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Naturally ocurring plasmids and heavy metal resistance of

ferrooxidans.

This is the final report from the Project "Naturally ocurring

slasmids and heavv metal resistance of Thiobacillus ferrooxidans'.
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It convers the total resecarch period betwenn September 1984 to

Anril 1337. The results are the following:

1. Standarization of the techniques for monitoring ferrous iron

oxidation by Thiobacillus ferrooxidans.

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

oxidoreducticn and complexometric techniques in order to detecx
, R o )

minate Fe , Fu and total Fe are standarizated.

These techniques 2re used irn order fto carry out the quantifica

tion of ircen 1in che kinetic studies of the chemical and bacte-
rial oxidatien of Fe++ to Fe+++.

Whea we make the ferrous determination using oxide-reduction
technique with KMnO4 like valorirzer, we find that this techni-

have the sensibility that we need when the iron

L

que doesn
concentration 1is low ( 10 mg/ml). Oun the other hand when we
nse the conplexometric tecennique with EDTA-Na like valoraizer

¢ acid or wylenal orange 1ike indicator, we find

[

and =alicil

a very sood sensibilicy, working at low cencentrntion of irvon.

&

These rosults are shown ian table 1 and fig. o and 2.

Fe+++ Dotermination

Complexometric Techniqgue

Valorizer: EDTA-Na Indicator: xylenol Orange






TABLE 2 : MIN

NG

ZONES

VISITED

Mining zones

Water samples

Junin

l.Lima

Arequipa

Cerro de Pasco

Cajamarca

Huaraz

Coricancha

El Bardn
Aurelio
Tamboraque

Cerro Verde
Santa Rosa
El madrigal
Yura

La Calera

Cerro de Pasco

Tragaadero
Perolitos
Socavon Real
San Agustin
Barragan
Arpon

Yola

Los Mantos
Mesa de Plata
Przos Ricos
carolina
Desconocida

Caridnld
Coturcan
Hircules
Collaracra
Monterrcey




TABLE 3: MICROORGANLISMS ISOLATED FROM WATER
SAMPLE_

Water sample Medium
T TK TS6H TH Luria
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5 and 6: Heterotropns isolated

from mining waters.









After we secarch for acidophiles presence In culturcs of T.

ferrooxidans: T. acidophilus and Ac idophilum cryptum (the pat-

tern strains were a gencrous gift of Dr. Harrison, University
of Missouri)., The wmedia used for the isolation of A. cryptum

contains the following (7 w/v): 0.7 (SHQ)? Soa, J.01 KC1, 0.025
}{2111’04, 0.025 .‘\i}.;SO/‘ 7”2)' .01 Ca (f\«'()j)z, 0.1 % glucose and

0.017 yeast extract, T. acidophilus was looked for using Basal
IK medium of silverman and Lundgren with 17 glucose and 10 pP.-pP.

m. of forrous aulfate.

With the techniques used we have demostrated that our cultures
are purified and we got strains CHS (Tamboraque, Lima) Cl6
(Aurelio, Lima), CHIS8 (%anta Rosa, Arcquipa)? CH40 (Cerro de
Pasco, Cerro de Pasco), CH42 (Carolina, Cajamarca) and CH43

(Hércules, Huaaraz).

We are continuing with the purification of the other strains;
but the following experimcuts and results were accomplished

with these six pure strains.

Studics of the phvsiology and genetics of pure strains CH5, CHS§,

CH18, CH4O0, CH42 and CH 43.

Utilization of sulfur compounds as cnergy source T. ferrooxi -
dans strains CHY, CH6, CH18, CH40, CH4?2 and CH43 werce inocula-
ted 1an suliur, thiosulfate and pyrite media. Sulfur medium
were prepared by adding 2.5 % powdered sulfur (W/v) to basal
media adjusted te pH 4.2 0 01% thvmol bHlue was used as pH
indicator,

Growth of the bacteria in sulfur, thivsulfate and pyrite media
were detected by microscopic assay and verified by pH measure-
ment. the sulfuric neid formed Trom the oxidation of sulfur,

thivosulfate and pyvrite caused lowering of pli concomitant with

. + ¥
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The results of growth in thiosulfate and sulfur are in the Ta-

ble 4.



TABLE 4 : GROWTH OF T. FERROOXIDANS IN THIOSULFATE PYRITE

AND SULFUR.

Sulfur Energy Source Pyrite

Strain Initial final Thiosulfute Initial final
pH pH Initial final pH pH

pH pH

CH5S .2 2.1 4.3 5.0 2.3 1.6
CH6 4.2 2.2 4.3 2.1 2.8 1.6
CHis 4.2 2.1 4.2 2.1 2.8 1.6
CH4D 4.2 2.1 4.3 2.1 2.8 1.6
Cll42 4.2 2.1 4.3 2.1 2.8 1.6
Cl43 4.2 2.2 4.3 2.1 2.8 1.6




TABLE 5 : EFFECT OF INTTIAL INOCULUM IN THIOSULFATE UTILIZATION

Cepa Inoculum Growth on Thiosulfate
Cclu5 106 bact/ml +--
107 bact/ml +++ slow

TABLE 6: ABILITY OF USE THIOSULFATE AS ENERGY SOURCE

CHS5 Growth on Thiosulfate Total
# col 10 140 150
7% 7 93 100

N

\“



TABLE 7 : USE OF THIOSULFATE BY REPURIFIED CHS STRAINS

i . . _— pH
Strain Thiosulfate Initial final
CHS tio + 4.0 2.1
EL-77 t 4.0 3.5
| EL-78 t 4.0 3.5
. EL-79 t 4.0 3.6
 LL-85 t 4.0 3.5

BL -89 t 4.0 3.4

EL-100 t 4.0 3.7
. LL=-61 tio~ 0 6.0
f EL-75 tio~ 4.C 6.1
! EL-111 tio 4.0 5.8

TABLE 8 : UTILIZATION QF SULFUR AND FERRIC COMPOUNDS BY T.
FERROOXIDANS TIO

e S

: . + °

;w Strain Fe2 S 32 O3 SFe
. cH5 + + + +

|

I EL-61 + + : - +

| EL-T75 + + - +
| EL-111 + + - +




ig. 7: Growth of T. ferrooxidans in solid media.

<



CH 5 had an odd growth in thiosulfate when was used an inoculum
of 106 bact/ml these were no srowth, With a 107 bact/ml these
wvere no growth. With a 10" bact/ml inoculum there were slight
growth (Table 5). We thought the posibility to have a mixed po-
pulation of ?ﬁlﬁhﬂﬁi}JQﬁ_fﬁEﬁQﬁiﬂdﬂiﬁ’ one of then can grow

in thiosulfate and another can not. In order to prove that, we
screenc-d 150 clones of CH5 (purified by growth in s0lid media)

on their ability to use thiosulfate as energy source. The re-

sults are in Tabhle 6.

These 10 colonies were screcened again, giving them the best
conditions to use thiosulfate: metal ions supplement, verv
high inoculum and longer times of incubation. With these condi-
tions, we obtained si% strains thiosulfate deficient (t) and

three strains were incapable to use thiosulfate as energy sour

ce (tio ) (Tabhle 7).

Thiobacillus ferrooxidunsEL-61l, EL-75 and EL-111 werec screened

by their capabilitvy 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 thiosulface
as a marrer in T, fervooxidans genetic studies. And finnally,
we are beginiang celectrophoretic whole-cell patterns and 6-(C
contents with EL-61, EL-75 and EL-111 to get a better know -

ledge of these natural mutants.






CH 1& subcstrate rlucose Terric iron cerl number

luccae  ferrcugs initial Tinal initial final initial final

+ + + 1.06 0.965 0.54 6.76 3.81x10 1.70%10"
+ + - 1.049 0.925 0 0 4.85x16 7.10%10"
- + -~ 5.860 0.925 0 0 0 0

- + + 1.005 1.022 0.54 1.10 0 0

-3
x>
6]
=
=
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<

GROWTH OF CHi2 Ii GLUCOSLGE AND FEKKOUS IROM.



The profiles of metal resistance in T. ferrooxidans strains CH5, CHG,

CH18, CHA40, CH42 and CH43 are in Table 11.

metalie Strain
ion CH5 CHG CH18 CH40 CHa2 CHa43
) - -1 ) -1 -1 -1 -1
Mi 5x10 M H5x10 M 5x10 M 5410 M 5x10 M 5x10 M
-1 -1 -1 -1 -1 -1
Cu 1x10 M 110 N 1210 M 1x10 M 1x10 M 1x10 M
. i -1 -1 ) -1 -1 ) -1 -1
Zn 5x16 M Sx1lu M H5x10 M 5x10 M 5x10 M 5x10 M
-2 -2 -2
Cd 3x%10 M 1x10 M 3x10 M
_ -2 -2 -1 - ~1 -1
As 7%x10 M 7x10 M 1x10 M 1x10 M 1x10 M 1x10 M
X -7 -7 -7 -7 =7 -7
Hg 7x10 M 710 M 7x10 M 1x10 M 1x10 M 1x10 M
-5 -5 -5 -5 -5 -5
1o 1x10 M 1210 M 1x10 M 1x10 M 1x10 M 1x10 M
-3 -3 -3 -3 -3 -3
Cr 1x10 M 1x10 M 1x10 M 5x10 M 1x10 M 5x10 M
=3 -3 -3 -3 -3 -3
Sn 1x10 M Ixlu N 1x10 M 5x10 M 1210 M 5x10 M
-2 -2 -2 -1 -1 -1
Co 1x10 M 1x10 M 1x10 M 5x10 M 1x10 M 5x10 M
L

TABLE 11 : Metal resistance of T. ferrooxidans strains CH5, CHG, CH18,

CH40, CHAa2 and CH43,

It was screencd the eoffect ¢f metal ions cver different concentrations of
feroous and sulfur as enerpy source. It was assesed ferrcus iron concen —
. "

traticons of 4y, 10 5, and 30 ;. The results are in Table 12.

* s

"~

There are net major differencues ar.ony, the metal resistance of T. ferrc ~
oxidans straing Cid, Giv, CHls, Cha0, CBEA2, and Ciia3, but it exists
slishts diflerences in metal resistance by CH1S as it is shewn in Table

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

though the oripyincgl mine envirciument was very different.,



TABLE 12

: METAL

RESISTANCE OF

T. FERROOXIDANS.

CH5, CHG, and CH1& with different concentrations cf ferrcus iron and sulfur.
100 Cepas 5 ¢ l'e 10 p Fe 30 g Fe S p Azufre

Ni, “Zn CHS, CH6, CH1& 0.5 0.5 05. C.1

(1)

Cu, Al CHS5, CHG, CH18 0.3 0.3 0.3 C.1

(M)

Co (i) Ct5, CH6, Ciig 0.3 0.3 0.5 0.02

iSb (mM) CH5, CH6, CH18 10 5 5 5

!

sn (mk) CH5, CH6, CH1S8 1 1 1 0.1

Cr (m¥) CHS, CH6, CH1E8 1 5 1 1

th () Ct5, Cli6, CE18 50 50 50 50

As (i) CH5 50 10 70 5
CHe6 50 10 70 5
CH18 50 50 100 10

Mo (uM; CH5 10 10 10 10
CHS 10 10 10 5
CH1% 10 10 10 5

Ag (ul) Cti5 3 1 5
CHB 3 1 5
CH18 1 1 10

Hg (ud) CH5 0.7 0.7 0.7 5
Ciid 0.7 0.7 0.7 5
CH18 0.7 0.7- 0.7 10

Te (uh) CHS 5 5 5 1
CHG 5 5 5 1
CH18 5 5 5










TABLE 14 : EFFECT OF AMINOCACIDS ON GROWTH AND OXIDATICH O FERROUS GULFATE.

Ne d: Humber of days of lag period, N &: Ho growth.

Strain
Food CHL CHie CH1C CHA0 CHal CHa3
Control e d 4 5 3 3¢
1 Ad 3 Ad La 3d 3d
2 4d 3d ad 6d 3d 3d
3 4d 4d Aad 6d 3d 3d
A 7d ad 7d ND 4ad 3d
H ad 3d 4d 5d 3d 3d
6 4ad 3d ad ND 3d 3d
7 ad 3d 4ad 5d 3d 34
8 4d 3d Ad 5d 3d 3d
9 4d 3d ad ad 3d 3d
10 O 3d 5d 5d 3d 3d
L




Plasinid Prefils.

1

For plasmid isolaticns, batch cultures were prown in 1 liter flask. The

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

~

resulting pellet were rasuspended in TES buffer (50mM Tris, ZnM EDTA, 2%Y%

3 e~

sucrose, pil 8.0) to induce Sphecoplast formation, Lyvsis of the cells was

accoemplished by adding 199 8DS and Proteinase ¥ (fmp ol ).

V.

vodium chloride 9N was cdded te a {inal concentraticn of 1 M and was held

[

at 42 C oovernipht Lo precipitate chronoscmal DHA and

at 25,000 xo I'or 40 nin., at 492 C
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llular debris. The supernatant containing various plasmid ferms were preci

- 4

pitated with 0.5 velumes of 95 ethancl and rluconen (1 ingomi ). This
mixture was held nt -0 C overnisht to aid in the precipitation of the
nucleic acids followed by centrifupation. The pellet was resuspenden in
TE buffer and stop mix,

The covalentely cleosed circular forms of plasnid were resclved by 0.7%

v

CEA bulfer (4ACLN Tris,

’

e
o
)
=

asrarcse pel olectropheoresis (4h 3¢ na) in
EDTA, 20 i Tedium acetate, ph #,05), Plasmids of known molecular welghts
vere used as sinndars.

placmids of CHS5, CH6, CH1&, CH40, CH42 and CHA3 are indicated

in Table 15 and in fig 8,

>






CH5 CH6 CH18 CH42

CH4O CH43

Plasmid screen in T. ferrocxidans CHS, CI

'
1

6

, CH18, CHA40, Cil42 and CHA

2

“te



CONCLUSIONS

1.

4

It were isolated a high number of Thiobacillus ferrooxidans

from different mineralogical zones containing high concentra-
tions of metals. These strains have potencial genetic resis-
tance to different mineral. It is possible to select one of
them to be used in bacterial leaching in any special kind of

peruvian minerals.,

I't was got six pure strains of T. ferrooxidans 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 inhibitorv factors. These

results will! be applied in practical leaching work,

Therec are some reoults as alterunatives sources of nitrogen and
lack of dnhibition v some organic compounds wirh offer posibi

lities of inmediate aplication in bacterial leaching processes.

Thuere is ne relationsbip between metal resistance or any ano-
ther characteristic ard plasmid presence. Metal resistance
level remains the same in all studied strains even though dif-
ferent mineral aund metal concentration in bacteria original en

vironment. Differences in metal resistance might be related to
chromosomal DA,
Has been develeoped a highly efficient solid media for

ciious fervooxidans and six pure strains well characterdl

zed. By using one of them CH3, it has been isolated three natu
ral thiosulrate mutante: ¥1L,-61, EL-111 and ¥l -75, 1t has becen
demostrated that CHA0 become inhibited by the presence of one

aminoacid, there is a strong posibility that mothionine will

be the inhibitory aminoacid (we are finishing some research to
contirm ). We nave sone plasmids Searins strains and OHSG2

wich has no plaswid in 1o, With all this results we arce ready
to begin genctic studies te improve metal resistance in

Thiobacillus ferroouxidans.



