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Naturally ocurring pLasmids and heavy metal resistance of
 

Thioba illus ferrooxidans.
 

This is the final report from the Project "Naturally ocurring 

plasmids and heavy mutal resistance of Thioacillus ferrooxidans" 

It convers the total research period betwenn September 1984 to
 

April 1937. The results are the following:
 

i. 	Standarization of tha techniqucs for monitoring ferrous iron 

oxidatinn bv ThiobaciIus ferrooxidans. 

In relation to the techniques to be used in the project, the 

oxidoreduction and complexometric techniques in order to deter 

minate Fv ic and total Fe are standarizated. 

These techniques are used it order to carry out the quantifica 

tion of iron in the kinetic studies of the chemical and bacte­
++ ++ + 

r ci oxidation of Fe to Fe 

Whea w,:erake the ferrous determination using oxido-reductiun 

technique with KM 4 like vanrizer, we find that this techni­

oe doesn'! have the sensibility that we need .:hen the iron 

concentration is low ( 10 mg/mi) . On the other hand when we 

uise the cn ple:.omnerri c tr chnique with EDTiA-Nn iike ,-icraizer 

aid --alicilic acid or .',nnl orangc lIke indicator, we find 

a vory n -Ii ilIb o.renking a t low ccncentr-tion cf iron. 

The so ros uits arc shown in talle I and fig. I and 2. 
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TABLE 1 OXIDATION 
TECHN IQUE 

OF FERROUS IRON MO0NITORED BY COMPLEXOMETRIC 4 

T'ime 
days , 

EDTA (ml)
Exhausted volume 

FFe' 
Mg. 

0 0.3 101680696 *,. 

1 0 .35 0,01971 

.3 

4 

5 

6 

. 06 

1 .0 

2 .5 

66.6 

3;6 4 150 8 

0, .60.O2 2 494 

1 .4905800 

3.7253'248 

' 

4 

7 11 2 6 .2/N59 8 4 

2'. Isolations of Thiobacillus ferro"bxidans and 6t'her bacteria 

water' samples we're collected from drainage at 27 
mnng one are listed, in Tabl~e 2. Al ape 

mines. The 
eetranspor-

ted' to the laboratory 'on ice. 

'Water' samoiles wer~e inoculated' in a)'KTK medium' Xiuovinen-Kelly 

1973) forec isolation of Thiobacillus~ ferro6xidans'. Th'is media 

has, the following composition (g/lt): K2HPO'4'0 .5; (N11 4 ~'so4 

0 .5;'Mg'SO 7H 0 0.5 g, 1' so011 IN; 1,000 ml and 'Fe SO 

711 ? 0,. '3 '.I 

7 



TABLE 2 MINING ZONES VISITED 

Mining zones Water samples 

Jun in Co rican cha 

hima El Bar6n 
Aurelio 

Tam b or a qu e 

Arequipa Cerro Verde 
Santa Rosa 
El madr igal 
Yura 

La Calera 

Cerro de Pasco Cerro de Pasco 

Cajamarca Trag aC ero 
Perolitos 
Socavon Real 

San \gustfn 
Barragan 
Arpon 

Yola 

Los Mantos 
Musa de Plata 
P'zos IR:i cos 
Ca r o l ina 

Huaraz Ca ridi 
Co tL r c ii ; 

.or cu I -,r 
Cc'11 a r r a 

,.oltMo t 171r v 



TABLL 3: >1IC ROORGAN I SMS ISOLATE ) FROMf. WATER 
______SAIIPI, 

ater 
W a tmp l eM 

samle 
e r a 

TK TS6 ___ 

e d ijum-
TI i Luria 

Coricancha + + _ + 
ElB r6n - -+ 
Atlrc ! o -r -­ + 
"am h,- raqI IC + + _ + 
C to VeI'de + - + + 
Sa1ta !, osa + 
E_I ladrial + - + 
Y* ra + - + 

alicra + - + 
oerro 10 Pasco + + _ 

Tra a d ro­
1ero 1 tos -

Socav()n + - + 
, 

oOaPa r r a 'an La ++ -_+ -+ 

Aon + + _ _ 
Yo a + - + 
0.I-, Intos + - + 

N o Plata + - + 
' , ico4 + - + 

Ca ol Ila + - + 
D S, 

-::-"1',! 
c id" + 

+ -
- + 

+ 

Cn.o t 
iL.:' 

- ,
i n.s 

-
+ 

-
- - + 

C ,!+- a ra ra _ 



A'I 

Fi F . 33 , , 4. , 5 a n d 6 : I K tvr o ntr pn sa i .n t eid fsr oamt n wa t e r s 



I 

tt t 
jAr'*/ 

to 

8' 
PQ 

~-r' P 

K 

'7 

N 

-$7 
7. 

'-4 

a 

C 
I 

4 

4 4 

H 
Qq 

a 

Q
 



b S6 m AL~ for Jat n. o A o h lci u L = um Thi m 

0 0 1 H 04,0 02<5 ;Ca . 

cTHmedium, for isolation of~~ ujL.~ strainsophhi SLda.
 

hstef-ollowing composio (9/1)'. K HPO 0 .5* (N11 S 

and' 1i-so' 0.1 N, 0 0m1 

d Lriamedum for iso la tion of heterotrophs. This med i a 

ha te01 ow ngcomposition g6 )Bacto triptone, 10, yeast 
extract, 5 and Na ci, 5~ 

It were isolated a high number of 
'Strainslisted, in'Table<"3.A'
 
There were~ some hetetrophs which were present in differ6ints
 
mines water. Fig. 
 3', 4, 5 and 6 shows the morpholog Iy of t hese 

-microor.'ganisms wich' can have some importance in tehob ~~ll 
lyll


Snatural environmentActua1y nActeu tio we are beginn ing to' study' ~'fj' 
there is smkigof relationship between these microorgan'isms 
and Tl-iibacillus ferrooxidans, but at this, time we do no i 
re'sults to show here. 

3. Purification of Thiobacillus ferrooxidans.
 

To confirm the purity of
growin T. ferrooxidans tan
to~ stat' -te' t a
in -soid ir ec
 sary togo 
 hs tan nsldmdia . We developed a. 
 "i' 

nighly' efficient solid media which havetefylwic ops­
to g/) (NHi
4 ) 2 so 4 , 3.0 ; M g so4 * 7HH2 ) 0 .5;Kcl, 0O.1I; Ca 

(o3)2 
 0 018 ; K2 11P0 4, 0.05; Fe. SO 47H 20, 4.4 g; Agar Oxoida

L-28, 7; 'and 1destilled water 1000 ml. The Phtgrp 5show 

c-oiso . 'ferrooxidans on 'solid 'media. We inoculate o6ne~~",AW" 
colony in liquid medium., This procedure needed t o be repeated 
at least' three tiime.- After -third' pass'age in liquid media, thes'e "n 

stan eecompletely puiidthrough' resistance to silver. . 

They3 kere g rown i' Tuov in en -Ke lle-y Med ium w ith1 inc rea s ing c on
 
'ccnt'rations of silver nitrate un til t h'ey 
 cani not:Aoxid zoe 

ferrous i ro0n .­
-



After we search for acidophiles presence in cultures of T. 

ferrooxidans : T . acidophil us and Ac idujhilum_ .rptum (the pa t­

tern strains were a genurous gift of Dr. Harrison, University 

of Miss:our i T h' e d ia u. ; d for thei ol a c on of A. cpry trn 

contains the following (U w/v): 0.2 (N14), so4 .01 KCl, 0.025 

K , . 71it, ) , . 0 1 Ca ( 0 ) 2: 2-lu . 1I A g c ose and 
0.0 1Z yea.st extra.t.. Aidpphi-u- was looked for using Basal 

9K medium of silverman and Lundgren with 1' glucose and 10 p.p. 

m. 	 of ferrous qulfate. 

With the techniqtes used we have demostrated that our cultures 

are purified and we got strains C115 (Tamboraque, Lima) C116 

(Aurelio, Lima), CH18 (Santa Rosa, Arecquipa)? CH40) (Cerro de 

Pasco, Cerro de Pasco) , C142 (Carolina, Cajamarca) and CH43 

(115rcl.aes, 1aaraz) . 

We 	 are continuing with the purification of the other strains; 

hut the following experimuts and results were accomplished 

with these six pure strains. 

4. 	 Studies of the physiology and genetics of pure strains CH5, CH6, 

CH8, CH40, CH42 and CH 43. 

A. 	 Utilization of sulfur compownds as energy source T. ferrooxi ­

dans strains CI5, C,6, CHI8, CH40, CH142 and CH43 were inocula­

ted in sulfur, thiosul fate and pyrite media. Sulfur medium 

were prepared by add in:.g 0.5 Z powdered sulfur (W/v) to basal 

media adjustrd t pH1 4.2 0 01/, th mol .lte was used as p1l 

ind ica tor. 

Growth of the bacteria in su, fur, thiostlfate and pyrite media 

w,'ere detected by microscopic assay and verified by pH measure­

mient . ' h, ,lutfuric :ck,] for::ed from the o::id tion of su1 lfur, 

th osul21ate and pyrite c.n1sod N eor in of I oncno i'ant with 

The results of growth in thiosulfate and sulfur are in the Ta­

ble 4 . 



TABLE 4 	 GROUTH OF T. 
AND SULFUR. 

Sulfur 
Strain Initial final 

pH1 pH 

Ct5 4.2 2.1 

CH6 4.2 2.2 

C1118 4.2 2.1 

C1140 4.2 2.1 

C142 4.2 2.1 

CH43 4 .2 2.2 

FERROOXIDANS IN TIIIOSULFATE PYRITE
 

Energy Source Pyrite 
Thiosulfate Initial final 
Initial fiNal pH pH 
p H pH 

4.3 	 5.0 2.8 1.6 

4.3 	 2.1 2.8 1.6 

4.2 	 2.1 2.8 1.6 

4.3 	 2.1 2.8 1.6 

4.3 	 2.1 2.8 1.6 

4 .3 	 2 .1 2.8 1 .6 



TABLE 5 : EFFECT OF INITIAL INOCULUM IN TIIIOSULFATE UTILIZATION 

Cepa Inoculum Growth on Thiosulfate 

06 
C115 I0 

7 
bact/ml 

10 7bact/ml +++ slow 

TABLE 6: ABILITY OF USE THIOSULFATE AS ENERGY SOURCE 

CH5 Growth on Thiosulfate Total 

# col 10 140 150 

%7 93 100 



TABLE 7 USE OF TIlOSULFATE BY REPLIR IF IED CH5 STRAINS 

S train Thiosulfate Init 1Initial pH final 

CH5 tio + 4.0 2 .1 

EL-7U 

EJ-78 

EL-79 

EL--85 

EL- 9 

EL--O0 

t 

t 

t 

t 

t 

t 

4 .0 

4.0 

4 .0 

4.0 

4.0 

4.0 

3. 5 

3.5 

3 .6 

3. 5 

3. 4 

3. 7 

EL-6[ 

EL-75 

EL-Ill 

tio-

tio 

tio 

4.0 

4.0 

4. 0 

6.0 

6.1 

5. 8 

TABLE 8 UTILIZAT ION OF SULFUR 

FERROOXIDANS TIO 

AND FERRIC COMPOUNDS BY T. 

Strain 

CU5 

EL-61 

EL,75 

EL-1 I 

2+ 
Fe 

+ 

+ 

+ 

+ 

0 
S 

+ 

+ 

+ 

+ 

S 
2 

+ 

-

0 
3 

SFe 

+ 

+ 

+ 

+ 



'AN 
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i 7 os f e oi d 

• :Growth of T. f errooxidans in solid media . 



CII 5 had an odd growth in thiosulfate when 
was used an inoculum
 

of 106 bact/ml these were no growth. With a bact/mI
107 these
 
were no growth. With a 107 bact/mi inoculum there were slight
 

growth (Table 5). We thought the pos biliLvy to have a mi::ed po­
pu.. I of.onThiObacillqu f -errooxid ans, one of t:hen can grow 

in thio.si.ate and another can not. In order to prove that, we 
screenid 5I clonus of C 5 (purified by growth in so]id media)50 


on their ability to use thiosultate as energy source. The re­

sults are in Table 6.
 

These 10 were
colonies screened 
again, giving them the best
 
conditions to use thiosu]fate: metal ions supplement, very
 

high inoculum 
and longer times of incubation. With these condi-
Lions, we obtained si: strains tlhiosulfate deficient (C) and 

three strains were incapable to use thiosulfate a; energy sour 

ce (tio ) (Table 7). 

Thiobac:iilus ferrooxid~nsEL-6I, EL-75 and 
EL-Il were screened 

by their capability of sulfur and ferric compounds utilization
 

(Table 8) , but they shown 
the same pattern of growth. 

We have developed a thiosulfate solid media to use thiosulfate 

as a marker in T. ferroox dans genetic studies. And finnally, 
we are beginin, electrophoretic whole-cell patterns 
and 6-C
 
contents with EL-61, EL-75 and EL-Ill to get a better know ­

ledge of these natural mutants.
 



Orai~compouns inhibtion were assesed by, examining .r4ihnd oxida<i 

Sti&6o- offerrodi sulfate, inToiinKle (T-K) medium with different~> 
cocnrain o oi~mprvts~u ita lactose. andci lucose. 

4~~ 'The 	 protof5±inib.'ion in, T.<ferrooxians'.< v~ . 

Strains,! OHS,; 	CH~6, CR18, CH40, CH42 ;nd CH43 a.re in ,a e 

'S~B''~ ~ , ~r 	 MIC; ,- 5, 

~Lactose 	 Sodiumi Sodium 'Lactose -WGlucose '<~ 
Citrate Piruvate 

,Strain, 

,I. 

01-5 10 10 0.,35 0.10 "' NI 4!f' 

CH6 	 :10, 10 0.62 NT, NI 
CH18 10 10 0.10 0.-10 ' NI~' 

.' 

CH40 5 NIT Q'.55 NT NI . 

CH42 NTk NT' NT, NT N 
"
 rNTCH43 NT NT NT 	 NI '" 

TABLE 9 	 IRO1N OXIDATION INHIBITION BYORGANIC COMPOUNDS ND: NO DATAS .. 

NI: NO INHIBITION (MAXIMUN CONCENTRATION TESTED: 100 mM-) . 

There wer- a big difference between our, results adfi'om another laborato.(%% 
ries~because there were not' inhibi tion of' seriii'un oxidation using 'P",sSi4 . 

glucose as 'organi-c compound added to TK mediun. We. decided to test ifzour 

strains are capable to utilize that glucose as carbon or energy source .">4IS s 

In order-to try that wegrow CH-18 in TK med2.un with~fei'rous' and glucose ;;">,;S-l 

and we monitored initial and final glucos'e, iritia± and,,final ,ferric: iron' 

and initial and final cel oncentration.. 1 , :"~ 

The results are giving in TaUle 10. They show'that 'th'ere is not "utilza--~-­
- S tion of gluc'sa, ou strains"~ ol s eru ina'energy ~soiirce Eind 

CO ;scaribon~ source, bhut ther'e is, no iiihibition by presence ofvlcs 

in TK' medium. 

'SC.Metal 


'As 

useda wdr .tmn were a-sesedKb examnin 

u's 0, Ch~'! S(b)n 'as' H(\O, S,{rio' 
ro 	 cobalSOsCamum- ar.CdHl 	 (00 as 

- 1 4~1' 	 2 ~ a .1 3,1 
2H0 Mercury (fig) asHgcli--- tlijcke~ (I as 

'-2' ~ (Te) as K teO zinc (Zni)
~''~Si'Se Telru 	 -~~2' 

2 .	 -~'-
5 

o,,,. NH 	 4H 'S,' I0 0.i 


A~~~~ 6~SsSS5i.5'.7S'jj 22Si'~SSS' 'lIs~I
24S 5.5, 

4 	 15S;. 

.>S .5Sanis 

rowth (s-and oxiatino' e 

rsncAS) n: as Cl:AOs.,,S'S'"55SS.y'
Co C , ope )a
 
t4 u ~iia

S Ni. .:1 ,See1' ( i 

as 0S 7H10 and.Molybdenumri5 '5tS 

11S~-'57 

4,...-s' 2S'i5 V~'~" ' 

''II"~-5.I''-"5.
 

'.I ,ss l'5I.S
 

,'''5..5~ 



CHitahce ferric iron ce-l number 
0uco.3e ferrous initial final initial final initial final 

+- + 0 0.54 6.84 3 . 4 ! 67x10 

+ + + 1.25 0.965 0.54 6.76 3.61xl 1.70xl 

+ + - 1 .04' 0.925 0 0 4.85x!6 7. iOXIO 

- + - 0.860 0.925 0 0 0 0 

+ + i.005 1.022 0.54 1.10 0 0 

TABLE IC : GROWTH OF CHIB INI GLiJCOu. A-.' FEhiMOUS IRON. 



The profiles of metal resistince in T. ferrooxidans strains CHS, CHG, 

CHI8, CH40, CH42 and CH43 are in Table 11. 

metalie Strain 
ion C5 CH6 CIl8 CH40 CH42 CH43 

I~ 
rh.... 

x -1v 
5x 

lI 
10 1 M 

xl-1 
X0O M 

-i 
5xlO 1< 

-J. 
5x1O M 

-i 
5xlO1 N 

Cu lxlo- 1M-l-i lx!O I.IO -I MxlO-i ixlI-l i iM-il­ ix-i M 

Zn 5xO 1 . Sxlj 1 5x10 14 5x10 M 5x10 N 5xlO iM 

Cd 3x10
s-2-2- '4M xlO M 3xl0 2I-1 -1 -i -1 

As 7x10 7x0- M lxlO N ixiO ixlO M ixlO M 
lp 7xI0-71

Hg7x0N 7xi0-7
x1 

-7
7:<10 N 

-7
ixlO N, 

-7
ixlO M 

-7
ixlO M 

MO IxO5lxlO -5ixC 
-5ixlO N 

-5ixl) 11 
-5ixlO M 

-5
ixlO N 

Cr iXlO-3Crii ixlO-3xO N ixlO-3ll -35 xlO N -3!xlO N -35x1O N 

Sn 
-3 

ixlO M 
-3 

1xlu , 
-3 

ixlO M 
.-3 

5x1O -M 
-3 

xlO M 
-3 

5x1O M 
Co -2lxlO N, IxlO 1X--N IxlO -M 5xlO N -IixlO N -15xlO N 

TABLE 11 	 Metal resistance of T. ferrooxidans strains CH5, CH6, CHI8, 

CH40, CH4 aivi C!143. 

It was screened the eff-ct of metal ions over different concentrations of 

feroous and sulfur as enerp source. It was assesed ferrous iron concen ­

trations of ', ;, and 30 	 n. The results are in Table 12. 

There are not major di ffreacus a.on the metal resistance of T. ferro ­

oxidans strains C2>5, C0,6, CHlU, Ch40, ClH42, and Cii43, hut it exists 

slihts difYerences in metal resistancc by CHIi an it is shown in Table 

12. The metal resistance level remains the same in all the strains even 

thoi, h the uri',inl mine envirr:.ment was very different. 



TABLE 12 METAL RESISTANCE OF T. FERROOXIDANS. 

CH5, CHG, and CfMl with different concentrations of ferrous iron and sulfur. 

ION Cepas 5 g F c 10 g Fe 30 , Fe 5 p Azufre 

Ni, Zn CFS, h6, CHiB, 0.5 0.5 05. 0.1 

Cu, Al C15, CHG, CH18 0.3 0.3 0.3 0.1 

Co 

1Sb 

Sn 

Cr 

Cd 

As 

(14) 

(rM) 

(mM) 

(rm 

(ram) 

(,iM) 

CH5, 

C15, 

CH5, 

CB5, 

CP5, 

CH5 

CHG 

CH18 

CH6, 

CH6, 

CH6, 

CH6, 

CHiG, 

CHi8 

CH18 

CH18 

CHI8 

CHIN 

0.3 

10 

1 

1 

50 

50 

50 

50 

0.3 

5 

1 

5 

50 

10 

10 

50 

0.5 

5 

1 

1 

50 

70 

70 

100 

0.02 

5 

0.1 

1 

50 

5 

5 

10 

%jo (U.) CH5 

CH6 

CBE1i 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

5 

5 

Ag (u,) Ci5 

CBt 

CH!8 

3 

3 

1 

1 

1 

1 

1 

1 

1 

5 

5 

10 

jiig (u:M) CH5 

CB6 

IO18 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7-

0.7 

0.7 

0.7 

5 

5 

10 

Te (uM) CH5 

CH6 

CHid 

5 

5 

5 

5 

5 

5 

5 

5 

5 

1 

1 

5 



D Nitrogen Compounds utilization.,~.~' 

It was assesed utilization of urea anid, no nitroge 

examining gr~owth and ferrous iron oxidation.. 

3 

11rciT by 

., 

TiJresults of these experiments in.T. ferrooxidans strains CHSL..Qi n 

CH18 are in Table .I 

Arinoacids inhibition wF~re assesed by examining rwhadoiaino 

ferrous sulfate in Tuovinen-Kelly (T-K) medium with the following pools 

of aminoacids. 

Pool 

1 hitidie, henyalanneglutmin 

Aminoacids 

2 

3 

5 

6 

8 

10 

4. 

7histidinbe, 

9 

leucine, tyrosine, asparagine, serine 

isoleucine, tryptophan, glutamic acid 

methionie,.lysine, threonine, asparticlai 

thiamine Avaline, arginine,3glicine 

methiornine, ithiainine 

'.leucine, isoleucine, lysine, varine 

phenilalanine, tyrosine, thriptophan, threonine 

glutamine, asparagine , aspartic acid, arginine 

serine, glutarnie acid, DAD, glycine , . 

.3., 

. 

V 

Augment of lag period produced by inhibition are listed, in Table 14. The 

results show that there is not strong inhibition in T..ferrooxidans 085; 

08~C6, CHl8, 0842 anid CH43. T'.ferrooxidans 0H40 was completely ~inhibited by.
pools 4 anid 6. The only. coono aminoacid is methionine, Actuially,. we are 

tesingmetionneas in~hibitory of ferrous iron oxidation. If we can 

confirm it methionine would be ')ur second mark~er and we would managed a3 
genetic system to improve,T. f# rooxidans metal resistance level. 

3 

4 
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TABLE 14 . EFFECT OF AvINOACIDS ON GROW'{TH AND OXIDATION OF i"EIIPOU3 SULFATE. 

N­
2 d: Number of days of lag period, N 6: No growth. 

CH5 Ci}{ (T,I E C 40 CI I"2 CI:43 

tro 4on,.'. .i,"" 3d 

2 4d 3 4d 6d 3d 3d 
3 4 d 43d 4 d 5d 3 d 3 d 

3 4d 4Id 4dcdid c 

i1 7d 4d 7d ND 4d 3d 

5 4d 3d 4d 5d 3d 3d 

6 4d 3d Id ND 3d 3d 

7 4d 3d 4d 5d 3d 3d 

S 4d 3d 4d 5d 3d 3d 

9 4d 3d 4d 9d 3d 3d 

L 10 5 6d 3d 5d 5d 3d 3d 



E. Plasmid Profils.
 

For plasmid isolations, batch cultures were grown in 1 liter flask. The 

bacteria were harvested and the pellet was 
washed in acidic water. The 

resuiting'pellet were resusoened. in TES buffer (5,0M,,Tris, 2mtM EDTA, 25% 

sucrose, pH 2.0) to induce Sphecoplt;c formation, L,.'i, f the cells waz 

accomplished hv addiI, :' K:,and rP . tisee V (ma Ml 

Sodium chlorride M was added to a fi nal concentration o '" M and was held 

an 4 C ove"n',iKlt io prec.Uiptate chromosomal DNA and :;G protein compie ­

.. Centrifu-tio at '35,;O x.',f.r 4.0, min . at 49 C r,ecipitated the cc ­

liular debris. The supernatant co.tainin vaou laamid forms were preci 

pitated wit.h 2.5 volumes cf 957 ethanol and nlucogv-n Q E m -1 This 

mixture was held at -20 C ove'ni iht to ald in the precipitation of the 

nucleic acids froilowed hy centrifupntion. The :cilet was resuspended in 

'Ef.buffer and s-top mix.
 

The covaluntely closed circular forms of plasmid were resolvud by 0.7, 

alnrose el ' (4h 3 in TEA butffr NOi;,e~ ct phores is mA) Tr'is, 2 m 1 

!DTA, 20 W, Sodium acetate, ph E-.05). Plasmids of known molecular weights 

were used as .tanar., 

The sizes of plasmids of CH5, CH6 , CHIB, CH40, CH42 and CH43 are indicated 

in Table 15 and in fig 8. 



lk i~ TABLE 15 PAMDPROFILE 114 T. __________EROOXIDAITS 0111CH,CH4, C1;H8, 

de in to size<. ('x 10-. 

CH6 
 pCH 6 

22
 

StHai Noplasmid Pam ~ 

CH40 pCH-401 22 

0116 p011-61 22 

pCJI-182 6.5 . . 

0H142 1 an H0aprnl plasmihsm 'rfl (btt4ofr
 

that odIoersrcinezmswr)~~ ~ ~ ~ ~ ~ ~ ~weaebgnn ~ ~ H2hv ~~ ~o ~ ~ 
01140id n H2hvpan-d0 h aeapaetl 22ls rfl lo
 

0bu4 ofte aetesm22tlrssacpal-43 eel rai opud 

inhbiio,ulurco 
punds3utlzto 6.5iroe
oponsihiiin
 

Ther isntrlainhpbewe 
 rsec fpasisadan 
 tde
 

chara 

.er
 

1 



C115 C116 C1118 CH4 2 CH40 CH4 3 

IrIe 

is id screen in 'C1. f Cf!5, C16, CHI18, CH4o, CH42 and CH'13. 



CONCLUS IONS
 

1. 	 It were isolated a high number of Thiobaci LIus furrooxidans
 

from different mineralogical zones contai n;i high concentra­

tions of metals. These s trains have pote itca I genetLc resis­

tance to different mineral. It is possible to select one of
 

them Lo be used in bacterial Leaching in any special kind of 

pruvian mina-rals. 

2. 	IL Was got six pure strains of T. ferrooxidanq wich have been
 

studied in their biochemical, phisiological and genetical cha 

racteristics, it has permited us to get a better knowledge of
 

this specie and recognition of some inhibitory factors. These
 

results will be applied in practical Leaching work. 

3. 	There are some rcuu!qt as alternatives sources of nitrogen and
 

lack of inhibition ,' some org;an ic compounds winh offer posibi 

lities of inmediate aplication in bacterial leaching processes.
 

4. 	There is no rclationship between meta] resistance or any ano­

ther characteristic api p.asmid presence. >letal resistance 

level r>ta ins Lie ;amn: in all studied strains even though dif­

ferent mineral and metal concentration in bacteria orig inal en 

vironmenL. Differences in metal resistance might be related to 

c hrei:osomal D NA.
 

5. 	 Has been develee a ih ly,' efficient solid media for 

Tbi oha.cil ti, fou-ro::idans and .six pure strains we 11 character i 

ed.. in.,; o 0,fe them C H 5, it has been isolated three natu 

ral thiosulf:te mutnt,: FL,-6 , EL--111 and E1-7;. It has been 

demon t rated that C IAO become inhibi ted by the presence of one 

amin,,ncid, thur, in a strong nosibil it)' that m,,tionine will 

be 	the inhibitocrv aminoacid (we are fini sthin; some r, sear ch to 

co irI !r). V. :Ve so lo pl:s dis ,'sr i stri in s an,, C I 4_2 

wiclh hais no plasnmid in it. With all this re.t ] ts we are ready 

to b- g n -. t ic "tud i ; to improve Ineta I re.istance in
 

Thiiobaci 1 us ferrcoxidan.
 


