SFIRITUS ¢
<
AAE c
=

JB

Ivnids

' B G R Y el g
UNIVERSIDAD PERUANA CAYETANO HEREDIA
CALLE HONCRIC CELGADC Ke. 832 — TELF. BI5772 ’

- T w7 UF!}ZHUJ\CIOE HAGENILRLA - SAN MARTIN DFE PORRAS
UL < [ AP, Se45 '
LIMA — PERU LL ’.’ b}
r . - , .
[ }
(R

Miss Linda Lou Kelley !

Agency for Intermational Tevelogient ' -2 T
Av. Espafia 386 R S~
I'."i.‘rmf_‘_: 14 S ey

Please Find emlosed the First Intedm
Report: Period cover=d Soptacbher to Decs=mber 1984,

Sincerely,

/\’ I
W
D, José& Luis Bauer
Professar of Microbiology
Department.

JLB/mep.

A
XV VR F I P



¢

UNIVERSIDAD PERUANA CAYETANO HEREDIA

CALLE HONMORIO DELGADO Me. %32 - TELF. 815772
URBARIZACIOX IRGENIEREA -~ SAK MARTIR DE PORRAS 7

c
2
3
5

-~

SPIRITUS
IVHIJIS

AP, 043 ,
LIMA — PERU - (e~

3
e ————

FIRST INTERIM rROGRESS REPORT
Projact N2 364 - 1486

"NATURALLY OOCURING PLASMIDS AND HEAVY RESISTANCE OF Thicbacillus
ferromddans

This repart covers the period between Septenber to December 1984,

In agresment to the establis®ad in thes project implerentation and res -
poasibilities, the following are the advances:

In first place the Laboratary is beirg Impiswated and the labaratary
epiipent ard erpeadshls supplies are being adgquired throagh WR Compa
oy.

In relation to the Techaical Comsultation the sscomd iTvestigatar fram
Univers 3ad Pamiana Czyetanc Heredia, Jasmin Rrtedo is hosted fram Oc-
tober by Ir., Ame Suress of the University of Geargia for a period of
4 months, oosulting on certain techrical amd implamentation aspects of
the msearch activity (Genetic aspects), and later she will be two months
at Ghio State University with Dr. Qlli H. Tuovinen, consulting on physio-
logical aspects of the microorgavisms invalved ir the leaching process.
mmmmﬁngm&:staﬁmmrftmmqum&nisol_g
tion, purification and characte:ization of T. ferrvoxidans strains.

In this mroent, we have Five isolates, from mine weaters.

1. Cemro Verde ~ Arequipa

2. Santa Rosa - Arequipa

3. Coricancha ~ Lima

4, Aurelio - Lina

5. Paraccha —~ Cerro de Pasco

The microorgen’ sns isolated are authotrophics, Gran nsgative rods, able
to produce axidation of the fesroms iron, but in arder to confirm  if
themimw;mgaais:smz.f:__goaﬂm,uwimﬁgatdfmm_n
p]e,thennlu:u’iarpermmtafmmim+cytodm
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The problems that we hae ere the following:

A~ The auvthotrophics micrxrganisms are susoeptible to srfer iphi-
bition of their growth from arganic copounds., Te agar agar
mst be purified if we want to uvse it like a satidifying agent.
0n the other hand, the metzbolic products, like arganic acids,
that thay produze during their growth, caxse an inhihition of
growth when these acids are acoumlated, We are in the process
investigating this proxles now,

B~ The apparition of precipitzte that oooxs dring fermas  iron
aidation, produeces interTereaoe with the twbiimedric smasare
ment of the cultires, ard with the protein Gosage.

Using amberlite IR-120 cation exzhange resin we zmm salving this

problem,

C-The use of the coventional cultures media far T. fer—aucidns
produce poar cultures. It is pecessary to impove these Sormala
tion in order to cbtain better ocaitures,
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Second Interim lrogrens Heport

Froject N® 30h-1480

“NATULALLY OCCUIGLING PLASHIDS AND HLAVY METAL WESISTANCL
OF THIOBACILLUS FEHRIOON1DANS®

This report cover the period between January to June 1yy5,
The advances are the following:

The laboratory is alvready implemented, and the laboratory
equipricit is anberating,

In relation to the Technical Consultation, Miss Jasmin lurtado,
Mo Se. carried out during October O to March d at University of

Georgia, Anne 0, Surmers's Laboratory the followiug experiments;:

Lo= drauspoesition ot oo (!Z. coll pij J000: Tn5) 1o Hliub_;_l‘g_illus

Yoersatus

Se= dumproveucut recovery of Yo versatus To% nutants,

e Charvceterization of 1. rYersatis tn mutants

Do Plaseid wereen in oparentals aond T muwtants straing

Com Plasvuid verecu in metal resistant strains, Use of restrijction
[\ ll'/,j'Lu' S

7= Trunstorwation, Cloning Vectors

Be= Hybridization

Experiments jerformed during Maveh 8 to May 8 at Ohio State

University at ulli L, Yuovinen's Laboratory,

l.= Carboys culiure ot Lo terrooxidans

2,- Prevein detevmination af 1. ferrvoxidans

Jo= Stimulation/inbibition of sulfur, and sulfur compounds on
ferrous oxidation by T. ferroonxidans: clark clectrode {uxynen
consumption) amd ferrous oxidotion.

In relation to the techuilques to be vsed in the pre jece, the oxido-

reduction and complexemetric techniques in order to deierminate

++ xS . .
Fe ', Ve ad total Fe are standarizated,

Rec'd in sy, AUG g yog5
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These techuiques are used in order to carry out the yuanti-
fication of iron in the kinctic studies of the chemien) and

. . . . ++ L+
bacterial oxidation of Fe to Jle o

Yhen we make the ferrouy determinntion using oxido-reduction
technigque with KMno4 like valoraizer, we find that ihis tech-
nique doesn't have the sensibility that we need when the iron

concentration is Jow (< 10 mg/ml). Un the other hand when

ve use the couplexometric technique with EDTA-Na like valorai

zer and salicilic acid or xylenul orange like indicator, we
find a very pood sensibility, worhing at low concentration of

iron,
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et . .
Fe Determination

Complexometric Technique
Valoraizer: LDTA-No Indicuter: Xylenol Urange

4+ .
A blue complexo of Pe ~ Xylenol Orange is  formated aud

by titulation with SDTA-Na Selution cause g chiange of  the

blue calor and a yellow color appenr,

In urder to deterwinate totnl Fe, iy necessnry to oxidize

the sampl  with 3. 1i,0, nund make the total Fe valuation
. NEEE: T

like Lo .

. . L+t +++
Oxidation of Ie to le

Bacterial oxidution Pracess
Coumplesovmetric Technique

Kelly medium

Time EDTA (wl.) rett*
days Exhausted voluwe wy .
] 0.3 0,1650696
1 0.35 0a.1094701
3 Ua0 U, 3641508
4 l1.U U, 602049y,
5 2.5 o hU05800
0 6.6 3.7253248
7 11,2 0. 2745984,

In relation Lo the sample colection, we have samples  from
Arequipa, Lima and Cerro de Pasco, and we are working with
the microorvpganiswos isolated from these wmine waters,

The yrowth on selid medin is solving with the use ol puri-
fied apar, and now we can obtain iselated colonies of  our

straine,
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The apparition of precipitate in onr liquid media wvas
golving using the Ferrous Iron Medium (Tuovinen Lelly,
1973) which has the following formulntion,

<.

Mineral Salts Selutiovn:

K i0h U5 g
(.\;n,“)ﬁ SUk U.5 .
My 50‘,‘ 74,0 V.5 o,
112501‘ U 11~.\' Lo i,

{(sterilize by nutoelaving)

Perrous lron Solutican (Per liter)

Fe a‘()[‘ 7 ii,”,U 167 o,

u,

{#teritize by filtration).,

50, 1w 50 wl.
i
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Ferrous Iron Medium:

Mix 1 part ferrous iron solution to & parts mineral salts

solutioun,

The plb ol the medium is 1,0,

++

Bacterial Oxidavion of e

Complexometric Teelinique

FPerrousg lvon  tediuwm

Time TN (1Y) T
Hours Fabaueted Volune ng
U Val, 0,2 U,1052720
8 U,y 0.2 0, 1050720
16 0,4, h,2 U, lose7in
23 0.3, V.3 0,1570084
L0 0.9, 0,5 0,203157
46 0.0, 0.7 nnﬁuzlsug
Oh 1,25, 1,25 0.6579517
88 3.7, 3.7 1.894901
y6 4,0, 5,0 4, 1054450
111 7.0, 7.1 Je7108L7H
114 Bel, 8.0 hotlosy)o
117.5 9.1, 9.1 4.78988487
120.5 10,2, 10,2 5.3088802
135.0 12,05 6. 0584717
159.0 12,05 0.0584717
231.0 12,65 6,0584717
Total PFerrous betermination
Complexvmetric Technice
Medium DTy (ml) pett
Uxhausted Volume my

Ferrous lron

Medium

12,05

0. 671010630
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In order to investigate the inhibitory effect of the

bacterinl erowth, from organice compounds, we are in-

vestigating the eftect ol the pyruvie acid on the Fe-
rrouy Uxidation by Thiovbneilluy ferrvooxidans,

The godiuwe pyruvate concentrution uscd were the follow
by v

-3 ! -
ing 10774, 107", 1072

’

Mo We lind that sedium pyruvate
- —4 G . . )
10 3M und 10 M, produce inhibition of the bacterial fe-
[ £4
rrous oxidation, but wvhen we use godiun pyruvate 10 )M

the ceffcet to scen stimmlating,

Iyruvie deid Effcet on the Ferrous Oxidation by Thiobaci-

Llus ferrvooxidans,-

Culture +ith P fet” pe’’ ret?

Sodiwm Pyru~ wy Sl m;;//m] m;;/ml my Sl

vute 90 hrg, 48 lirs, 70 hrs. 92 hrs,

10"’ TR 0,131 0,18y 0,294

)

107" ¢, 1035 0, 184 TGy 0.381

1077 0.1l 0,523 1,946 5.70

Contrel witlout

Pyruvate 0,118 u, 04 1.87 3.00

Control without

bacteria U, 071 u, 105 0,226 U,273

Bacterial Growth Control,-

Celture Bactorial Baeterinl
Number Number
Initjal Final (Y2hrs,)

Without Sodium ~ 7

Pyruvate 1 x 10’ bact.,/ul, 9 x 10" bucta/ml,

With Sodium - 9

Pyruvate lU_5M 1 x 1u’? bact, /ml, 1.08 x lu vactyul,




Effect | on  the:Ferrous uxidation by

Thiobacillus ferrooxidans.

U
110 M
Jro7im
ConTre
withe
_l1Badwia
“wy

G
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THIRC INTERIM PROGRESS REPORT
Project Na 364-1486

"NATURALLY OCCURRING PLASMIDS AND HEAVY METAL RESISTANCE

OF THICBACILLUS FERROQXTDANS

Principal Investigatar :

DR, JOSE L. BAUER

Rec'd in S¢- FEB12 1986
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This report cover the period between July 1985 to Docember
1985. The advances are the following:

1) Studies of the physiology and genetics of the isolated

strains of Thiobacillus ferrovoxidans.

To confirm the purity of T. ferrooxidans strains it was
neccesary to grow these strains in solid media, and then
inoculate one colony in liquid medium. This procedurc
needed to be repeated at least thres times. After third
passage in liquid medila, these strains were caipletely
purified through resistance to silver. Theyware grown
in Tuovinen-Kelley Modium with increasing concentrations
of silver nitrate until thoy con not oxidize ferrous iron.
After wo search far acidophiles presence in cultuves of

T. ferrooxidans: T. acidophilus and Acidophilum cryptum

(the pattern strains were a generous gift of Dr. Harrison,
University of Missouri). The media used for the isolation
of A, cryptun containg the following (% w/v): 0.2 (NIM)2
SO,, 0.01 KC1, 0.025 K2HPO4, 0.025 MgSO4 71'120, 0. 0.1 cCa

4'
(NO 0.1 8 glucoso axl 0,01% yeast oxtract, T. aci-

302

dophilus was looked far using Basal 9 K medium of silver

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

sulfate.

With the techniques usaxd we have danostrated that our cul-

tures are purified (strains CH5, CH6 and CH18).

We uscd these strains for the following experiments.

A) Utilization of Sulfur and Thiosu fate as cnergy source
T. ferrooxidans strains Cil5, CH6, 118 were inoculated

in sulfur and thiosulfate media.

Sulfur medium were prepared by adding 0.5% powdered -
sulfur (W/v) to basal nedia adjusted to pH 4,2, 001%

thymol blue was used as pll indicator.
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Growth of tho bactaria in sulfur and thiosul fateo media
were dotectod by micruscopic aspay and verifiod by pH
measurament.  Tho sulfuric acid faormed from the cxida-
tion of sulfur and thiosulfate cauvsed lowering of pH
concamitent with growth.,

The results of growth in thiosulfate and sulfur are in

the Table 1.
Energy STRAIN
Source pH Cli CH6 CHL8
Sulfur initial 4,2 4.2 4.2
final 2.1 2,2 2.1
Thiosul- initial 4.3 4.3 4.3
fate
final 5.0 2.1 2.1

TABLE 1. Growth of T. ferrcoxidans in Thiosulfate
and Sulfur.

B) Organic Campounds Inhibition

Organic cawpounds inhibition were asscsed by examining
growth and oxidation of ferrous sulfate in Tuovinen-Kelley
(T-K) modiun with different concentiations of sodium piru-
vate, sodium citrate, lactose and glu;:ose.

The profile of inhibition in T. ferrooxidans strains CH5,
CH6 and CH{18 are in the table 2.

s
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Qrganic Concentration STRAIN

Campound (M) as a6 ans

Sodium 1x 107 D ND 15 d
1.5 x 1074 154 154 NG
1x10°3 NG NG NG

Sodium 1x1073 0d 0d 04

Citrate )

1 x 10 2d  o0d 0d
1x107t N NG NG
5 ,

Lactose 1x 10 04 ND 0d
1x 1074 2 ND od
1x1073 NG ND NG

Glucose 1x1073 od od od
1x 1072 0d od od
5 x 1072 od od od

TABLE 2: Effect of organic cawpounxls on growth and oxida -

tion of farrous sullata. ND: No data, NG 1

no growth ; ng Gy Nuber of days of lag period.

C) Metal Reaistance

Metal resistance were assescd by examining growth and oxi -
dation of ferrous sulfate in TK medium with a range of metal
concentrations. The metals used were Antimony (Sb) as  --

C4H4KO7Sb, Arsenic (As) as Na31\so4, Cadmium (Cd) as CdClz.

HZO' Cobalt (Co) as Co Clz. H?O, Copper (Cu) as 5040.]. 5H20,
Chramium (Cr) as (NO3)3 Cr. 9}1?0, Tin (Sn) as ClZSn. 2H20
Marcury (Hg) as HgClz, Nickel (.nj) an Soqu. 6!120, Selenium

(Se) as Se, Tellurium (Te) as K2t003, zinc (Zn) as ZnSO4.
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7H20 and Molybdenum (Mo) as (NII4)6 Mo7024. S

CHS5, Cll6 and (118 are in Table 3.

D) Nitrogen campounds utilization

It was assesed utilization of urea, aminocacids and no nitro-
gen source in TK medium by examining growth and ferrous iron
oxidation.

The results of these experiments in T. ferrooxidans strains
CH5, CH6 and CHI18 are in Table 4, 5 and 6.

Strain
metalic
fon a5 a6
CHLB _

Ni 5 x 107M 5 x 107IM 5 x 107M
Cu 1 x 10 M 1 x 107M 1 x 1071y
Zn 5 x 107 M 5 x 10~ 5 x 10~
o 3 x 10" 1 x 10°%M 3 x 1072
As 7 x 107%M 7 x 107 1 x 107
Hg 7 %107 M 7 x 107 M 7 x 107 M
Mo 1 x 107°M 1 x 107°M 1 x 1071
cr 1 x 1073y 1 x 107 1L x 107
sn 1x107M 1 x 107M 1 x 10 3M
Co 1 x 1072y 1 x 1072 1 x 1072

Table 3: Metal resistanco of T. ferrooxidans strains CH5, CH6
and CH18.



Concentration CH18 aié

(bact/ml) TX ¢] -N TX U -N X -N
Initial 1x10% 1x10% 1x10° 2x10% 2x10° 2x10° 3x10° 2 x 10° 2 x 106
Final 2x10% 2x10% 2x107 2x10% 2x10% 2x107 2x108 2x 10% 2 x 107

1
!
J

Table 4: Effect of growth and oxidation of ferrous sulfate using Amonium Sulfate (TK medium), Urea (U)
arnd no nitrogen source (-N).

Concentration
(bact/ml) 9K Medium A B
Initial 5 x 10° 5 x 10° 5 x 10°
Final 3x 10’ 5 x 10' 9 x 10°

Table 5: Effect of growth and oxiZation of ferrous sulfate using
two aminoacids pools A: Leucire, tirosine, aspartate and serine
amd B: Cisteyne, Isoleucine, triptophane and glutanic acid in
CH18.
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Concentration CHS CH6 CH18
(bact/ml)

™ A TK A ™ A
Initial 2x10% 2x10%° 2x10° 3x10° 1x10° 2x10°
Final 2x10% 3x10% 2x10% 3x10®% 2x10% 3x 108

VYW

Teble ¢: Effect of growth and oxidation of ferrocus sulfate using pool A in

strains CH18, CH5 and CHS6.
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E) Plasmid Profile
For plasmid isolations, batch cultures were grown in 1 liter
flask. The bacteria were harvested and the pellet was washed

in acidic water. The resulting pellet were resuspended  in
TES huffer (50mM Tris, 2mt EDTA, 25% sucrose, pi 8.0) to in-
duce Sphecoplast formation. Lysis of the cells was accamplish
ed by adding 15% SDS and Proteinase K (2 mg m ).

Sodium chlaride 5M was added to a final concentration of 1 M
and was held at 49C overnight to precipitate chramosamal DNA
and SDS protein camplexes. Centrifugation at 35,000 »g for
40 min. at 40C precipitated tho cellular debrig. The Buper-
natant containing various plasmid farnmswere precipitated with
2.5 volumes of 95% cthanol and glucogen (1 mg ml—l). This -
mixture was held at -209C overnight to aid in the precipita-
tion of the nucleic acids followed by centrifugation, The pe-
llet was resuspended in TR buffer and stop mix.

Tha covalentely closed circular forms of plammid were resol-
ved by 0.7% agarose gel electrophoresic (4h 30mA} in TEA bu
ffer (40mM Tris, 2 nM EDTA, 20mM Sodium acetate, pH 8.05).
Plasmids of known molecular weights were used as standards.
The sizes of plasmids of (115, CH6 and CH18 aro indicated in

Table 7.
Plasmid Plasmid
Strain designation Sizelx 10_6)
cHS pCH - 51 22
{ - 52 . 6.5
CH6 P
pCH - 61 22
ans pcH - 181 22
pCH - 182 6.5

Table 7: Plasmid profile in T. ferrooxidans
straings Cl5, Q6 and CI118.
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F) Guanine plus citosine content of the DNA and electro-

horetic whole -cocll protein patterns.

Thare ware sane problan using theso lwo techniques Lhat
wo arc trying tc solve.

In G-C content wo woro utilizing samw veagents with im -
purities and low-cell concentration. In Sodium Dodecyl
Sulfate-Polyacrilamide Gol 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 fram Dr., A,

Harrison, University of Missouri.

CONCLUSICNS

Our results indicate that there is only one difference between
T. ferrooxidans strains CH5, CH6, ({18 and is thiosul fate uti-
lization, Wo are trying differents plf arxd thiosul fate concen-
trations to denonstrate it, If that is true thiosulfatao utili
zation would bo the first genotic marker.

Wo will study growth and ferrvus oxidation with anotheramino-
acids and the posible utilization of organic campounds.
Rostriction endonucleases will be usad in order to characterize

the plasmids isolated.

Collection of mine water samples. Isolation and purification of

T. ferrooxidans strains.,
We began tc visit mining zones. ‘Ihrea mine water sanples wore
collected and they were procesed to isolate T. ferrooxidans by

culture in 'K mediun,

The resuits are in Tabloe 8,
Wo are purifying two icolations of Koricancha mine. Kor ptroin
ig fran mine water and Kor -§ strain is fram sediments of mine.

Kor-§ has bettar growth in solid and guid media,
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