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REQUEST FOR ADVANCE 
Of FUNDS 

PURPOSE 

NO. 

G-
Advance to MKULTRA Subproject >/l l.33 .. invoice fl 3 for act:l.v1t;~ app1·ovcd by C/TSD on 2? July 1963. AccoiJn\.in.:, 
'for 1:;bia advance will be in nccordanc? wi t."1. attach~:JCnt,! of r«t'1....""RA F:tsco.l J\nlle:<. 
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~ REQUEST FOR ADVANCE 
NA~.f'll r ~ 

OF FUNDS · 
~I ·--- I u ""!'!4 PURPvo;t.., 

To . · Cor iunding MKU LTRA Subproject 133 Invoice l-2 which activity was approved 
by C/TSD on 2!5 July 1962!. Acco~nting to be in "aCCordance with the Fiscal Annex Attachment 
c. 
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C\f FiJ~J.S; 
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I CEtTIFY THAT FUNDS AP£ AVAitABli: 
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--------~~---. ~ --0~-~-~-

Adi"ilOR•ZlNG OffiCi<{ 



I 
! 
I 

i 
' "i 
t 
i 
l 
i 

VIA a_ TSD78udget _Q#!c~ ... 

SUBJEC T ____ LMKULT~u.- s-uoprofe~r U3, mvote•· 11· 
Allotmeat W5•1390·390.2 

I.' Javotco No •. t.COTennj]~~-~~project.lt~tt~~·4.~ 
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STATION 40•42 45•4 
se·67 68~-70 1 71·80 DESCRIPTIDN•ALL OTHE:R ACCOUNTS 13•33 :U•39 ~ ~3' 1 ll7•S2 
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October 12,1964 
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. · . •,·\·"'-

We tr~st that the:...tePort Is .sufflcie~T1y-aetil1ed foi · 
y~r purposes;--,----:--_,-<·~ -.- -_-_---

Please ad~lse~haf..::cihpe>Sitroo s~ld be--made of .the_·-~~~
unexpended_ba 1ance-of $307.88 • 

•. ~.-~ 
enclosure 
c.c. 

•. 
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Tot a I 'Expenses 

Total Direct Costs 

lndl rect Cost - 141 of_ 01 rect CosC $992-.69 _____ $1,180~or"---- ·- $2 172.71 -.. - -
.. --·--·--~-

.,_ 

Funds Provided $9,ooo.oo ______ $9,oOO;oo-. ---~-- $18~ooo~oo · --

(Overexpended) Underexpended $307.88 
·' 
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12 October 1964 

The ou.r_rent b8lanoe on sccount 440~11•·1e:_$30?;88. Thte 
l'U!U wlll oe-use4._tor -psym~nt_ t;)t p1lbl1<H\t1o~-=:coets.=-.i>.l'_j~.~--~~pel':::--==--=~~_::-
1n sco~:O!·tlC-GEOt;OGt~~occ tne·remalnd.t-r ror•· :tne_p,lr~o.~~ et• or 
expe!ldable_l~b',)rat9rY 1ttm-e: -- - -- ---. ; . 

. Thank -y_~rtor-pe.rl!11t~1ng this ~-e~tension. ~· ., ....... 

co ReeeArOh D1Y.1s1ori 
Comptroller ____ ~~~~~~--~~---

: ' ·-.. ~·.- . ·. . _. . ~";. 
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We trust th&Lthe rep()rt I i sufflci ently-GitiTied _for~----- -+--
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Please a.dvhe:...wtwu diSP<>IHioi( S]\()Uld=_be_cnade oLthe ---- ' 
unexpen~ed bi lance_o_L$l0l~M.··-·--···~ ___ - · 

.. 

l. 

~f ~-
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Assoc.Professor ~~---~-~ $1,743~11 - $1,9SS.l6 $),70).27 
Lab• AssIstant-~- _:- ~ __ 3;9~_~71_ _ _:_~~- _ ~~•362.60 8,)21.)1 
Lab. T~hnrclan~_:_ ~ __ - - --- 8~-00---- -~ 8~00 

Total Salaries ________ Js.706.83 -'Jl~11S:7l _· $h,88~Sf" 

~ 11 e s &. Exeens es ---------- --,:______.____-----:-----_ ----=---=--=-=---o-=--..===----=-=-

@< I-"~-
Photographic Service 
lnsti tute Stores 
Te 1 ephone Expe-nse · : 
Central Ouplicatt~g 

Xerox Service 
Total 

Tota 1 Direct Costs ' 

Indirect Cost • 14% of Direct Cost 

Funds Provided 

(Over expended) U~rexpended ~ 

$15,519.40 

. $ J J 180~01_ __ ~----------_··_$2 ,172.12 

$9,·~~0()-=:=-=-!9~?Jf·~ _$~-~~~:-~-~--~---
-- $916.68 · (f60e,~or .- -- - uo1 .ss-

CJIIiJI•t•··-~ -
; 0 Bf; 6/VGA/ 

I certify U:at se:;.'-,;:ir.=·-, ,,.. "::1•<-'21:; hc:so 1:0~11 
~~tj_st-~ctorily r~(-_P., '-~~-·"1 · .. " 1 ~H··. r:<~):)ndltu:~:es 

v .. -o: .. u i~1cur~:r~J. en off l n i ., l 
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PROJECT CRYPTO- .. . 

PRINCIPAL INVESTIGATOR---: 

DATE RENEwED~~--------~~~~~ 

I - ~• 
~ . t-

During:..:.!he c9ncentrated his--
efforts on. th 1 microbiaL actiotf .. on:~- _ -
mineral sulfides--a:n::d.Jnaug~l1€ts;e __ IlQc::iJ!l~-~:~~--- _ 

Bac ter iaL.-d issol u t-ion_ <Jf -_ J\82~3_!_ .F_~S2Fe!osa_1 ~ and,_~Cu2f>~~2§5- _ 
was demonstrated-:_=::;:.Tne_en_a __ Qroducts ·wore shpwn to- be_ arseni t~, _ 
arsenate, Fe-tt,~Fe'ftr, and-Cu"fl'"; with t~fate. of_the_:_sulfur_s_:U_l_l~--
undetermined~=-,-c~~~- -~~~----~~=~~~ ---- -

Studies~-cus_2 indicated that Tniobacillus sp. _\\'e_~~~~~~~2!}!-=c.c=~-
to solubilize=t:n:is __ mineral 1n- pure_ culture-:-! They_f.Q.Unsl tbJ.~._t eli.§._--_--__ _ 
solution of-::tliisniiheral. un<:ter na::_tural c-on-d,i tions necessitated 
the presence- or protozoa and fufigi.- These 9rganisms~w_ere Jll_l-_ ~--- _ _ 
active under=conditions ·of coppe~- concentra_tion _whiCh~W.ou19 Ji9r.--_-_- _ ~-::-
mally be lethal-.--- -- -- -------------

Sampl ine-~-···e B-
the Atlantic _Ocean_ 
studied to· determine _the_ natu.re r_ans_for--~~---

mat ions. A~P.r.eri_ru n:ttY scliemef6Y-tnis act_iv:tty-was::::de_ternt_in~_cL_:_·__ -
to be a non~biological~dl--s-mtltatlon -Mn'ff' and ,MnOa. fi>tining MtW'fT·. 
This latter~ ion~m.ust be-stabiliz-ed and it~iJ3 -liKely _ _1"tla!_organic 
by-products.:.:.of:::..bac.ter_ial_~mltt_ab.QlJ.§m_ pJay_:th_is~role .---_ ----- - _--

~-has furnished three cuitui~~es with interesting 
char~for ap{>lication to the power" source-:-st_udies=~------
under MKULTR_A_#_7_8. - -----

During-the present year methods fot·•-mass culture of min-
eral oxidizers=.haY.e=boen- dffv_el9~ped which ~vlill'".:"fut·nish_c_ell __ __ 
material for-enzymatic and resting cell stU.dies. ~Continued 
work on manganese.::_transforma.ti_Ons is __ emph~tsizing-environ men
tal effects. __ 

•" '•J ,• .• 
·"' \. ~ . . 

\. . . ' 

KULTRA 
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f{Z\'ISED 

Dat-: 5 September 196_~3-~-

Category NEVl !II.ATERIALS & ~CO:\CEPTS"'--- ( X ) 
(formerly IVc) 

Microbial transfor-·---~~~~-~~~
Project Title __ ~_ations of Minerals __ Item.Cltii$.;>_i_fi~§.tion 

Project Crypto____!.!~lTLTRA 1 . .:..3~3~-~ _ Crypto _Classification___ 

Contractor _____ -~--,_..,• 

Cost-~~ $9, 36_0 ·OJ)_·--"--""'"_ Cornpl~tiQn Date·-~~~ 

d--

Unclassified 

Purpose: 'l'o provide the services of ___ a~.::: to support re-
search o:-. funda.mental_ra.ocllf .. :"li?;a;:-;_ of mincr3.l transi'orm=t Lion 
fy microorg:misms.~-LL_r.d9i_i;_~QJl~iQ the diN:ct potential :for 
new energy sou:rce system$, j:he contl~::wt may provich.-:- by
products.~seful for material 'eterioration application. 

St<r~us: Cur1·ent and satisfactory. 

Requirement: Internally genel~ated in support of tl;o :t.'CC)Uiro:,::~)l1 t.s to 
seek new and better source;s of energy :fo:~.~ b::..~~cry ::..pplic::..;.i~l:). 

l 



. ~.') 
.• . I'.) . _,~/ 

RECEI~T __________ __ 
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OF FUNDS 

PURPOSE 

VOUCHER NO, 

· · ~er: t ir1s ~ .. 
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, .• 

DATE 

·FORiil 
;s-so 

:fvr \bi" c.·:.l·..rencl'! "Wll.l t..~ ::.n l!l.•ZCO:i.·J.o.ncc with e.1. :tt.d.~.k~r~::. ;, -o::: :t.Kt::.Si\11. I-'1s~el 1\ml~·:<. 
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Bran~h.....__~B ..... R...__ __ _ Category _ NeY MaWr1als_LCQ ... rr""'ce"'-~pi!!WtU!s'-+-' ____ • _------.. __ ( X _ ) 

' Mlcrobtal_:_tre.nsf9rtllat1~na 
Projed Titl~ M1nera].a_~~----,- ItenrClassification · _ - Unclassified (Reports)' 

---

. Proj~t Crypto l«1lJ..t:r&' #13.3 ____ •. u----- Cijpto~~la~itlcatiorf -;UnclasSified 
- ·_.. 

r 

Branch Proj~t No~~-'-·..:K:.:.:;:.::A:.:.•...,....~........,==-'Pr~oj~t Engineer --. ---~-___ ,_______. 

:-
• '• " ~- """" ' • ; ~ ••• """ . c 

Contra~ tor ____ _ ~ . -""' . ~ :··· ... . ~~ ~ 

TYPe of Contract_MKULTRA- --- -
t_ 

Cost 

- .. ··CL_ -
~: To provlcletlie services or-~ e.nd to auppQJ"t_"se~ch~n_::

fundemertt&Lmecbantims or ~srormat1qn::'by_lidc-:i§_o~i~isms. ~~~
In addi t.ioa t<>tbe direct -~t~ntial for nev enerQ. S()urce- sys-tems;---
the contraotJMY prQyide by~prOduo-ta \iaetul-for ma.terie:i d.eterforattoti 
application. _ -- -- -- - -

Status: · Current and_:_a.A~_htactory! ___ -_ -----------:---

REQUIREM!ln' SOORCBF= lntern&llY_g~nere.ted in support of-the requirements to 
aeek MY &M:bette-r--eoureee otenergy toroe.tttry application. 

-. -_ 
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MEMORANDUM FOR --: - TBE- RECORD 

DRAF'l' ~---_ -----.. ---

29_July 1963-_-

tbemselves-=-to new_ and untque-approaches to energy :production and trans-_ _ __ 

formation (bio•batteries). His studies on'\5asiomechan:t.ems_ of J111neral 

transformations also-:providenev-potential=patha for_de.t.er_i.Or._...a.._..t=io_.._.n~"=r_-____ _ 

__ _ Viii- fuiiction as ••·-8 _-
~and >Wifil~Q.~x-Ing tM.~ fiscal year.- The cost o~ this program. for one 

'I".Z will b,~$9>000. = to.- 'oihi.ch mu~ -added -~3~r)() Wh1cb rep.-,s_enta a 

~ service=cbarg~_:::,__to=-=bEr:::r~~ill~d_}y ~~ JI.U · Tile J;o~l __ c_os_~_of the __ 

program vill-:-not--exceed- $9; 36o;oo~--cwges should_be_mad_e_aga.inst_l._l_l()t- -

4. I'Cis-not andci~ted that perms:nent equipment other tban-tbat 

listed in the budget v1lrbe>:equtred ~o~xram. Title _t<>_thJl :-_ 

eq\lipment listed_Yill__12_e_reta.ine_d. 'l>_l tl'l_~-- _ _. in lieu of higher over-

head rates• 
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5- COunting !O~ t!&Ve.! e~n$es::_ilb1~~!.~-~cl"ec·~~·~ 

im'bursable ll_contorm to the 

accepted practice~or-that organization.· ~-- · . 

6. ~ has~e:-:;i;e.t"~d.-~()~~LY and; is_unilU.t_ing ~~~!!]. 
remain unilitt.ing_or_-_.tn~t~~~~~r~~!'-=-t'l:l_~s~n~or.~--;_~- --~~- ---~· .. 

Attachment:--·- ,- -
Proposal-:===~~ 

Distribution: 
Original:ooly: 
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PURPOSE OF STUOY 

This proposal is a request for renewal for the perio~ l.SepteJnber .!963~ -

31 August 1964 of tbe, grant-in•aid p_resently suppotting reuareh 

~The fieJd~of_inv~Uh!ti()~_eovore~bythe pres~tl!_ant,js_~o-bro~d and 
. t 

relatively unexplored_that_s_eve~l additi_~~a_! re_ars_ (Jf res~arch can b~'}:ll'ofiubly --

spent in unraveling the P!'Oblem.- 11\e resunsof tho research--carry increasing stg .. 
- ----- -- -- - - ---- --- __.:: -- _-_- -- -- - -

nificance no~ alone· academicallybut also practicall)'las-itrpublic health, conset· 

vation of mineral resourcos-,mine-ral exploration, and minefalextracti()n. In ·P:ublic 

health, these investigatiolfs are providing c:tues to-tne--possibl~ ·origlf'[_i!!c!_~~~~-r_o~ 

of acid ferruginous, and/or acid-cupriferous, and/or acid arsenlcal~stream pQ}!O• __ 

tion, deriving fro~ bacterial aetionon-nato.ral-mirteral deposits in certai_n_ ge~·· 

graphical locations' .~tlith.co~tinuod population increase,- malntenaneeof-e.n-_-:-wa._ter _ 

resources in a condition_fitfor human consumption-becomes, more and II!Q_re J~npottant, 

The work is also p~ovhUng addiUon~l clues ~t_o th~ understanding~of J!langa.nese bio;;-- -

chemistry in publi~ water suppU~_s, wheremanpn-ese-together_with_i.rQ.n c_an c_a_\.lse----
~=-"'-----~---~-· --- ... -

discoloration of water_an~ water containers,·and wheremangan_~~~and iron-ate-de .. . ---- -' -------- ---- ---

posited biologicallyin water mains--and pipes. - Inthe ar~a-oEco_nl~tvati_on of 

mineral resources,: the work under. provides a b~sis for assessing an~-cc>n_..

trolling any relatlve:..insta..bUUy of· Dliileral deposits in ~elation to microbes. It 

seems evident that un_coiU.rolled bacterial leaching could ~onceivablylcad to de-
! 

pletion and eventual tompletetran_sl_o_qat!_~n_ of some deposits,-- Iruninet:al ~~:;;nlora-

tion, this work indicatos_tl'\e.:t.spociall_l'_oU[s of microor!a.nisms known to be able_to 

livo at the expense-of a-specifi~~mill_e!!~_JJiaY be-of great· assistan~~ Jn discov~ti!'lg 

uw sites of mincu:aLdep~Hs __ ._ Finally, __ this work lends additional suppottto the 

practice of using microbes in lltineral_e_xtraction•--------

([_-
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SUM-tARY OF WORK ACCOMPLI 

(a) Microbia l-Action__on___Mineral Sulfides - ~ .. 

Quantitaiive studie-s~on the action of the ~obacillus-Ferrobadllus ____ ----

gl"Oup o£ bacteria on-the_ minerals ol'l'_lmont~{~2~3t~-~!rsenopyrita_(FeS2Fe;A:S 2)~- and - -=--=----=
enargite (3Cu

2
SAs

2
S
5
), were initiated;-- The bacteru-a-c.hie\;ed sianificanrsolubili· 

zation of orpiment,: releasing J~rsei\.!~-J~- a_!s_e~ite as\~ -~~s~l}ate •. _Oxidilion _of_ the_---

sulfur portion of orpiment-is~-ptob)bTel l)ut remains-to ~e oxperimentally verified;-------~

Some spontaneous, nonbiolog~~al_o)(_i~a_t~()n_~ __ ()rp!!nen!_Q_ce\l~fed 1 b(lt it--was only 

about one-third as extensiVe as With-bacteria. '1'1\eChe-mHtry-of bacterial oxidation 

of orpiment appears to_differ-si~ifiea.ntlyfl'oin-nonoiolog_ical~oxidatiol\ as~rd_le_ct-_ __ 

ed by pH changes during:the pro~esses. WiUl tiacteria tll_e pH-:-te1Lfroll[_3~s--=tcL2-;o=-=--:-~---_ 

in thirty-five days~::_~u_t_l(!tJle>ut b_a_~~~r!a__~t jose_ from 3,5 fto s;o-in that time, The ______ _ 

precise chemical me~aniSnt.:.oLorpimen.LoxidaUol\ ·remains to beu_worked o\it-;----~~- _ 

Quantitatlve_wot~nLba~t~ri~r=~~i~ation of arsenopyrite showed-release-

of iron, arsenic, and_prDbably S\llf'u'F-,-~_f'_ro_m __ th_e_lll_iif~!a_l~--_:_ Most of the.::-annl)'J.e(~iiC_-c 

this study were carriedout_b_y_an:imdergtaduate student for his.:::senior-.:::.thesis, __ The_..:::::-::..=--,--: 
'•' 

results have shown that,- contrary to-a.-sustained release of.::-solubl~Larsentc-:::.fn"ili1 _____ _ 

orpiment by bacteria.-:-91\lY_~Jlmifed ·amoUJ'lt- of solulHc arsenic_was_:_released_by=~li~Jil_:~-cc=~== 

from arsenopyrite, : Th1s.happened]_n~J)it~ .9J-~p_!O_!l£unce_!, nlease:...oLiton~_:_::_The_-_:_:::__-:::-:::~------

reason for limited release of~soluolo-arsenicl>y _ba~terta from arsenopyrite is the 

precipitation of iron.::aneni tes_-a:nd_arsenates_after a-ttltical.:::.concentr_~tion__Q_f-==.-:___:_:__ __ --__ 

soluble iron and anenite_and_arscnate_hu_h.e~n_t..e.e.~.h~dL__Although some oxidation 

of arsenopyrite occurred in the-.abs-ent-eof bacteria,-its extent was less and its 

chemistry different. because iron arsenates and arsenites were-not precipitated 

without bacteria, ~d ·the pH_o_f-t)19_D\~~!~niAropped from~3-~s-=-to-2;S-in thitty•six 

days with bacteria and rosc~from_:_l,S.:::-to.::.4;o_:::_in_that_Ume_without bacteria, _ 

--------------------------------------~~------~~---------
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The extensive repredpitation_of iron=and arsenic through '))o.cterial 4Ction bas 

direct implications with_respect_ to p_Q_S_$il>l_e__tr_M.sj_oca!_io!l: of the constituents of 

arsenopyrites in n~ture. __ 'fhe _b.~ctO:ri.a1:-phen6menon also po,ses a P!oblem ·when- arsenic 

and iron are to be extracted_togethOr from a natural mineral--deposit. 

Quantit~iive_worlcon-_b.a_c_t_e_riiJ-oij.dation._of __ e_l\S;rgite has given-results ____ _ 

resembling those w~th.__al'~.OPY!.ite; ..}.!th()~g~tl\.e_!>_a~t~ri~ are_evidently~a~~ing on. 

the mineral, a sustained_solubili:ZaU_o.n_Qf th~ -~~9~~t-~a.rsenic i~~o~ nQt;~d' -=~=- ~~=---=-~~ 

Indeed, in the presenc~.=o_f.=-bacteria-thedissolved arsenic ,conccntratto.J'\..Ji.J'9PS after. 

an. initial rise' In_ the_ al>sence_()f-bncteti~_jh_E)_ ar~en!c _<;oncentration risers ligb!..,_ un 

ly but continually~ .:c:Jt _is-not clear· from-the-results so ~41F.whaCthe fate.of~tlf~~---~----
.. 

arsenic or copper h:-a!ter:_tiat;.tJU'.id..::~_c_tion ~ca~~-~~ re9ognhablepredpitate was 
~~~~-

formed. Contaminating-t~n. is_._released_ extehsivelyby ba¢teria_fr:9.nf~the mineral ~bu~t~~ 

not without the•. :Tlie_~elea~e~~lr_o.n~ppears to remain in:the-ferrous-ita~e.-The 

pH changes are fl'Oilel~':to_2~S whb~J>S"ctt)_ria,. ~d fiom-3.~-::.:.to_~.s- wit.ho_ut b~_c_t_er_h .• _ 

in thirty-six days. __ A_-precise- desc~ip~ion oftho-cnemical ch-ang~s~~t.h_at _enargite

undergoes remains to_b_e..::worked OJ.l_t ·~~~~~~-

Growth on:::..cup_r_o_us-su_j.fidEf bt:J:h"'- Tniobacillus-Fertobacillu$ group_, J.~~~= =-~--=~-
------------- -- --

vestigated chiefly by--ICgraduate student,_ ~is_~_!}\<:n~_il'l_~ vll~iable -rtrsp~nse_s __ ~n AiJff!rcnt 

synthetic preparations~Bactedln enrid\roont culturos-do:rived frolll several Illin_e __ 

effluents during the p~s_! yea!'_hJl.'t'~1.J1.9~gy~·~· .. _ gi v!_n mote ,cons is tent -gr9wt}l_ responses 

on these preparations,:-:~ Tlf~ pos~iblli ty arises t)\at _ conshtent action on cuprous 

sulfide requires the particlpati_on_ ofln~!e_~!'an__oneorg~lsm. ::~Irftbh c_<m_n:e_~ti_Qn 1 __ 

tht principal investisator found prgtQZOa and fungi accompanyinog-:-the ThiobacillUS• 

Ferrobacillus gTOup g.Jl>lctoria in min~x~t~ecl' ff(>)n'~ The proto

zoa includ~d on ai.Doeba_and_a_ f[agel[a_iEII:-~icJj""appoare~ ~o grow tlt _the C:Xl':ellse of 

the bacteria and fungi;-'The-amoeba wero observed to ingest such org-anism.s,--
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Both kinds of prototoa-ue-\DlusuErl-in their tolerance of 800 ppm copper and 1,1pWB!ds ________ _ 

of 2000 ppm iron. Ordinarily_thesa_metal_contentrations would be expected to be 

lethal. The flagellate has been repea_te~!Y sut?_~uHur~~-JiCJUl iron~salts_mediwa:_in_ _____ · __ 

mixed culture with ~h~~Thiobadllus .. £errob-acilltiS__gr6up-6f bacteria, _____ _ 

(b) Manganese Nodules--

1962, as gu::i:: :::u=n the Ai"nmocean ;;:~~:~;.:0:dm:;;::.r .. >' ~ • • ' < • < I ·~:. ,• I'< > J o L :·-._ 

ous samples end twenty-tour ___ to-res...:of bottom deposits were taken-. -About two-thirds 

of the manganiterou~- samp!eLhave no~beeJ't-=!~steJ!_f@,:QleJl' bacterin I content and 

for the ability of these bacteritLin::aidi~g-~g~~-s~-~d~~~ion--:to the _re.sp~c!_lve~_--_-______ ,-

samples, as previously:-described by Most of these samples were also ana• -

lyzcd for total irol') and manganese conte_n~. The resultsshowe-d-~that tKe-vatiotis~~~-----

mangani ferous samples were_by--no_ means_ a I Uo. __ I.DJome __ c~s~s_:_thi s_was=-oo.Y.iouLby______ _ __ -~ 

visual inspection. In-other..::.cas.es, however, the differences were--no-t macroscopically _ _:_ 

apparent. Instead, . tho iron;;.mang-anose ('.Ontent, or the bacteriaL content, or the Mn 

adsorptive power of the=sa:mples~-u$li_g~d----d_iffcrences, ___ Res_I.Jlts__of _experimclft:S;-de~ 

signed to test for the en~-ancenient of Mn adsorption by lft.ange.niferous material with 

the help of the native-ba~tel'ial..:flora, could be di\tided-lnto four majorcategories. 

In one, bacterial enhancement_of~~fri_adsorption~].c;gi_Ir~d_=-wi_th or without prior 

surface-sterilization.--In a-second, it-occurred only with surface sterilization, __ ~~~C.~-~-

and in a third only.without it, Jnafourt~bacterfalen11ancement of Mri ·adsorption 

was not noted under either condition.- Since not all b-acteria _from_Mn_nodules_can __ 

enhance Mn adsorption,- inclusion of surface-steri 1i zation in- the procedure cattsts _ 

selection of different.types of-_o-rgaiiism-s::-froin=th~_nodule.:flora_than omission of __ 

surface-sterilization.·~ However,-the full explanation (or-t.he variability of bacte. 

rial enhancement of Mn adsorption is more complicated than that, l~ith anumber-·o£ 



s_____ _ ___ ~ 

' ( 
samples it was noted_that_Mn uptake by __ l!l8fi1fan_i(e~r~trs-~mateTiaLl'ttslllted in a net loss __ _ 

of manganese from theadsorber.-- The reaction accounting for-this Jlhenomenon-is the 
----

result of a dismutatio1LbJltween Mn2+ and Mno2--_~~wiU bo_,discussed futt_M_r_below~ 

This reaction was exhibited by a~ctu~ __ <m-!·siJSth-~of tho_~samples_tested_and_shO_W~ _ _t_bl't _______ _ 

the properties of these samples_ar'-f~different-from thtf rest. ~ u-e-an therefore be 

concluded that chemcal and ph}'sieat properties of manga.niferou-a:Qieterhlj=_help to ~ 

determine the effe¢tiveness_:l>f_l>~cteria _i_n__e_n_h_af\cing t1J\ ad;Sorpti6n~-=:=11£i'~J)\''J"iS!_n~~~ 

all but one of the· samples__::o!-=the~J~_6J~~~~U«t~tJ(It\ CCe.lll! fro11\ extinct submarine voles· 

noes (sea mounts), and dnce:-.quite a few--of thesesfnnples b~haxe~__different_ly_from __ 

earlier sarrples frbm-::-other s_Qurces-.it- Hj)ostulated that .geogrepb!c~loeation of 

manganiferous samples_ Di8y-a_(f_~1-their ~elniC:tll._ phySical! and biologi~oal_ prop~r_t!~s_. 

A clue to~the nature __ of_n~mJ>j_oJ~g~al f.b1_l'~!~~e-from-manganife-fou~s~~ 

samples is provided _by~an=-cexporim~n!-~!£~-_:-show~~~~~rs-~~Jtion_r~a_ction-botween Mn 2.+ 

and t.b02 forming Mn~i~-les adsorb Mn2+, on the ~ol;ldition_tbat __ MD~~ JL _______ _ 

stabilized so as to-prevent tt-f~~m-undergQiflg~ev~rs~~roaction.~_Pyrophosp~at~----

was found to be an effective-Stabilizer. Since p~l"_op_~o~p]late_~oeS_ no_t _o_c~ur_~~J'l a_::__::__~-_:-~~_-_-::-~ 

marine envlronment 1 pl'O_~~_!~-~ ~~_r[o-:_a~i_d~!DaY_ ~erve i~s!ead·as~.~stabilizQrs. ~Nodule-~--~~~~·~~

breakdown un th1Js' be_accompli~~=ecd_b_i()_l()!!i_~i!ll_r~~!tl\ __ sugar~as cthe reducing agent of -

Mn02, 2 or nonbiological}}'__!)_t_~_~ismf,tat!on_l'eaction ~otwotn- Mn2~ e.nd MnOi_; __ l'lhY _th_~ 

latter reaction oec.urs~wi tl\_:-only __ so~_nodu_le$ ,_~yen thQugh--:&1 l::he.~_lfllO 
2 

_;w_u4s_()tll ___ _ 

)rb2+, remains to be explained; 

The abilityo£-Arthrobactor to aid in Mna~i~ion-to nodular-substance 

was shown in pure culture __ expQl'hnents, From~sii!lil_ar tests it-coQld be concluded ~ 

that Vibrio can similarly aid in t>tn eddiUon~ but-not Achromobactcr. All three_ 

organisms have be~-found innodules-.--- Arthrobacter, at h.igh-peptone-concentratio:ns • 

causes clumping and heaping of nodular-material; not so at low peptone c:oncentra• 

tions. A similar phenomenon has betn notod in soil • The clumping and heaping 
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seems to reduce surface_a:r_ea, and-therefore slows adsotptioo of Mn~ -

Initial 'xperimenn hav~ _r.evealed that Arthfobacter can ai_:_~Jn =MiJ=r.d~~----.-= __ _ 

sorption by "synthetic~fni12-~--However, the adsorption and .1ncorpOJ'ati,on p_!_O_~~~_s_o_!__ -_ __ ~c_· 

Mn2+ is not permanent,-n\e prevJQudycitM-disfifutation reaction_seema:_to_~a.me in_t_o ___ _; 

play eventually, probably when thE~ b-acte:ria. become physiologically __ inacth'e_at __ the _________ _ 

end of their growth: cycle. "Synthetic"~no2 i!_a much po_~~er~adsorbent.-_than nodule-

material. It is postulated:-that:~tbe~_lton~ in-no.9_1.ll~ mat~r!a.l helps ~o stabilize -the-_ 

manganese in it and, for as yet unknown reasons, increases :1ts adsorpt;_ive power. _ 

The core samples of liottom deposits-;·c-ollected ~ast_sWNner,.we~ec~x~mJned--_ ~-

by enrichment for ba-cterial_cont_en_t, __ Th-:c=dJ.iirib\lt_i_on__Q.f ~~acterla in thes_e_~~ft.S _______ _ 

was not uniform, nor were-:::.tho.:.ba_c_t§ir_ia_ne_cessJ!rily of the-$ame-.--1dnd at dif.f'e~nt ___ _ 

depths in the same tore,.:::_:_Th-~s=e: Un.dij'\gs a_te_~imilaJ' to thQse-cited l>}'Zo Beu~t;-- ·· --- -

Work is presently ~der_wa)'~~Q_-te1tthc~~_!>i_!_!!)' __ ~_the -~or~,samples~t() e,dsor~ _Mn 

with and without bacteri~l=:-grQwth, ··-Differences inlf!\ __ ~d~p_rpt~ve capa~ity seem to 

exist among cores on::::.tha...bj'-is of lesfsso- fai'-. -such -dHr9rences,- if corroborated 

by further tests, rost reflect---upQI\_!11LQ!~ttt~l.l!!2!' __ !_~ o!J~!· sea=and_:_upi>n_:_n~ul'="e~d""'i~sc•~=== 

tribution and structure. _ _ 
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PROORAM OF FUTURE WORK_-_-_------

(a) Mineral Sulfides 

Although it is the intentlon_fo_contlnue testing_other_mineral sulfides-~=-:_===-~~ 

for susceptibi Uty t?~at_tack ~Y flie----Thlol>a-crnus:;.F~l>acfnus-gro~.:spedal at ten~ _ 

tion will be paid to thCLdetails_of_bacteriar_:-action--:oli~-orpJ.ment, arsenop)'ri_~~. and · 

enargi te, Quantitative methods_ have to_be_developed_for determining~ the_ proportions-=.~---_--~~ 

of nrious fonns of a-given---~le~nt dissolved and repJecipJjated after_b~·fc-te-i'ial ________ _ 

action, Such information should_p!'<L\'.Ml_e cl\l~S ~W=th_Q=m.~&.hti:nhm of~aetio!Lby=thc- · . __ -___ _ 

bacteria. l'he detaile~Linfonfatior\oli_the~fate o£ arsenopytite and enareite,~~lL-__ _: 

available, will provide information eoncn'ning::_the_effcet _ofc-side=t--oaetit'ns~on~thi~==~~=~-=-= 

overall process of bacteriaLmineraLoxidation,_Ultimatelyi it is hopod_to_devclo.P--~ 

methods of mass culture-of a -auired_orga.nism_on_a_particular_mineraLto_ get_enough:=_-

cell material for res-ting cellcstudies_ and cnzyma_ticc_inye$titrations.. 

(b) Manganese Nodules_~~--u _______ n ______ u-.~~~~ 

Two aims wilLbe_foUowed_e_xj>erlrncntafly.C..in..::tbifwork, one- fLthe further 

elucidation of environmentaLrelation-ships..::.-to..::.tho_pro-ceu:of-riodule-devolopment-or c~-~ -

degradation. The seeond iLthe_elueidatiori-of-tKe -bloeliemlca.t meeha.r\ism- wK~rebY r.lri 

is added to. or r-o leased= ft-ODf~ -mangan~ s~-~jl_(>(l~l_e-~-~-~~y -- btiC te-ri e I TO at t Bin __ -thCf- fi iS t-- -- - --------

aim, SSU!plOS from Vtl~iOUS~ 'known $curces will be- s-fudfed. in respect to ph)'l!~-~_r-;==~~-==-=----_:: -~ 

chomicnl, and biologiealprope_~t_ies, an\i enemph will be made to- correlate tho re~ ______ . 

sutu with geogre.phi~-loeation;-=::-In stuayine~t_lie manpaJ1cscCfixiti,icapaeity-o£ bottom - · 

muds, possible conelationwiln-_116dute_::devolop¢~ril:::-wi1Lb€Ls·oupht. To attain the 

second aim, further studie_s_wi th-_ purified eulturos from nodutes-....::wilL be-made on --- ~- -c._- -

nodulo m.~torial and on-synthetic ~tno~.=,_to compare and contra.st behavior. Since pre-

vious expedments havc-alread)'-sn())l\~if~dlffQre]cg- itf_a~Uoli~by bacteria be-tween- - -

nodule material and Mno
2

, a eonditlon h provided to compare the effecf-of irori on 

the two systems. It b planned to develop 1110rc specific assay procedures for 
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differentiating the various oxidation--nates-of t-In and thereby to follow_ the ext.et 

fate of adsorbed or desorbed Hn, and to establishc-mo-re-elMrly the role b~eteria 

play in this proces$. -The ultimate eonl is to study the ba,cterinl_nctlon_Qn_lll@f~.._ ____ _ 

nese on an en~ymic le~el. 

. . . . 
. . ·. ~ ... · .· ~ i .. - . . : . ·. ~ . ··~· . . ~ · .. 

'.·:··· ·.<· :···. • • _- ; ; • ~ ~-.. --. "' .:> • ,··· ~-. • _. :.~·- ·:.,:.·.: ... •: • . .,_: ··:I _• - • .. .-' .-. ; ,· -•, : ' ·': 

-(5) It is enticipated the:t~-~-}:\at>erwill be written for_c:_suhmis_$_U>n- t~ppt._·_____ _ __ _ 
· Mierobiol. on the work with manganese nodules du""i'iny the lascyear-;------- ---- :---

PERSONNEL FOR 1963~4~-=--=--- _ .. : __ 

Principal Invosti~ator: e,a.fiQIRl 7J & Associate Professor of ________ ---
Biology _ ~"· 

Technician: 
~'f ... _,.~,....,_ .... _ • .;.!";.,"'!~~ 

Graduate Student: __ 



... 
~ -•. 

April 1963:---:----: 

·for_ 
l_Septemb~_i---:_1963 .. 31-AUgUSt f964 

-~ 

COST~ ESTIMATE ~ 

Personnel 

Principal Inv3sti~ato 
1/8 time-academic:::_y;;e.:.-;Jl~_r;==-_==-=~ =_ == 
1/4 time-sumier months 

Technitie.n-full time_:_:: 

Consumable Supplie$ ... 

u;ns;-----------
------. 785::-- $1,!)6()-

4 330 ~~ ~ 
,&,. ~ ·~ 

$6;290 ---- - -

$·· ·400 - ---------------Chemicals 
Glassware ··-~••'• ._.-u, •.. ,·.~<-.,•~ .••..•.. ~;" 200 '""'·'~'.' ........ 600 

~ermanent Equipment =-______ ,==-----:-- •~ 

Travel and Communication 

To scientific meetin~s 
Telephone - ------

Publication of Peports = ~="••--
~~~~ 

Indirect Cost 

$ - 250-~--
:ss -=========== 

520 

2ss·-----'--~~ 

200~ ---~-----~-'--

~- $7 895 ~~ . -· 
14\ of Total Dir~ct_C'onsctt~-----------'-- 1,105 

. TOTAL-=~~-=--~=-: - --$9,000 

hk 
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SUBJECT 
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! 

2 4 JUL 1962 

significant contriotiti~ns j~-tP-~ -~~1 to~ l5_~antyknowle~g~::-9J'c-!!l-~c!ll~~~han!s~s-
---=--=--=-------_--

_of mineral trans{O:rroations.~ A'iechriical-discussfon of_~ese acc9mplishr!'l_~l1t1; 

is attached hereto, with an ouUine of proposed work.f6:Lth_e-coming year. 

!~ctio~~d-~~---8 
Tliis_ser~'Li~e Mll~ll_e~r_etofor~~-~~----~-

be furnished by_th_ The cost of · 

this progr'am_-for_th•;us~cond -year wilrbe$9, 000~ 00 to_which must be aAded 

$360.00 which represents a 4o/o s.~rvice charge to be retaLned bythe ••• £ 
The total cost of the~program,- therefore, \Vill ~n6_t exceed $9, 360. oo.-charges 

should be made against Allotment No-;- 31 25~1390-3902~----:-::-:-:-::-::-~~-----~----=--~--= 

4. It is not anticipated that permanent equipment other: than that 

listed in the budget will oe required for this program• Title to the 
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equipment listed ~ni be reia~:~ b)'~l!·lieu ofhig~ ____ c 

wUl conlorm to 

the accepted_ 
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Original only 
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25Jtine 1962 

Subject: 

-~-~ • ~. ~"- ~ ... ·... f • .. • • . -

Th.e_proposal=iS not-being submitted elsewhere for 
possible sup?()~to_ --=~~ --

Your=-~onSid~r_a_tiP_n..:P.f out' proposal-wilL be_:_app.~-~~~=-======~= 
ciated a.nd.::-we:~:-took fot"Ward t9 heari-ng frOtfi-you-;: 

Assistant_Dire_c_tot.~--~----

Enclosure 

--------------------------=-···----
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Proposal entftlea ___ _ 

SuQrnitted_on_behalf_of 

June 1962 
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Purpose of Study: 

to continue an~investigatioif~of lllictobia la.cfiolf'()n marine_ m4nganese~~-

materials is being~aT_f_!_e~::::'_i>~-6y _ _K!_m,_\il!1n_t~tli~fu_l results, during ----

the eunent .year,-19-61-62» under _ajL _Q'--~~~[!I_t~e .(b 
~ 0 - fO'- •E:, 0 "';. "- 6 -~ • r 0 4 r ~ - - ..... • • 0 > 

0 0 - • • - • 0 • • r < • ,.> 
Since relatively 

mining engineers.-sou- setenfiSts » oceanographers» etc ocj-'-ii'i- the subject J 

.§~y of Past t-lork: 

a. Bacteriology of-mineralsulfides~-

Attempts were_made~to_:_evaluate_the_m_i~_t_Ql>_i_aL~lora isolablefrom 

unstedUzed, erushed sulfide minerals by enrichment in mineral soll.ttiQ:n._~-

The follo~dng mineralS~ were studied: --alabandite, ~rsenopyd._t_e 1 - b_ornite, 

chalcocite, chalcopyrite, _cinnabar, eobaltite, covellife.-erfargite, .galena, 

marcasite, orpi~ell.t, pyrite, pyrrhotite, realgar, ~nd sphalei'ite;-:-:-::Df these ___ _ 

minerals, only-cobaltito-;--enargtte, gale!'{a, pyrite~ pyrrhotite, realgar,-

and sphalertte yielded microorganisms. For--the most part these organisms 

were hetet'otrophie and probably ·represented -contaminants. However,-- -

Hyphomierobium, ___ iso_!.ated f~o~_r~algar. a_ pink _;re<~_st repeatedly isolated-:---:-:-_-_-::::' 



·.• 
from sphalerite, and Arthroblcter, isolated from cobaltl.te, galena, 

pyrrhotite, realgar,-and sphalerite ma.y-constitutepart of -a normae-=----~-----

flon. The actio~.o(_any~of_ th-es~-organiSmS:~,i_th-i"espect- to the mineral . , . .,_,,,. ---

After surface•sterilization, __ sqme .Q_L~l!~~-~o_yl! mineral sulfides-, ~~--

the isolated bacterid -strains are not resfttcted_ to a diet ofiron for 

energy, but ean-::-use=~ulfur_o_r, probably, some otl'ier oxidizable metals-;--------~~-:----

bacillus fertooxf.d.ans-,=-and--anemptintfto recover th~ organism ·from-effluent 

feeding solution_o.Y_er_::_a_-.:::-_pedod -of two months Ol' mor~so-far;- positive 

marcasite, ga-tena,~PYJ:'fte, pyrrhotite-;and sphalerUe.--:-:-Negative res\lHs __ _ 

have been obtained.::.with_alab-andite~ bornite, cobalnte, covellite, chalco~--------

cite, and one sampl_e-::-_QCg~lena,_Cinnabiil"~--otpimel'l.tj and realgar are being 

currently investigat_ed_~--=~~~~ _ 

In addition- to the foregoing=-ql.la_l_i_tiitf'l~ework, quantitative studies -

on the rates ofoxidatfon-~f..: __ syJit]i.~c~i_c C(I 2Sj}O:.d=~a:tural· arsenopyrite~ are 

presently beins~undertaken~- _Ft'Qtn th_e_s_e _s_t_u_d_i~rit has become clear that 

synthetic cu 2~C:_a~ __ !'-~.!5~~~!ze_d __ li_t_ le:a_st~4xa~ faStby-bacterla than by------~- -

autoxidation, and-that arsenopyrite can be more rapidlY oxidized by~··-~ ~~~ 

bacteria than~by::c.<l:_u~~i~ation, Results with the-latter material are not. 

yet sufficient to establish· an exact rate·-~omparison. The precise mech--------
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anism of bacterial oxidation remains to 'b~- •st~bl_ish:ed.=The work with---::::~~--

synthetic Cu~S proves.-what~some-other workers ·seem to doubt, that I'---~~-~~~- _ 

ferrooxidans can-oxidize metalS-other_ than troll_. 

b. Manganese Nodules_-- ~-------- ---~---~--- --- ---

and deyelopment of_ manganen:--uodules-=-inthe oceans ~s~attributable _to_ 
-~~ 

purely physi.:ocheinieaL~ro_c_e~S:Se$:::.~ Howevex 
. -~ .· ·. ,' . . ,;_, ' .. , ' 

on finding organic :nttrogen_-:_in_n~d_\Jleifj-:_-~------

c.oncluded that~biologieal-agents-wereuinvolVed-innodule_genesis~ _At~hisc 

sugges~ion, the_prine!paT investiga:tQr~ ~ttempted to:find=olit_iO_a_c_t_eria..._·-_--_--~_-: ____ : ___ _ 

in the nodular.::substance_aff:er:'s!Jrj'~c-~.._~~t~~ilization- (a rough estimate at _ -
------ : ____ -__ ---~- -- ___ '-~-~--~=---::-_=_:_----~-- ---- ----------------· ----

Bacillus, Brevibacterium'=-StaFhYlococcus, Vibrio, at) unidentified-:-iO.cl, and_-~~--=----_ 

an unidentified ceoccus ;-"'" The-pri_t'LcJp~_l~_!!l'!est_iga_~()~' showed= iti:_quantitati'L~=~~c-~- ~~~~ 

experiments that nodular substance can a_dsorb manganous ion~frolll S~Jl __ WJJt..~r, ,- _______ _ 

nodular material.-- Th~acceleration of -manganous-ion-adsorption-- is exp_ldn.-=~-==== 

able on the basis~ that tKe bacteria_~xi~i~.Ei.-th~ _a<ts_Orbed man~a?ese,- which 

faci 1 ttates further :adsorp_tiPJLo_f Jil~ngano~:rs-mangane se .-~ Th~e aece leration 

requires the presence-of peptone,- to permit t~ac~erhl development. ___ lf_-_·. ___ __:_:_ ____ _ 

peptone and glucose are present, mangar.tese is-released from -the-nodular · 

substance rather than adsorbed, at.least in a net e~fcct; Since some 

nodules weu apparently initiated around shark's teeth, ear bones of whales, 

pumice, etc., in the sea, attempts were made to see if oyster shells can 

adsorb manganous manganese and thus serve as possible- foci -of nodules. 
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It •llas found that they do ads()t'l> f.t and that pepton~ did not stimulate this -

adsorption (no_bacteri~ were- present:). ~s far_~s ~ _ suryey_o_f_thji::::_l._je_I~~~~~~~c~=---

has gone, these observations with respect to mangan,se~nodules h~Y~ DQ~ ___ _ 

been reportoo befor~.-~-=--~c:_ ~ --

Pertinent literatur~:=c:: 
==~~~~~~~~~~ 

The earl)fli_tj[~t\!~~ <!_ea.Ung \ol~tl\_microbial actton_o_n rnin~ra.ls __ has 

been covered by Alexan~~r _ (l) .---A review by Lyaliko;va summarize~_111uc}t'of -

the past important work on:-Thiobacillusferrooxidans~and-Ferrob~rdllusc 

ferrooxidans ·tv_.~~~ An in~Jrna_~~~!_~oc~tion of~troq-oxidizing autotro 

with natural mineral sulfides has been indicated b}~ the wot'k of 

.. and by_tl!~t=-of~_Lyc~_lj.kova (~). __ I)!.!~e~r~~n~e~ __ ()~ op!i\io)1~e)(i~t b~tl,ole~n 

Bryner and AndersoJ\_:_(~) ,_Malouf and ]?ranr (7), and=Ival10V)-Natgirvyak~ 

and Stepa·I\Oir on the- one~ hand, and-

about a mechanism-:of mlnua-t-sulfide oxidationof~ehalcopy-r!_t~,_'!'l()lybd~~~te; -

, .. 
in menganeee_nodules_h,a~been reported. Ho-wever, bacteria_l_at_~ganese oxi-

dation and reduction by-soU-bacteria has been known for-some~tbne;- An~--

important quantitative study ~n large-scale bacterlal-manganese m~tabolism 
--

is that of Mannand Quaste1~{9) •. Descriptions-of-manganese nod•lles are-given 

by Murray (10) and Dtetz-(ll).::..A chemical'andph}:sical studyof~nodules_ 

·was made by Buset·-and Gruetter (12);;-- The finding ,of or-ganic nittogen in 

nodules was fiOt· reported by Graham--(13) _and Graham and Cooper -(14) {who 

also suggested a biological origtn-of~the-nodules on thiS-basis. 
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A STUDY_:_OE__Hl~Ef'tAL.,__TRANSFORlHNG lfiCROORCHNI~J.iS -----:::--- -

Purpose: 

The projecj;=p!'cc:mc;>s e(j_._berei_n_is lntend~d_to::_pr_t}v1_<le _ 

int'orrne.tion on. the rn1crobiolog1cal pa:rtiM.pati.on in mlnera.l 

transformation._ Only-scanty knowledge~is·ava11able ln 

this field at the present time. The-'\vorK w1ll_cons1g~l'_ 

,. 

both ecolo_gie_a_l-and .,hye 1olog1oal_ a!)p-e-cts-i of the problemic:::=-=c:--=--:=c-_cc:cc::::--

The f1ndings_:_:9_houl:_d.-oe a valuaor~~=ccoYl.t!'i'Plclt1on to funda.;;---- -

mental knoNle~dgif-_in microbiolog~~,_geologt, and allied 

fields. 'tney:=-snoul-aalso be a vaiuaolecontr1but1o_o_~ _____ _ 

to practtc~il:=lin_~:nLlflage ~:rr-tnese areas bec:ause ways-may 

be ehown to harnees-sQJ1le-:-of-:--thes e_-mic_l"'oorge.nisms .to dp 

useful wol~K:_::_f'_Q_r____MM, sYfchas aiding 1n-th;e-oonver_s_1on::gf:_:-::::::::----::----------

m1.nerals of-IOJi_e.J)_onomicvalue into substa.nceecoCll1gl'L _____ ~ 

economic va.lue~Weys may a.lso_l:re-sh-o~n for.~ growing f90d, 

from minera:1s-=-=by=_g:::non-'9hbtosyhthet1c -process, =because - n 

~ome bqcter1a, already known-to attack -certa~n-m:lnerals,~-~~~-

can dba.r.ge::~GOz __ JJ1t]L.Qrt;~n1c ma.tter-,vith-the-:energy wh.\cl'l -

they derive_!:t'om the ox1-dati01'10f the minere.le, (1 )-;-------~- -_-__ ---_-- -

'rhis orr-~an1c~.";Lt.t.:.er may then-Hi--tarn serJe as food for--

other micro-orgenism:S--wh'-gi.i._mEJybe ___ 1..n~-~_d.-d1rectly :_o_r_:__1t1~ ==~~-_:_ _ __:-=-=-~=-~- __ 

d.irectly as-rood=for-Man. -

From~prerim1TIB-t'Y inveetigA.tions 'oy the sen1or-1mcee

t1gator (2), it hns become appa.rent ths.t mineral-trans-

ful'ming microorganieilfs are--1nt1:na~eli as~oc1a.ted with 

various types of minerals-~---'l'he proposed ref' earch is~. 

dee1p;ned-~follow: up the leadsfrom-:t1'1i:S e8.rl1er '"ork 

to delineate clee.rry--:tne en~onm~n_te.l Mid functionel 
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interrelationships between mineral habitat!! end the m1oro:or....o_~-

gan1f'ms found_th.e.r_e_in·~-~ 

ObJeotivee: 

a) IeoTation-of-repre-sentative ol"gani.ems:by enrichment 

apd-pure~ouiture methods: 

1. from ores -arrd other mineral~ 

2. -~ rrom-dra1nage~"~~1i.ers __ ot"_.ID1I'Leral- deposLt s----=-:.:.:.=...-. __ ~~-- __ ·. --···-

:3. f'rom_solls. 

b) A etudy==of~ne over-alJ_ Q_h~m1cal ac.ti Yi.tL.Qn _ 

varLOl.ls_m1ne ra.l euoetaneesoy-e~nricrun-en.t~ottl t 11i'es 

andc pure~~cultures; · Tne mineral_ s• . .{ostances will 

it:tclude-::=~c~ .-- ---

1. na.tursrl=:roJn~I'}lls _ -- -

2. ~SY:O . .the-t::-i~minEtrall:C · 

c) A study-of the--mechanisms of e.ct1on-:-on various 

mlneraL subs'fances-by-microb1al-1$ola tes. 

Plan of Re~ea:rch: 

~) I!!.ollli.on or_-:-reR~e~nt;!lJ;.t'V_~_ (jlJ.l}~fres-by ·enrichment- ~nd 

'pure- culture -m-ethods.---

lHorob-iai enrrohments-w1lrbe derived--frl::lct 

crushed bres,.:.. othe1"' minert~r·-~u.ost-ances, and- soils- by -

percolating ·nutrient· s4lt~Olut1-ons-=.through-·perco1.9.tlorf· 

columns ch~rged~l>ti th these rnAter1J:~r~ --:-The _eff_l:U:~nt_ 

eol1.ttions \'1111-be sctl.bcul t'Ire.d.i_l'l appropl.'iete selecti'Le~~~--- -

media., such- a-~~iron broth (J), ~~.tlTur o:roth-(-4); -

thio,:~ulf'Ate broth (4),·nutrlent broth, etc. 
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lUcrobial enrl_chments will also -oe derived fronLf'las~ 

cul turee prepared by overHfying~-crru~hed ore~other 

mineral_sub_(t_~n~_S'~-an~-s~).]._s_~\'/i_~p._a_nu_trJ._ent __ sal~t ___ _ 

soluti:Orf~==--Mrcrobial-enrlchrnents of--d:ra.lna.ge waters 

rrom::.miner-al-deposl ts will_qenfad~ __ oy _in:ocula_~fng-=-:::-:-:_= __ _ 

su itB.bl-e _ _y_olurifes :\._bj;_Q t}le __ 'ITI!.l'io_u~_ s elective_media_ ____ _ 

alr_ea_dy-·e_it_e_d.______Q_tber e_I'\_ri_g.jun en t _methods may-v e used 

as they ~bec-onfe-~appro!)riB.te.- The ores -and _other=====-== 

mineral~-:'eubs_tan<tes___Jii_ll-oe-U.sed-oetorEf~_and after -

be'-<prepare.d-=oy-:-s-tre~kiYfg<m--s-ol10.1fted-=:1n9I'.g_a_ll_113 and ______ _ 

or_ga.n1 c_ne.d 1 a 1-- whenever pos s 1 b 1 e. In _cases::. wh~er_e~~--

neither htghly~piii'1f1ed agar-=Qr ~~llicA -gels_ work, 

a d11U.t1on:.:-t_e_ohn_1_g:.t_e_____1J._s ing s el eo tl ve:::-llq!j)_d_~pt~-dia. __ 

may oec-empi-oyea-.-cul ttlre purl ty .\tilt=:_o_e: _ee_tli.J:>l1shed._--_--__ _ 

oy~pp_l"_op_r_fate morphological end· cult1Xral ooser'rations-; __ =:_ 

Attemp_ts e.t-=_e_stab_l=-1.sh1ng th-~-te1<~0nom1c~i-dent1 ty of 

enrichment cul ttires e.nd P'.lre cultures acting on: tnineral 

aub~te.nces~".;l"~known::-oompo~l t1ort-. -: rrr· the~e-=-~tud1es •. 

<l'.le.lita.tH-e A.nd q_u~nt1tat1ve measurements willoe madE> ___ --

on etJ.tbstrate decompo~=1 tlon,-!)roduot accumulation, ch-9.nges 

1n ti t~.•atable acidl ty_,-_pH, redox. potent1P..l~-consumf5tion 

of CO~:~:~o2;-l'>nd-org.9n1c rM.tter, 1f a.ny;~_:_::_A comne.rison 
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or-act1v1 tie a- in enrichment cult•.tree w1 th act1 vi ties 

in~pur.e__-_c:u_l tures __ on_1del\t1c_al_~c~~1~ l'iill. r~v~al c)il:let!ler. 

th~ ·cooperation of-m<rre--than-one m1cDoorganism is __ 

req-.Iired--for a. given tr9nsformP..t1on. 

c) A study of_ thecmech~ni~m-~ __ Qf-~,c_'t;.to_t1_ or, ·ITarious m~ nerBl -

subs tanc-es=by -mlcoobial-is olates. 

The=m_e_ahs~n_i_Sm-= or_ act 1 on -on- -various c mineral -substra. t e s-

by pure~cultu:r_eS__Wlll __ o_e __ i!'lY~~~Jgat_~<l-·by the:::use, ofc ~ c-_ 

s tandard:.-:chemlC.al;--oH>ohemical, e.nu ph~s_tolQ_gical teohrii(iues-;--_::_--:__ 

The experillientlil-- ap!)roaoh w111-Hfcr\Ide-a-=-q_uant1 tati ve--~~n~1Y$Jr;=-~--

o f the-a. o-t i:Oh- on_=-p_1JJ' e __lll_1_ri_e_r~_].__ Qpmp_Q.':l_l19-tf ;-:;;~ on to 1 tr b 1 e ::-form 8 -- -

of the-=-c.~>..tiol!s and--anions oi' tlh1ch th~=-re8-~ecti ve-mineral s 

s.re oomoo~ed; _a-m! ~on:::the=trnrore!oic(!lly poss1'ole-'Cintermedlates 

of metaboBs:m; -=such-~nf'ormation will be~rel{ttired·ror the

form~11-;.tnm-of a.-~rcheme. that- WO'llO:- explaHf_th~_posslble _ _:___:_ 

ov er-all=:-onem icaL r'eac_ti()l'l_9_9~ ~x11·e d. . 

Refer~nces: · 

1. SilY.erm_an~and=t\fncl.gren, J~B~ter.1ol ~-c?8!~J26 ~ (1959)~--:--

3. Silverm9n _e.nd-=V:.mdgren ,-J ~-~a1rct·e.r.1ol. ~-=?7_~~61-f:~-;_{ 1_2}9.) -=~ . .:.c~~··c··~· 
4. lifANUAL:.1)F~1U_QRQ~_IQ.J~:O!JTGAJ...-HETHODS, UcGraw-Hill ~ao-ok ___ -~----- --

6o.__, Inc., New Yo:rlt;--~195?,= p-~-!14. 
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~ ~'l'>'fCOF Ml~I!JIAL-'£1WI9FORW"',<V>t1 CROOMANISilS - -)3~-$l 
Literature Revie.w: 

A number of~-eports -exist in tne 11 ter~ture~aoo,lt m1cr~orgapi,sm! __ _ 

which se@m _ to_be___ass_o_c1~t_ed..ll:1 th_p_f'QOe~!l~~-gf mineral tre.n-stormat1ofi.-

In many instances-;-- the function which these m1oroorgan1e.me :play __ 1_, ______ _ 

not known or hs:s --been- m1s1nterpre_1;~9.~ ___ 1'l:l:e~]'ollo_wing~1~~~~~dl_scuss1on - -

of some reports_on___m_1_croQJal-ao-t1on on _!llirte~ale_c_omm_on_1n-nature•-----=:_ 

Sulfur: 

An inspection or_:_ tne ?th-edition -or oerg~y'~LJ'la.n'1£ll~9! __ _ 

Dete~m\native Bacteriology re-ve!l_l~_at_1;)ac~ei'1S:-:.haY.e,__oeen _:__::_~ -

associated: ln_the_p~-~t- w1tb e'llfu!" ox_i~a~~gn~-- 9.nd re_du~~i_onf:!--:_U ,~)__. 

The Thiobaeteriace_a_e_tnc_lu:d_e __ lllemJ)~_l'~-~]r~_t-l'lave~been_enoJ¥n- to ox1._· -~--

dize vario,~s-forms orsu1f1Ir-nH)rEr-redJ..l6ed-tp.a.n~atllfate~_-~T~.t1~e~s~e'---· ___ _ 

organisms are-a-ll- o_b_l_fgAtely or t8c'1l_t_at1velJ:2-c~moa'ltotrot>h1o, 

Most are stl'1ctly-ECetob_1_c,- ex~e2.t. for Tn1o~c1ll1Ts=denTtr1f1cans. 

wn1ch is facurtat1v:::.e~:::.:::.:_J>_no_t~_SYl11ihe~1c oacterta, belonging ~o :.-_l'le 

6nlorooacter1ace:$e ~tmu tne Tlii-orh-oQ.~qe~~,__:_~.ave ~ been-=shown __ t_o__ll~~=--:-:::= __ _ 

inorganic su-lfu:r~comp_oftn<nr=o_lner-t~f1an_s_a_l._fa,te .. a s=redactants~~1n .... _ 

photosynthesis. J~ore_qtLe.~t 1Q:.naplce-..ts_-=::_th~-~ s ~o~1a_tLon __ Qf __ n}gt'l~l'-~------- .. 

bacteria, _the_Begg1atf)l\~ea~-~and A-chroma~ao~a-f!-, w1tn-sulfuroK1dation. 

The 1 r as soc1a_t ion.:...l'li.t_n____a_ttl fur 1s ··le.rge ly o~s ed = orr:-tne -oo-e erv a.l1 on 

or intracellUlar ~depos1 ttoo ot~suTt,.n•-granulee•-=f.aU:s~t.:.ao.Q.:=_WolJ'_e _____ _ 

have :reoently_shown~ . .t_n~_t ·aegglat-oa. ~· s acti v1ty on s_u!f_l.l~ J~ _ 

restricted 1f-no~-ab-ae:n_t~- at least-1n-laboi:"atory cultur_e_::::-(3). 

·.~:ne nab1"ats -of-all-=-t;nese oacteria seem to oe so11-;-rreen and 

It). at 1 e.e.s_t---J:>_O.iL_1DelE~J1c_e, ~-.. ~.. .... ~~-----'-
a sult'ur oxidtz-ernas oeen ieolRted from oqpro11 tec·ro-ck 

lfoss11 d1ing). of 11ne Triassic neriod (1). , A fairlY~r_e_c_ent _r~Y_iew __ 

of the gu:rur bacteria -1s contained in (5) ,~-~--~--~-~,-- --~~~c-

Sulfl.ir~r_edtto..t1on -~'l~~___Q_een ~g-~ji-~tens tv_ely sttldied 1n 

relation to t>-te activ:ttleif-of Des~1lfov1or1o des,Jlfur1can!==o_f'_-:=-
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the Sp1r1llaceae. Members of this genus·re~uce_eul~atesl 
/ 

thiosult"a tes ,-sulf'i tes, etc. to hyd.rogecr--su;Ltide under anaerobic 

conditlone. 'l'ne habitats oi' theee bacteria 1nclude_s_011, sewege; 

water)oil-bes.rHig~tr~_t!l, _e_tc. :Up~()<i~~e d~scussl.Ons ·or the-·----

physiology: or_:__the_s~ bacternr--s.re cont~1J1ed in (6, 7). 

Iron comootmds : ~---

'l'he 1nterac_t_1..0n oi' bacteria w1 th ii•on oo.mpotlnds _W~_!; __ Q_'Q_serveQ.__:-==c-

as early as-1888~-(8}. In tn1s work, a eheathed-bs.cterlum;--

beptothrix, was-ooserve-d~t-o=depos1 t-rerrio _ hyjlr_ox1~e=-JrLl~fi. _ _J5he~tl!·-~= _ 

It wafel1eved~that _the org~n1s!Il__~a-~=~:t'l.~ll1~a.utotroph1c-,- getting 1 ts ___ _ 

energy . for-ca:rbon dio~lde:. ae_eJmlJ.~tion -~I" om :~the oxidatitirC9f _f_er:ro1J.S __ _ 

1Don. Howevei'-,---:=tne -onemoalltotrophlc natur,~of--=-:-th1s-orga--:--nlsm _a_n~ _ 

many other il'.on..c..ba.cter1a ha.s--not-been sat1staa_t_o_ct_ly PJ'9:!en J._n_ 

the 11gn1i: of.=-oTfr_pr_e_:_s~nt_ Qn~ersta_ndJ_n_g=·o_r phemoautotropoy. _ At 

present i t~seems_ more-=::.l~1lt:~_'l::l tfl~_t-uth!__!~~l\~had_b9.oter_1JL.(Chls.mydo- __ 

bacter1ac,aefmCrenotntnla~_~a_e) __ d_epos 1 t-~ferrlo.::ch-ydrox ide- from 

ferruginous_~ waters _Hf_iheir sheatlt~_-_"'_1_ t_l!~f1t~ me_taboll~~ m~d18._t1_Q_[l_._ ----~

The same k1nd __ or.=-t_err1Q hyo_roxide d_eposi t1on-1s beli-eved-to take -
' 

place 1n the __ cas_e __ o:t'~the--stallte(l~~c_1;~ria (Caulobacter1a.ceae) 1 

In their ctnre, too, l~t-Js at-_prese_nt __ quest.1oned~whether-chemoa,lto-

tro!JhY aocounts_for the f'err1o-hyd~_o_2Ci._de (lepoeltion. · "'he_ on!! _______ _ 

exception 1n_th1ELJ:t1~t~an9~~may __ 't>_~-::-Galllonella·r,.trrug1nea· _t9J. ---

Among encapsula_teLbacterla (Slderocaosaceae), tne majoriTJY 

of tne b9.cterla_seem_t0_ de.f[osl t _r~rl'1~_1l~_S.rox1de-1n tneir capsules 

or outer _cell.-slli'fA.ee-sby non-chem_oauto~~oph1c means,;--:- Only the -

genus Ferrobac11lus .J.IL~h1s r~mi._1.1::_-o~1d1zes- ferrous-iron by - ·· 

strictly ·cnetlfoautotrophlc-nn~ans~- at a very acid pH- (10) 1- TliUf 

genus is probably related-to-th_e_ Tli1obaoter1acea.e (1) 1 The 
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reported habltat~~Qr all-tneseibaoteria 1a ~ron-bearing water. 

Certain iron ores-also -s-ee!Il- to-o-el').1i!l~n t;h~rn j (11). 

Various- oomrnon -bacteria are able to pr~c1p1 tate_1ron ftom ~-

organic sal t_combin$3. t1S>_n_:__(l_2)._~fl_Ch g~nel'a ,as Etrch~richia, ~eo-c--=~=---~--·-· 

Aerobacter~ Pseudomonas.._ Bacillus, eto;--a-re-! able-to bring this 
. . 

about oy d1g~st1ng_aR_§._1_-=~t1e--o!_ga~o~port_10h! of the-sal-t.-Actino

mycetes of tne~gen~l"_E\.-Nocard1a-a-nd-streR.tomrces =ccan_als..O ~cArry_:_:___:_~--- ~~ 

out SUCh B.O_tiY!ty o 

Ferr1c~~1ron __ r~duot1on may be-p!'~rn_o~ed:-:dh"_e_c_tly~or_1na.1rec!1.Y -~=-

by microbial~ agen~Tne-1nd1rect- effect-i:S=pr_O_b_ab~Lt:_ne-nrore-

common, tak1ng--_pla'ce-1Xl a reducing_ el\vir_onm.ent_ at_aoid pH~~-~--~~~C~- _ 

created by "0arious_bacter1a. However, aa-o111US-~c1:t!_O•Jlans can 

reduce ferric.iron-through direct rnete.bol-!c: 1nt_era._o_t_i.Q_n __ _(_l.J }~~----~

!ron S•llfides--::may -oe preci:pl tated-ttii:'O~Ugh t.ne=c formation of 

hydrogen s !ll 1'.1.d.Lby_--~JtJ_fij_~~-=-1"~~9:9e _i' !J _())."~~~ l:)Y~r el e_a_s_e_:_o_:C_hyd rogen~~~-~ ~

sulfide fr:om -organ1.o- e~rtur-Qompou_nd_s_ py var1ous_c_ommon bacteria;- - -

Mtlnganese eomnounds: . ~ _ n ~ ___ .. _ ... _ .. 

depos_it_~on ··· ~~~ ··~- ··.-~~~~ ·· ~-·~~~~~-~ ·~ ~· ~ -
Manganesejhae oeen associated with many-of--the- 81-derocaJH~aceae 

wh1oh are also_ assooiat_e_dwlth 1rorcg~p5f!3_!Jaon.- In generErl-,--:-evidence 

is lacking tor metabol10depena.ence of -·this manganese_pr_e~_ip1tat1on_ 

(1,2), altho,lgh-.Be1-jer1ncl! reported long-ago~that spme~ t_ru_~ 

oaoter1a an-d--:-fungi_:_f'roni_soi_l~~QC>Ulg,_ ~o!-J~_!le ,manganese-· surrate or 

manga.nese oarbon~t_e_ (h~te!ro_tl"_Op'bi_c_allyJ ll4,15). Soofe· bacteria 

seem to oe ~a.t>~le to reduce-_ma.nga.nese.g19X.10.e~under-=~cnnd1 tU:>ns-where 

this comp6und __ can ___ gct as an eleotroil_ acc-eptor_ in place. of oxygen. 

Q.uastel and- Scholel'Ierd-(16) reported----ons-llch-a -process~ Chemo

auto\iroph1o_mangsnee_e_=_Qxidatlori_hs.s-be-e_n_ r~pol'ted _oy Prave (1 7) --.- -

and by Sartory and Meyer· (18). but oonf1rm~t1.on or -,nese observations 

is reC!uired~=-~::,::_:: 0:::::: -'-
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Copner comnounds: 

Transtormat1on_or_coppel"_comp_oun~ds _nas been reported_by _ _:_ __ _ 

Ciferri and~ScaramUZ_Z_L(l9) '_Hurwitz _l20) I ana. Bryner _antt~~~~~~c---= - ~=--c=cccc_---1 

Jameson \21). _QnlYcin tne-last-ot.-----tliese tnree,reports_does_ 

evidence emst_tnat enzymatic action on copper~- comp-ounds_-_ls _________ ~_ 

involved; in_f_a_o_t, ·_tne l5aoter1a_HCtha:t report- are descri'bed ___ - ----

as cneml)au totrophs_:~nu:e_d::J;J5-tn_e--cn~mo_~_u._t_9troph1o_1ron __ oxidizers.-------

In tne first _two_repor_ts, metabolic end~pr()dU.ots _ _:_ar~e,_ held____ :-:c_-:-~--::-~-~~= :-

responslble-tor=tne c transformation of insolublLoo:pper_:_c_ompgJJnda._ _____ _ 

_ H_ol;rbdenum comp-oun.ds ~---- --- -- -- ------- ----

An org~nism='-r_e]_j.~~~~J:OQ=~f!f'._"_O_f).~_I_!l~t-~'!~~t.l_"ophlc_ iron-oxidtzel"_S_ 

has been d1_s_C_OYe_~a.____t_o=-_b_e________a_ol-e___t_o_oxid1ze 'Ct1e~ mineral -molyb_den~ ~e- ----------

O.foS2) l22) • __ i'ne_~prodllots:___or_:_ its ~-action __ Qn thi-s:;mnreral-::._ar_e_~----=-- _ 

sulfate and molybdlc __ a_e.ld~--1'io_t_oJog ~fu_l"_trt~r-seems- to be known 

abottt th1eP~~ranst'orme:t1on~ -

Silicates: 

Be.c111us=s111ceus n~s__t>een re_ported-to .. rel~_as_e~p-ptB.J!!_S_i,ifiL _ ·- _____ :_:_ __ _ 

from a OO\ind _st-axe=rn aluminum sil=1.~ates waen=tn_e_OI'.gani_stn_1s __________ _ 

growing ln-:::a-::-:p-otalrsltrm __ det"lohnt _enyiron_metlt (2.)), -Asp_erglllu! 

niger has also been reported_to~~()~Otllp_oe~Lolay minerals to 

satisfy 1 ~s=pot~ssi\lm rettu1rement_s (24). Acid format ion ~nd i.ts 

subsequeny-=.action on _tne __ min_er_als=~pi'.O.b~bly' accounts ror 'line po;;.;; -

ta~slum release• ·rne_::_actas_may lne_l,Ide -cS:Dbonic, _organic, 

nitric, and_sulfurlc -acids.-· 

Conclusion: -------- -- --

This· l-iterature review 1s1ntended to bring out tne fact-

that m1croorganlsms--m:ay--:brrng-----abottt m1nerat··trans.formation in 

two ways;. by -direct enzymat1c un;eraction, · ueually causing o:dda tion 

or reduction; or by_-:_3._ndirect aot1on _tlU'ough tne prod,.lction of 

envlronmental_condi tions wnicn promote ~ranst'orma. tions_ tnrough .. 
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tne production or· envirorunenta1-oono.lt1.ons wn1oh promote .. 

transf orma t 1 one tnrough ·.one mloal-=re-act 1 ons~ o:L-__a_purely_-.:._·· ___ .:. _____ .:._ .:.:.:.:..:..:.-

non-blologlcal--n.a_tu.r..a.._lt_i_e__j;_nt:: _f_lr_~~-_t,ype- oi' tranerormatlon 

which will oe=e"\ireesed-ln the -propQ!!ed w.ork•=-= 

In ~1te-=-Of the impression tn:at c_ert;atn problems..:. or_ ______ _ 

m1croo1al m1n_er1rl-=-tran_e_t_cr_mJ=tt_1J:>n have t:>een: relrolV-ed, _ -morJ ~--~------ --- --··· 

extensive :inspection of tne-pertlnent lTteratur_e_reY.e_als 

contradlction.a;.:. ___ Tnl.!'..ea_e.xamples bearing gn: tnecproblem ~of ll&oroolal-.-

action in :m1ner_al~su1flde_.t_ra.nst.o.rm~ji1on_)'lill---:oe c1ted~for-... 11lus:: -

trat1on. 

Lea,hen::::::_!!_ ai;=tZS) clA.irned tnat tJhey · oould..:.oosei've"------

Ferrobac1llus-~ferroox1dans 'tO ox.1ct1~e _m~rca-site_b,_t not_Jlyrl te. 

ljoth thes~m1ner.als_have_tht:: same comoostt 1on_(F6S21~~ _Tney a ttrl

bu ted tn1 s~dn·rer enc e _ in_ s..c t 16rLoL tl'l~ b_am t e r1 a __ to ::.:.a.~~d it_fe_r_e n.9 ~ 

1n cry~tal structure be_IiW_een_rnarca~J. t~n_<t pyr_it~. let, Bryner 

ll !.\.• (~1) and.~001lld. oota1~ growth on pyrite . 

oy !· ~roox 1<1~TI.!~or~o_lJ)_sJ!].rff.l~~-~z:gan~i~s"!lm~.'.cc.=-=-=· =·· ·=-·=======-· 

A sel)ond unresolved_pr_o'blem_non~er!ls_'tne.:..ox1da..t_i_on_o~f ____ _ 

molybden1 te __ (21). Iii lihis work;- -an orgB.nit~m-related -to !·~terro.:.. -

oxid.ans ox1dn.-e.d.._tnJLm:i._ti_e.ral to suifate and~ moly odic acid, 

ine workers;;assumed _trfa.t_pz_i.da._tJ.q_h __ oj-__t.be :eulf,Ir.::..compon_en.ta__of --_· __ 

the m1ner!ll aeo_oun:.-_e_d~tor~th1S._~r..:.eao~1.r)l'l_'!. _ 'fhey overlook:ed · 

completely-tne- ract-tnat_ m.olyoaenum nad-1 tself_una.ergone_~n 

oxidation. The-~uestlon th11s arises whether-the baoterla were 

directly respons1ole::::-r::or:-:-m.~olybdenum oxiaa_t.ion. 

A tn1rd-1tem -cu confllot1ngint'orma t1on ooncerns-tne 

reoorted a oil! ty_of_£'.~ferrooxiQ.ans to grow -on-med1a_solid1fied __ 

with agar (26). oryner-and Jamesot'l could no.; confirm -cn1e 

observation l2l), 
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It is tnue _ cl ear __ \nat_::_ev_en:: on= ~nos• -!l1~orool'gan1fn!ls =for_wh1Q.n __ _ 

extensive 1ntormat1on_i.S ava.1lal:>le--c-oo~~I'D1ng ,;ne1r role in 

mineral treasrorma.tion, _flirtner'f(J'K 1s needed ~t-0~ clarity various 

points of contlict1ng_1_nfornHitl.on.--- = --
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