacteria were harvested and the pellet was washed 
in acidic w~ter, ale resulting iYCIet mare resuspended J~n 

TES buffer (50WI Tris, 2nfl F!PA, 25%sucrose, JAI18.0) to in
duce Sphecoplast fia nation. Lysis of the cells was accomplish
 

ed by adding 15% SDS and Proteinase K (2 ng ml- ). 
Sodium chloride 5M was added to a final concentration of 1 M
 

and was held at 40C ornight to precipitate chromomal DNA 

and SDS protein cplexes. Centrifugation at 35,000 xg for 

40 min. at 4QC precipitated the cellular debris. The super

natant containing various plasmd formswere precipitated with 

2.5 volunes of 95% ethanol and glucogen (1 nq ,l- ). This 

mixture was held at -20QC overnight to aid in tly precipita
tion of the nucleic acids followed by centrifugation. IhO pe
ilet was rsuspended in qT buffer and stop mix. 

Mel covalentely closed circular fonio of plamid wero resol
ved by 0.7%agarose gel electrophoresis (4h 3MA) in IFA bu 
ffer (40atM Tris, 2 itI EDTA, 20Mrm Sodiuxn acetate, pi1 8.05). 
Plasmds of known nolecular wights were used as standards. 
The sizes of plasnids of 015, 016 and C1118 are indicated in 

Table 7. 

Plasmid Plasmid 
Strain designation Size~x 10-6
 

015 	 pC(]--51 22
 

M6 	 p0l - 52 6.5 

p0l- 61 22 

03118 	 p(] - 181 22 

pOl - 182 6.5 

Table 7: Plansid profile in T. ferrooxidans
 

strains C115, 016 and 03118. 
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F) Guanine plus citosirin content of the DNA and electro

heretic whole -call proteil pat -tterns. 

,11jere %Kmv s(liu lWrol)IGi ll ing I ItT;o tVw) teclI iques liat 

we are trying tC solv,2. 

wuO UIUt witllIn C-C content W iii ing veagenLtii im 

purities and lc-cell concentration. In Sodium Dodecyl
 

Sulfate-Polyacrilamide Gel Electrophoresis (SDS-Page) we
 

used a low cell concentration also.
 

We have recently received T. ferrooxidans strains we can
 

use as standards of G-C content and SDS-Page from Dr. A.
 

Harrison, University of Missouri.
 

CCNCLUSICNS 

Our results inlicate that tllre is only one difference between 

T. ferrooxidans strains 015, C16, 0118 and is thiosul fate uti

lization. We are trying differunts plhaln thiosulfate concen

trations to dvtil st.rale it. If t:haLt in trtxi thionll fille uti]i.
 

zation would ho the first qenetic lIviaiker.
 

We will sttdy qroth and ferr.ous oxidation with anotheranino

acids and the ponible utilization of' organic clix)undls.
 

Restriction endonucleai;en will. he uscl in otdor to characterize 

the plamnids isolated. 

2) Collection of mine water saiyles. Isolation and purification of 

T. fermooxidans strains. 

We began to visit mining zones. 'llm-3 nine water sanles were 

collected adx they ,exr proces(1l to isolate T. ferrxxidans by 

culture in 'iI< irdin. 

Ilia results are in Tahle 8.
 

We are purifying tva) inolation:, of Koricancha mine. Kor strain
 

is frcii mine water and Kor -S strain is fron nedtiIlnts of mine.
 

Knr-Shas hot Ior lrimwl h in tisl i aixi I ,,m'l
lpi Iid in. 



s IRITUS 

Mine water T. ferooxidans 

02 

Mine Zon PH TU (ng/rnl) Metals isolation > 

Koricancha JtinT 4 25 C 4.5 I Yes 
-3 z m 

.- m 

Zn 

co 

Fe 0 

E1 Baron Lirra 7 250 C 4.4 Fe No S- -m 
m 

Sb > 

z 
ve_--l Bar im 9 25Q C 5.1 No No t' 

-. 0 

m 

_m 


