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I.Abstract: -
a:======-~-------------~-----------------

The biomining or bioleaching of minerals is a process by which metals such as copper, 
gold and uranium are solubilized from the ores containing them by the action of acidophilic 
microorganisms. During this process, bacteria are subjected to different kinds of environmental 
stresses such as temperature or pH changes and lack of essential nutrients that may affect the 
activity of the bacteria, therefore, limiting the efficiency and rate of metal extraction. In 
response to these stressing conditions, bacteria are known to change the genetic expression of 
several cellular polypeptides, inducing stress proteins and others as a defense or remediating 
mechanism to overcome the adverse condition . 

The main objective of this project was to know the stress responses of extreme 
acidophiles such as Thiobacillus ferrooxidan.c; at the molecular level. This is not only interesting 
from the fundamental point of view, but will help also to monitor the in situ state of these 
microorganisms, making possible to improve their ac1ivity in industrial processes . 

Experimentally, we studied the global gene expression changes by using two-dimensional 
polyacrylamide gel electrophoresis of the proteins synthesized in vivo and identified some of the 
polypeptides induced by microsequencing of their N-terminal ends. We analyzed in detail lhe 
proteins synthesized by T. ferrooxidans when subjecte.d to heat shock (from 30° to 40°C), colcl 
shock (from J0°to 10°C), pH stress (from 1.5 to 3.5 and from '.\.5 to 1.5) and the lack ol 
nutrients such as phosphate or changes in nutrients, such as from ferrous iron to elementary 
sulfur, which usually take place in bioleaching operativns. Some proteins were identified as 
stress proteins or molecular chaperone.~. and others as part of the different response systems. 
Based on the results obtained, we begun to develop immunological methods that will allow to 
monitor the planktonic and ore-attached bioleaching microorganisms and their in situ 
physiolo~ical state in industrial operations . 
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OBJECTIVES 

I. 

2. 

3. 

To know the components specifically induced in response to pH, tem~rature and 
nutrient changes. 
To prepare either antibodies or nucleic acid probes de detect the components and 
the levels in which they are induced. 
To assess the relative physiological condition of the bacteria in a given 
bioleaching operation (for example, if it is preferentially oxidizing sulfur or if 
starved for a given nutrient) by using the probes prepared. Decisions could then 
be made, if possible, to change the conditions to improve the local bacterial 
activity (e.g., add phosphate, etc). 

Metl!odology: 

Detection of proteins synthesized under stress conditions. To study the global regulatory 
responses of T. ferrooxidans, we employed analysis of the proteins synthesized under different 
stressing conditions by means of two-dimensional polyacrylamide gel electrophoresis of both 
non-labeled and radio-labeled bacteria. The chemolithotrophic microorganisms were labeled by 
growing them in the presence of either Na2

14C01 or [nS]methionine. 

Analysis of some specific stress-induced proteins. The localization of ~me of the proteins that 
changed their levels under different conditions was done by preparing outer membrane proteins 
or by ml-labeling in the presence of Iodogen. Identification of some of the proteins was done 
by employing immunological reactions. Some of the proteins of inrerest, were identified by 
microsequencing of their amino-terminal ends. The polypeptides were extracted from Commassie 
Blue stained 2-D gels (one or more spots of the same protein to have around 100 pmoles of each 
species). After rehydration, they were concentrated by running them in an SOS-PAGE. After 
this, tile protein was transfered to a membrane of polyvinylidene difluoride (PVDF) for direct 
automatic Edman microsequenc1.1g. 

Preparation of polyclonal antibodies. Polyclonal antibodies against whole bacterial cells of T. 
ferrooxidans were employed to monitor the microorganisms under different conditions. 
Polyclonal antibodies were also prepareci againsl surface proteins induced by the lack of 
phosphate. 

Reverse ,enetics and expression of some proteins induce<l under different ,rowth conditions. To 
identify some of the genes of interest, whose expression varies during the diffc:rent growth 
conditions, we started to employ reverse genetics. For this, we used the information generated 
from the N-terminal end sequences of the different proteins identified in 2-D gels. From these 
sequences, and the information of codon usage by T. ferrooxidan.r we synthesized the appropriate 
degenerate oligonucleotides. With this oligonucletides we generated the corresponding probes 
to identify and isolate the DNA fragments containing lhe genes in the genomic DNA from T. 
ferrooxidam. 

. 2. 
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Heat shock response. We have previou.o;ly sludic:d the heat shtl\:k response of mesophilic bioleaching microorganism." 
such as Thit>htrdllu:r fermo.titlmu and Leptmrpirillum ferrooxide1ns and also of the lhermophilio; an:hacon Sulf111ohus 
acidorolde1riu:r. We found that all th~ microorganism.o; apparently inducc:d heal shock rroteins. In T. ferrtHJ.tidtrm 
we found that the main proteins inducc:d upon heal shock "Nl::re the equi"lralenls lo £. mli DnaK and GroEL proteins 
(.5, 13). This wa.o; estabiished by immunological analysis (wc:slem hlotl) and hy microsequencing of lht. N-terminal 
end of the corresponding proteins (5). These polypeptides showc:d a great ic.lentily v. ilh the E. '--.,/; chaperones (703 
for GroEL and 80~ with DnaK) and also had an oligomeric structure. GroEL proteins from holh hackria fonlk:c.I 
a 14-mer, wherea.o; £. coli DnaK protein existed partially a'i a dimer and the T. Jerr0f1.ti1/wn DnaK-equivalenl 
showal only a monomeric nature under our experimental conc.litions (5). We also fnunc.1 that the levels of 
phosphorylation of DnaK and GroEL and other prolein.o; greatly varic:d when T. femH1Xitlt111S wi:re suhjectc:d lo h~I 
shock and phosphate starvation. These results support the possihle role of phosphorylation of chaperones in the 
!lell.'iing and regulation of the stres.o; respon.o;e in bacteria (Seeger, M., Osorir.. G. and Jerez, C. A., suhmitteJ) . 

pH stress re5J10n.'ie. We found that a pH shift (J . .5 to 1.5) also dicilc:d a heat shock-like response in T. ferr0t1xi1/am . 
When T. ferr0t1.tidt11u cells grown at pH 1.5 were shifted to pH 3.5, there were several changes in lhe general 
protein synthesis pattern, including a large .stimulation of the synthesis nf a 36,000 mole.:alar weight protein (p36) . 
The apparent low isodectric point of p36, it.s location in the memhrane fraction, and its cross-reaction with anli
OmpC from Strl1111melltr typhi suggested that it may he a porin whose expres. .. ion is re1,"Ulalc:d hy extracellular pH 
(I). 
Phosrhale-starvalion respon.o;e. To cope with phosphate limitation, bacteria such a.s E. mli have evolvc:d complex 
regulatory sy.slem.o; to a.o;similate phosphomu.o; very efficiently. Phosphate regt·lltion is complex, perhaps because 
phosphate is an e.s.o;ential nutrient. In the ca..;e of T. ferrtmxidt1ns, nothing wa.~ k!lown ahoul the proteins that may 
he involved in the phosphate scavenging and uptake mechanism ... We ar.alyuJ the molecular response of T. 
ferrooxidan.r lo phosphate Slarvation. Cultivation of the bacteria in the ah.o;ence of adc.leJ pho!.-phale not only reduced 
their growth rate and capacity to oxidize ferrou.o; iron hut inducc:d a remarkahle filamentation of the cells (7). Two
dimen.o;ional gel electrophoresis revealed a! least 25 proteins whose levels of synthesis were increased upon 
phosphate limilalion, a.o; well a.o; some polypeptides that were exch:.sivdy synthesi1.ed under 1he starving condition 
(6-8). One of the proteins induced hy the lack of phosphate was an acid phosphata.o;e with a pH oplimum of ahout 
3.8, and a M.W. of 26 kOa, which was apparently locatc:d in the periplao;m. The N-terminal end sequence of the 
protein showed some homology with the known !1c:tfUence of Lysnhacter t'lll)7noJ:t'llt'.f alkaline phosphata.o;e anc.1 the 
E.H11erkhia coli alkaline and acic.I (pH 2.5) phosphata.o;e.s (7). The proleir1s induc.:d hy T. ferrnoxidam upon 
phosphate .slarvalion are prohahly part of a phosphate scavenging system utilized hy the micmorganism.s in their 
natural environment, in which soluhle form.o; of phosphorous could be limiting. 
We found that phosphate .starvation of T. frrmn.xidmu increased its capacity to allach lo a .sulfide mineral and to 
elemental !.·ulfur (9). To estahlish if this effect was due lo change." in lhe haclerial .surface components, we analf7.t!d 
lhe maier memhrane proteins and lhe lipopoly!lllccharide (LPS) hy employing SOS-PAGE and Western hlolling with 
anli!lera againsl either whole ci:lls or LI'S from T. ferr1H1xitlmu. Thi: amounl of LPS in the cells slarvi:d for 
phosphate was ahcml 25 ~ higher when compared with control cells. However, only minor difference ... in •he average: 
it;zc: of lhe repeating uni111 of lhe polymer were: seen (9). These results, and lhe fact lhal several ouler memhrane 
prnleins were induced in the phosphate-slarved cells (4) suggesl lhal nol only LPS. hul surface proteins and possihly 
hydrophohit·i1y may play an important role in T. frmm:cidm1.f allachmenl lo minerals (9, 12) . 

Some of these polypeptides could he lraced lo 1he surface of lhl" hacteria (4). One of lhese proteins 1Was 
lhe T. frrmo:cit/1111.r m·ler memhrane prnkin (Omp40), whose level of expression was apparenlly regulated hy lhe 
exfemal pH and the concentration of phosphorus. The amino lerminal .o;equence of Omp40 showed liule identity with 
the E.trhrriclria mli OmpC, OmrF or rhoE porins, hut ii was 38.5 % idcnlical to the outer memhran;: channcl
forming prolt"'in NosA from P.rrudomflllfl.f Mutu·ri, whose cxpres.~ion is also regulaled environmt•ntally (4) . 

Wt• hHVC rrep.m~cl 11nlihod1cs Hgainst whole t•dls 111 T. Jrrrotlfitl~11u, /,. frrroo:citlmu 11ml T. thit1tHitlmu 
to mnnilor !hese Cl"lls under differenl conc.li1i,,ns (2, 3, 11 ). We also prepart"'tl pn!yclonal anlihodics ag11insl !he c•lltt"'r 
mcmhrnne prntl"ins ind11ced under phosphate slarva1i1•n that will he used for immunnOuorescence lo monilor the in 
iiilu .sl1tle of haclC'rial cells in .o;imularecl ind11.,tri11I condilion.o; (Garda, A .• Varela, r. anc.1 Jerez, C. A. "f;vnlulion 

of rhe planklonic and orc·allat·h.-.d populations of hinleaching microorga11isms and dctcnr.inalinn of lhcir in silu 
physiological state". Ahstrad hc1nk, 7th lnkrnlllinnal Symposium on Micruhial Ernlngy. Aug. 27·St·pt I". Sllnlns, 

Rrll7.il, 19<>5) 

·----· -·- -·. ·-------·----------· -----------··· 
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RESULTS (mntinued .•• ) 

r!!~~s in t:lnhal CXJ?O:SSion of 1. f",-rnHJ_tfrftln.f wfk:n gmwn in sulfur_ There is g~l intcrc:st in SluJying the: 
structurc, exrr~iun and n:1,'Ulatiun of the genes involved in the oxidation of ferrous imn anJ sulfur. :since they 
mak1: 7: ferm,uid111u and other hiolc:aching haderia indw.1rially important. Several proteins involved in ferrous ion 
oxidation by T. ferroo:cidt1m an: known, induding rusticyanin, cytochromcs a and c and other proteins. On lhc olher 
hand, the frtllcins involved in s-ulfur oxidalion have not hccn studied in dc:tail and their cellular locali:zation anJ cxad 
rolc:..o; arc still unknown. 

To identity sum: of the gene products involved in thc:..o;c: oxidations, we have initiated the study of the 
changes in glohal gene cxpn:s.o;inn in T. ferrfla.titllllu, when the hactcria is grown on sulfur or iron. A f\!W 
polypc:ptiJcs were exdu..o;ively syntl!csiza.I whc..-n the cells were grown in ferrous iron, and uthc:rs were arpar.:ntly 
synthcsiZl!d only when T. ferr1HJ..ru/1m.r wa.o; grown in sulfur ( 10, 13). 

By microsaiucncing uf th.:i· N-tcrminal ends, and hy s-pa:ific Heme group staining, we have idcntifieJ 
some uf tlk.."'iC proteins._,. cytochrom.:s. In addition, we arc preparing antibodies again.'il some of the bacterial surface 
protcin.s that change their exprcs.sion zccording to the environmental condition.'i. These antihodics will also allow 
u.-. to monitor lhe in situ physiological stale of the hiolcaching microorganisms. This is importanl lo cstahlish, since 
Jue to the chc:mical and hiological lea1.:hing of !>ulfidcs, dcmcntal sulfur is generated which tcnd'i lo coat mineral 
j)llrlicks, interfering with the rroccs.s. 

Work plan and lime schedule (originally cnvi"illg~) 

I. Studies on the synlhesis of diffc:rent slrc:..'i.'i protc:ins. During the'! first 11nd scc•.>nd years the: plan conrc:mplatcJ 
the study of the rcspon.sc or T. /t'rrooxiclwu 10 stressing conditions of temperature:, abrupt pH change:.." (in 
their growth range:, between I .S and J.S) and lack of the cs .. 'ie:ntial nutrient phosphate. 

::!. Char11ctc:ri1..ation or :.;omc strc.o;." proteins. The plan contemplated during the: three years the: characlerizalion 
of outer membrane proteins, peripla.,.mic phosphata~cs and the molecular chaperones DnaK and GroEL 

3. Studic:..o; simulating industrial conditions. StuJic..'i wilh ore.-; wc:re planned during lhe three years to monitor 
the microorganism." i:i conditions similar lo the adual biolc=aching operations. 

4. Isolation of some genc:s of interest. Thc.sc studies were: planned for the second and lhird years, on1.:e 
information on the pmtcin." and their identification was obtained. 

5. Prepara1111n of antjbodies and DNA pro11!;'i.. Antibodic.-. against Jirforc:nt co1 •tX>nen1.; from T. /aro11:cic/111u· 
were rlitnncd for the ~onJ and third years. 

(1. Ilse of anlihodics and ,rrohe' 111 monilor hioleachin\! O(lt'.ralions. These sluJies were plitnncJ al the end or 
lhc: Jlfoy~I. 

. '1 . 
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ProJecr landmarks. duration of lndMdual tasks (use bar chartsJ: evaluation criteria (publications • 
patents. services. training) 

Dates of payments reception 

Activities: 

I. 

2 . 

3. 

Studies on the synthesis of 
different stress proteins. 

Characteri7.ation of some stress 
proteins. 

Preparation of antibodies against 
total bacteria and 

First year Second year Third year 

July 91 Feb 93 Jul 94 

xxxxxxxx xxxxxxxx 

xxxxxxxx xxxxxxxx xxxxxxxxx 

surface components. xxxxxxxx xxxxxxxxx 

4 . Microsegueocing of N-terminal 
ends of different polypeptides 

5. Generation of DNA probes for 
reverse ~enetics 

6. Studies of monitorin1: bacteria 
grown in ores. 

7 . Publications (numbers as 
in the list enclosed). 

xxxxxxxx 

1-5 

xxxxxxxxx xxxxxxxxx 

xxxxxxxxx 

xxxxxxxxx 

6-9 I0-15 

In general, most of the initial objectives planned were developed as expected. The 
characterization of some of the genes coding for proteins induced by the lack of phosphate in 
T.ferrooxidu11s, such as PhoB and PhoR and those apparently involved in preferential oxidation 
of sulfi.tr was initiated at the end of the project and it will be further developed in future research 
pr~jects . 

! 5 ! 
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We initialed collahoralion wilh lhe group of Dr. HOClor Torres from lnslilulo de lnve."!igacionc:s en lni,-enierfa 
GenBica y Biologfa Molecular (INGEBI), Buc:nos Aire.-;, A~lina. 
We have had collahoralive inleraclion wilh Dr. Tomis Vargas, frum Fal.-uhad de Ciencia.~ Ffsica.'i y Makmalicas, 
Universidad de Chile, specially for lhe studies involving ores and mcmitoring of microorganism.'i. 
We collaboratc:d wilh Dr. Ricardo Amils, fmm Universidad Aul,Snoma de Madrid, since lhey \'isilc:d our laboratory 
10 learn lhe 2-D PAGE procedures we employ for lhe bioleaching microorganism~. and we leamc:d pulse fidd gel 

electrophoresis lechnique in Spain. 
We also had exchange with Dr. BOrje Llndslrom, from lhe Universi<y of Umei in Swc:dt!t\ when: we pt!rforrn00 lhe 
first microsequencing of lhe proteins studied. 
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Part.4 

• ·- ____________ _:S::T:.:"-:.:T::E=ME:::::::.:NT:..:....O.:::.F...::EXP=:.::..=E.:..:ND~IT.:...=U.:.:RES:=...:::._ ____________ ~ 

To be filled by ICGEB To be filled by the Affiliated Centre 

Budgets as per original proposal Summuy of t-xpendltures • 

1) Capital equipment US$······················ 1) Capital equipment US$ ...................... 

2) consumables US$ ...................... 2) consumables USS-~-'.?·~-~ ... ~-~---····· 
3) training US$······················ 3) training US$······················ 

4) literature US$ ····················•· 4) literature US$ .. 1.~~~~:?.?. ....... 
5) miscellaneous US$ ..........•.••..••..•• 5) miscdlancous 303.20 

US$······················ 

ITOTAL GRANT us.$ ...................... TOTAL US$.!~:~:?.? ....... 

Please ltemlze the follow4.d bucb!ct cateLorlcs (If applicable) 
Capital equipment 

-Microcenlrifuge US$ 3, 727.43 
-Olympus fluore.'iCence microscope and pholomicrography allachmenls US$ 16,535.42 
-Power irupply and eleclrophoresis chamher USS 2,561.65 
-Lasc:r printer USS 2, 161. 88 
-Gel dryer, UV lransilluminalor, magnetic slirrer and photographic syslem US$ 9,504.05 

Tralrun.! (provide names. duration of tralnlne. host laboratory) 
• a) Carlos A. Jerez allended as Organizer and Convener of the Coloquium ·Molecular Biology and Biochemistry 
of Acidophilic Chemolilholrophs: Applications on Batlerial Leaching of Ore.-.· and lhe additional presenlalion of 
a poster, American Society for Microhiology General Meeting, New Orleans, USA, 26-30 May, 1992. 
h) Presenlalion of a posler hy C. A. Jerez in lhe symposium "Advances in Modem Biolechnology. La Hahana, 
Cuha, 8-12 June, 1992. Bolh ..:vents US$ 3,000 

Presenlalion of parl of the work done in lhe pn~jecl hy Carlos A. Jerez in: 
lnlemalional BiohydromelallJrgy Symposium, Jackson Hole, Wyoming, U.S.A., Augusl 22-25, 1993. 
USS 2,646.60. 71h lnlemalional Congress of Bacteriology and Applied M krnhiology, Prague, Czech Repuhlic, July 
J-8, 1'>94. Partial financing of USS 600 

Uteraturc. 

·Geomicrohiology Journal, Special issue: Geomicrohial Agenls and Processes for Bioleaching Metal Sulfide Ores. 
·Ausuhel el al., Shor! Protocols in Molecular Biology, 1992, Joh" Wiley & Sons, Inc . 
·Charackliss and Marshall, Riofilms, 1990, John Wiley & Sons, Inc. 
-Rergey's Manual of Delermina1i11e Bacleriology, 1994, Williams and Wilkins . 
-Walson el al. Recomhinanl DNA, 1992. W. U. Freeman and Company and olher src:ciali1.cd 1cxrs . 
-Suhscriplion lo Molecular Microhiology, Aprlied and Environmental M icrohiology 11nd olhcr Sf'<'.Ciali1.ed journak 

•Plea~.-: !J'!JJ!l.! :ow-nrl lnvolcri;. rf'CC".lpls clc.; these should be kepi by lhe Affillaled Crnlrc (or fulurr rdrrcnce and ~nt 
to ICGEB .w.x>..n1~m1.~.'.'J . 

., 7 . 
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UNI DO STATEMENT OF ACCOUNTS DATE:AUGUST 251~ 

CONTRACT : N° 91 I C-49 

lNSTITUTION : U?IlV~!DAD DE C-r!ILE 

PF..CYECT Ti:TL~ STUC'!ES OF THE STE~~ ?.ESPO~iS~ !N E:mJ.INeIG ! . .{:~:;o~.:~~...;.'l!S!.!S_ 

POS~IELE !MPLlCATIONS IN THE I!.fPF!O'IE},..8:T '2! T:...:E E:CLE..~_.:::~IN·~ 
PROCESS_ 

---_.-_.:-._· - .: _-:.. :. =---:~- ·_ .. 

! NC 0 ME : U.S.$_ !0.'.:-00.CO 

• 

. - .. - -. . ...,,, .. . . - . -

-- --···--. -. __ -· _.-.. :..-- .-:...,!. ___ • ~ .... 

·:; ,_·:::. s. ···i ·_·:. $ . :~l ·_:.~. :.. 

;. . : 

- . : r: 

{.l 7 \ 1 :J. t~:itJ. ~;'.J .-~ 9'J'). s 1 (J. !~~ 

POOll QUAUTY 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

.·:=~~~~ ••·::-· ... ~· .. 
···--.:· .. -....:::!\ ····;;.·.:: ••••••••• ····.r • ••• 

K•ullfti 

' .. Ve certdy lhat the above e~pendimres u.-ere emFlc;)yed to supporl the re~arch planned in 

c:-aDO Contract N° 91/049. in agreement u·1th i;~IDO guidelines and the allowed items 

Dr. C_·\.rtLOS :EREZ 
Proyect leader . 

,, 
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CONICYT 

UNI DO 

CONTRACT 

STATD!ENT !YF ACC'JUNTS !'ATE : JUNE 16 199~ 

: NI 91 / 049 

: UNIVERSIDAD DE CHILE INSTITUTION 

PROYECT TITLE : STUDIES OF THE STRESS RESPONSE IN BIOHI.VING HICROORGANISHS. 
POSSIBLE JHPLICATIONS IH THE IHPROVEHEHT OF 1HE BIOLEACHINC PROCESS . 

PROYECTS LEADER : DR. CARLOS A. JEREZ 

REPORT FOR THE PERIOD STARTING : FEBRUARY ~S 1993 

INC 0 HE : U.S.$. 35.000,00 

UNIDO FUNDS RECEIVED ( DATE J : FEBRUARY 16 1'1'13 
INTEREST EARNED : 0 

TOTAL INCOME: U.S.$. 35,000,00 

EXPENDITURE 

II IT EH 
II 

( I 

Sff.ALL EQUIPEHENT 
I Hicroscopio 
II G3stos de Aduana 

I CONSUHAElES C. CHEMICALS 
Che:1licals 
Hiscellaneous 

I EDUCATION & TRAINING 
(tra~el and per djem) 

I Airplane Tickets 
j Stay Expenses 

I 
I LI TE.'?A TURE 

ii Books 

I OTH£.? £.f P£NSES 
; !nscrip. Sy::!posiu::i 

I 

I 

ALLOCATED I RECEIVED 
IN US.$. I!I US.$ • 

14 • 000. Cl() 14.000,{)rJ 

13.000,1)0 13.000,00 

4.000,!YJ I 4.C00,00 

i. ,;oo, co J. 000, (JC) 

3. 001), ()'.) J.000,00 

I 

EliDING : F£BRUA~f 25 1994 . 

E.!FENIJITUP.E 
I!I US.$. 

16.635,42 
12.512,00 

4.123,42 

13.401,55 
6.587,23 . 
6.814,32 I 
3.246,60 

. , 

1.521,00 
1. 725, 6() . 

669,65 
669,65 

1.046,43 I 
1.046.43 I 

!TEH EALA!:CF 
EP.'J!IGHT F:o!IJ. 

(2.635,42) 

(401,55) 

753,40 

JJ0,35 

1. 953, 57 

li--~~~~~~~.~~--;-~~--~~--~~--~~--4~~~·~~~...__-~~~---

I 1 TOTAL 35. OQO, Ot.1 J s . c:oa, ~,o _74.999,65 11 •. ~ _,.::> 
I 
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••• ·;; 
_".UNIVERSIDAD DE CHILE - FACULTAD DE MEDICINA - DIVISION DE CIENCIAS MEDICAS NORTE 

:~ DEPARTAHENTO DE BIOQUIMICA 

• • • • • • • 

OEVEWEMENI' ORGANIZATICN 

Direcci6n Postal: 
Casilla 10086 

Santiago - ? CHILE 

UNIOO CCNI'RACT NO 91/049 
REFERE?-CE Nfl CRP/01190-01) 

~ INHCIAL STATEMENI' 

FO£• mE PERIOD 07 /91 'IO 07/92 

NN-tE OF PRINCIPAL INVESTIGATOR: CARWS JEREZ GUEVARA. 

INSTI'IUrICN: UNIVEg)ILW> DE OHLE 

PROJF.Cl' TITLE: Studies of the stress response in bianining microorganisns. 
Possible implications in the :improvanent of the bioleaching process. 

NDJN1' RF.cEIVED FOR PERIOD 07/91 'ID 07/92 ------- US$ 35.000.-

BUDGET CATECDRY 

SMALL FOJIEMENI' 18.000.-

CXJllStMABLES & OIEMlqJS 10.000.-

mx:ATIOO & TRAINING· 3.000.-

LITERA'IURE 1.000.-

O'IHER EX~SES 3.000.-

rorAL EXPENDI'llJRES 35 • 000. -

r I 

FINANCIAL OFFICER: FERNANOO NAVAS M. (Signature) 

. ··: .. , .,' 'n ... I 

mTE: 10/05/92 ·Pfit.m: 7370081/5213 

.· 




