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tbemSé1V8SitOi nev;,and,_,untque*approe.ches no energy p2_;<5d.\.1¢,i',1Qn_18>iQQ,§£§~§;:;7*_____ 
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PURPOSE OF STUDY - 

This proposalois a requesrfor perioq lfiepgembotf 

31 August 1964 of theogrant-in~aidopgosently supporting research 

The ragaooo:_1nv¢;;1za=19noc¢>y9r¢s!nb¥}h? P?@§%M~ 2w1§i5;o§¢*br9=°4 f 

relatively \mexp10r'ed_tha,t_s_eE;;a1
' 

spent in unraveling the,p;ob1fi;I1\§j*§§}f11:tfof “tho 

nificance not aloné acaliiéidoalli but also P’i‘€€tiC311fi§$”ifl‘fpUb1ic health", 

vation of mineral rosouxigggimineral"oxplorafiion, and mine?a1,€fffwT:>t19n1.fT , _ 

health, these toiof§hfei*i*§o”5Sib1§ IT6ri§1i1f7f§;§<1_§Ql'1§§qL;:z1 

of acid ferruginous, and/or and/or acid arseniéalitream 

tion, deriving from bactor_i_,a1”€ctiW6rfimura1“inine*re1
* 

graphical 1ocations‘%*fi'itiiooiiinued population increase;maifaiéfléiiéjejQ17j11o1F§!¢!‘_,,_,_,o , 

resources in a 1DOI6f_&fl_d__l!lQIe,_5]]\'P0,1‘§3!}'fV,7 __ H 

The work is also pbfo 

chemistry in publiéwrater suppligs, w1Ye'1‘6Tai*§€fif€s*e*togetlgergiith_i;‘QI1 son §§9§9,Tj 

discoloration of wétenansl water contaifiérsand"ig}\e1;oj&§z§Q€§§,,§!@_iiI¢€“§:€{i7§19? 
’

~ 

posited biologiealiiin water mazirirahd iiipes; onfihe are;ao"oLfi§_e1fi8Li_<L*5‘_‘!';_;;g____TII 

mineral resoux-cos,§ theworkunderprovides a basxsoofor 7CQ|_1:7flw” i 
-_.' E 

trolling any relatiVe;111g_13@i§Y”f9£f fiin ;‘e1§ti0n,tO,I111G1TQb95-7, Iij 11 7 
7* 

seems evident that; unconirolléd bacceéial" 1é?:hing"cog}§ "¢onceiv'ab,1)T 
lead do-” 

‘
. 

pletion and ~ o. 7 
tion, this work ink!icatos_Wth11jtf1”§P¢¢ii1iiléwiiis oi mic;-oor§anisn\sokn0vLI1 £,°o,b°,Abo1P__E9,_A _< 

livo at the expenseofiigiocifi§;TI!!i!1¢o13L"1§)[P§f9f 
811$}?assisotanosz,in;di§¢5V?é?iI18oojooo;L’ 

new sites of minofa11depo;s;§§J,_% Fi.gg1})T}}\iQ§ york ilends 
additi6rial’S\Tppoft"[to'othe G 

practice of using 16* mineraFeirtracgioonr""*"***” 

,\

E
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svmm or worm ACCOMPLISI~1EDUNDERTHB‘1962-453*“ 
- . F ~ 

(a) 
e“¢' ‘ 

Quantitative studié§‘6n the action of the }§§epgc111pe;[g;ig§§¢i11u§i;li;;;:l; 

grou of bacteria ofl"the minerals orpig§§§%§§§;§é1£j§i§eh6§Yrite;(FéS2F€K§;)]'§fid””"ffjf: 

enargite (3Cu2SAs2S5), were ini§I§€Ed§””The biéféiiifiéthizjed s1gnj£1€5fi€"§b1ubili- ev 

zation of orpiment,;re1eas1ng_g;§eQjg_§§;e;eeg;;e 

sulfur portion of orpifiéfiffisipjpbebleg bu; re@aifl§f;9 §9 experimentally veii£i€dI”“* 
e 

"" 

Some spontaneous, nonbioltigiggl,,_Q!§i§§§1§I\_Q§§9?Pii3?fl§_§§§§!tred,"bit” i.2"wa§"‘cfsn1y f 

about one-third as extensiVe;asjwith*béctéiié;eeTHe che&1§:ry*o£ bacterial dxidatiene T7 

of orpiment appears;to_diff€¥T§ignificant19*frehFn6n6I§}§§1ca1:oxidd?iehfeSfié£1e9t1__M "if 

ed by pH changes dur1ngjthe*pfo§esses, Wi§§”bgpteri§’§§e”pflffel1;fi6fi13;Sjf612I0wWe_”fi 

in thirty-five days§;§u§_g1;b9g; b§§§§j§g Q; ge§e§£rcm 3,Sgto 5I0*in that time; 
'The*”*“‘*W* 

precise chemical meehdniShQbfQOrPim6nLfQx1d§Ii§Q;i§hé1flSWt9’beUH0rkéd’5fifYTiflfT,f]f;*f” 
W” 7 * * f h 6 1 

W Z 

Quant1tati?é _uqrk_en;bé¢xerie1_e;id§;i9n o ageenopyrite s one *re eése 

of iron, arsenic, an<Lpr_ob,ab_1y sglfin}-]:§i§@‘j;hfiifi§§}§;MostTof,fth€f€ii51”y§é{;;iiQjlf e, 

this study were hi$i§€fiiOr1th§Si5,_pTH§:::f” 
' < -1 

results have shown that,f§6ntréfy to 5 sustained release of;e61Ub1e_arsenice£r0m "*1 

orpiment by arsenic_was;re1é€S€d_bY;§§g@§1f;;§l 
‘ 

2 _ e 

e 

*f*”i” 
f; ;7'

* 

rsen 

from arsenopyrxte. TfiiS*fiappene¢,1n‘§p1te;g%55g;ppgggg 

a b reason for limited release ofiS61flbI€7 i€* 

ed 

y_b§§ieii£efr6m arsenopyrite is the 

re1ease_of_1i:6n2_'l11efj T * * 

precipitation of 1run;arsenite§;find_arsenates;afteij§j§iii1ea1;eencentre:1en_e£*””"“"w;;;___ 

soluble iron and areenite_and_arsena;e_hes_heen_:ee§hed._*A1th0u2h some 

of arsenopyrite occurred in th€fab§éfi€€”6f b5Eféiia;Tite extent was less and its"
‘ 

chemistry different, because iron arsenates and arsenites were"not precipitated 

without bacteria, and th§T§H Qif1h§j@§Q§§m;§!9pped §f6fif§}5*€6”2I5”in thirty-six 7 

days with bacteria and‘i6§6Ifr6fl13;5ji6i§;0jin_;hBt;iimejwithout bacteria., H_HmM_
-

»
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The extensive reprécipitation_of if§§f§n§Hag§¢ni§flthr9pgh bacteria1_a¢ti0h has Liztz _ 

di ' 1' ' ” * 'bI4’444’ *’* 
rect mp xcattons Hi!h_1‘6Sp€Ct_ to p_QS_§_1___6__t_1‘_£LQS_1_Q§_fl§_'101\";Oflthfi constituents of“ 

1 
” ” ‘*4’ b * * 

arsenopyr tes in nature.A_tfI‘he_hg;t§1-iagz hen0menon'a1so poJses"a pgq v1efhiTwh¢h’”51‘§¢fli¢ 

and iron are to be extractefi_t9geth6i”£i6E a natural Z’ 

t Quantitgt ivemork;on;bicQjL§_@1id8¢1£l!_Q§_ ,¢_11§rei W Mi aivef *e§“1\=TT'*%__ 
resembling those with41,nm\Qpy1jite' Although the bacteri'a_ are evidentlyttfattington 

I d d i h ~_ * 44’ 444’ 4*’ 1T’ 1 
t d "’"’"ft t ** 

the mineral, a sustaiflédjolubilii€{t_iQn,t Q£,,th§i§oTr@i>fi§gtjgrsen1¢r 1s1ot_ttnots=;d,.; ii;iifi~ji?11"; , 

n ee , n t e presence Qt‘ bicteria the dissolved arsen c :¢0fl€0M1‘,€11§,_Ql1__179P5 8 ‘text V 

ant rise. ImnetabsencejfmteQa_t;hg§§t¢!\i£3;<>r\¢eMratiéfl ti-isefllisim; 

1 1, 
' - 

it 
* —~~ “W ~ 5 ***** ~ 

T "1(+*** 
y ut cont1nua11y,,_jtt_i_s’_notWc1ear from the results sofaiiwhat thtet£atet_o£_tZ_e U"__ 

arsenic or copper isi8£€€i° 

formed. Contaminatifi*g”‘1f;?f6n_ mineral 
tas_t_e¢r;a1j§_e_t1orQ¢;%§¥§§,B9Z 1‘°§°8fl1l8b1?1T1‘?=iPi¢8¢° "85 

h 
4444’ ' h 

W ’Th 
not wit out them. ;The_ne1teas;e;Li_r_Qn$p ears to remain 

' 

f "4’:; 4’*" "’“ :’44’4 b 

C 9 QITOUS Sfiteii 

pl-I changes are roiL3fiLto_2}5, !1Ih_ h3,G§§ji‘ie_1,igndftit-im*t3.§;to__t;5_ $11t!1Q_uL _@\_<_;s‘-§!‘_i_8_» _ ,__ 

in thirty-six am.__gpr¢¢ast¢*¢e;§;;pg1;>pt o£7tb€*;hé5\iga11<=h5fi§Sj1h@§£"%1‘8iP§717”" 
* " 

undergoes remains to_b_éjiI61:kedto_t1_tt 
” ” t 

Growth torLcup_1;;1s1ul i ide‘ &‘c,1,1,tg:;:§§'%gp;,_ :::j:_ 
vestigated chiefly‘ by*aig1-a<1w»tg<l¢J§,@i§iI2§?,i£€;Y§!fi#b1@'fté*$P21&L<2nt,éit€tf%r¢I1%j t 

synthet ic preparationsi B§€t_eTi5l enrichm0ntT.11*fi>”de;1*ived ffrbm § 

effluents dvrins the~9&2"Y%;)L@X§;J!§*2YE!¢t 91"?! 

on these PI‘€P8T8€1_Ol'\SI'ff,TK§ tp”6_'g§1ibwi1ityf5x5jZ§es'_t1t§t 

sulfide requires thetp&rti_cipa_tioh oftinotihet than tone” 

the princxpal investagator fofidfifiziézmd fungz 

more consistentqggygth” res onses 

consistent action ton. ¢up:_cous
t 

or"gan‘ism.t : Iffthis connéétion 

accompanyxngwhe i
W 

t 

' 
. 

I 

' t ' 

_ T 

jT‘T‘h Tcbacillwéls-iff 

Ferrvbaqillus swuPtQ§,,b§:¢tctti@tin The PY°5°'
1 

zoa included an am@ba_ana,at51iagg;geT@t1t~;pjia%pmq to srs>u_¢;thT<=,t ¢;ii>1e?1‘=@‘§°f 
" f 

<1 5“ " *4 *1 ~ f 
the bacteria an tmgit, The ameba were observed to ingestsuchtorgan sms,

V e
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_ 
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Both kinds of proto:oa"are*uusual"in their tolerance of see ppm copper and upwayds _W_m_m_m 

of 2000 ppm iron. Urdinari1y_thesa_me1a1_;Qncentrations would be expected to be H M 
.0 0 .0 an 

0 _”, 
lethal. The flagellate has been repeategly su§gql§g;§§_ n 1ironisalts_medium,in_l___3 1 ____! 

mixed culture with 

(bl Mgg-ge;sé,Ng§u}e,g __ ff f L 
0 

'

0 

During three*cru1sesinthejA;iantic0cean“inJdne,July, and Auguse,‘0 

1962, as guest of the pp,lhp ,0 ;;;M_mW_Z_p!%;Z\L.l@p1 A 0 ppthlrcy-four manganifer
p 

ous samples and twenty@f66i1c6iés;of bcttbm depbbits were taken:*"About two-thirds
0 

of the manganifcroui‘samp1é§;hate,nQ!:§§§D;£§§£§Q=§Q§;§§§jg bacterial content ad . 

for the ability of thesé‘bécféiiéiifiiéidi§g;@§flg§§§§§:§§§l§ionito,thelre§p§cg;yQ;§I, pwnl 

samples, as Mos; of th9_S_6‘S3Ifip"16S',lvl8I'Q also ana-1” 

lyzcd for total iron and manganese §QDt§p§;WWTh§_I€§Q1f§f§hOW€d*thaC thé”Véii6fi§*::*7"‘7W“" 

manganiferous samples were*by;ho_means_alike.~w1g;5omc;§£s§s;xh1s_uasl9Ei16H§;bylfi___W_l_Wf 

visual ifispection. Ifl?61héi;cases, however, the difféiéfi€éspwere‘n0t macroscopica11y;;1;;”~ 

apparent. Instead,_the irbfi¥mé§§3nése-c0ntent, or the b5cteria1,content, or the Mn""" 
” ‘” 

adsorptive power of thé1§§fip1§§{;§Q9ggBffijfficrencééjjiRé$p1ts;ofjéipéiimcQ£§}fde-§§f 

signed to test for thegenhéflcémént bf Mn ad§6?pticn by manganifercus material with T ; _ 

the help of the native"baeterial;£1ora; could bé diQidéd'ifito four majoricategories. __ ”_ 

In one, bacterial enhancement_ofjMT56§6fp1i§fi;Qg§g;@g§;yigh or without prior p 

surface-steri1izaticn;‘*In1€‘scc6hd;"ii“6€cGiiéd only With surfaceister1llzatibh,;;;;;;;;;; 

and in a third only without it. In a fourth, bacteriél enfiancement of M"ad§6fptich" B7 

was not noted under eithér cdhdiiiéfii“ Since not all Bicféiia_from@Mn_nodu1es_canW_______,__ 

enhance Mn adsorptién;“inc1fision of Surface-stefilizatibn in*the pxocedure caises W”, pp _ 

selection of different types of16fQ§ii§fi§ffr6m:th§ffi§dfi19§f10ra_than omission Qf __fl Hffi 

surface-steri1ization.efHowever;"the full explanation £6f*the variability cf bacte. 

rial enhancement of M adsorption is more complicated than that.c With a numbéfméf
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samples it was noted_that‘M_uptakeZbijflgngenj§§i§fi§‘ma€eria1_:o;u1ted in a 
net416§s”’“"*”e; 

of manganese from th€j”édsorber”{T 'l'hTf&i::tion accounting forthis phen‘onenon‘is_t§e if 

result of 1 d1smutatiofi;be;ueen_MiZ_onQ_HQ§f§n§_5;11tbe@§iscus$ed f@ith§r_be1@v!tonnW,W n_; 

This reaction was exhibited by glgoiugjgngysiagthifoitnetsamp}esoteated_anr1_sLoy;,;1J9L_o*_W 

the properties of these san1p,1;e§,_arofdifffegentffrom”theieet. e~I€‘1E‘Tan'therefore be 1 H 

concluded that chemical physical properties of 

determine the effe¢tiventé§s_1>f;b§acteriain _en_l1on”ciZnZg Mn 

all but one of theZsampj6§;0£1h€j§§;EQ§§_1TQn1Zogng{tom extinct submarine volcié.-" 

noes (sea mounts), ;and‘s1n’oeiquite* a fe”fof “th€§éT§m”p1es beha3Le;1_di£ferent}y§jz3n___Z 

earlier samples f1‘§l!lT0fi1Q1I_SQLl1§€e5T1f3|-§;P05tU19~ted that__2¢?”Q8l‘§Phi§i,1&§?i°‘\95 t t 

manganiferous samp1é€1:iaYja_f_f_e'_¢_t'th”eir 4,,-_13'§‘=:_i131§.i1,_'tphY§itca1,% andob1ot1t6@i,<;1a1_ pgopg-_t_§e_s_.Z 

A clue 

moles is provide:1>v:ian;§:=p§=;@§;@;91T$h<>@§;§;1ii'?Q£§*i°'L'@@§liQ“o*‘>°*"e°“ *"""* 

and Mn0 forming lh3‘*1ietLn63i1eStadsorb on the tha_Lk:ln3*,t,i_s
” 

2 e 1 . a —~ e ~~ WW 
stabilized so as 

was found to be an effe_cTi\Te"§t’abi1izer. SiW;>}{1§)*p;lloZ§p1\ate_doee_ not ,_<,>_<;<;'-!1‘_;,i_1!_§;”;11i1tj ”jj17j 

wine env1r<'>nmeM_. §¥‘“'f=‘<‘*°‘T“°"i111QP$- e"°‘3P1§77ile71tT 

breakdown can thus‘ be_accomp”l;§});eT<!_; b__i_§>:1j>§i§§§1lf_ }?,i_§h;§ijg§Pl$5 ihé 

mg.‘ or mnbio1@:@1zlL§_§i5n*\¢@@1¢nx¢¢¢*i<1r\t?t¢FW°*“*"*1 E-"<1 "“°£¥i 1“>tYe~=*1@L _ 

latter reaction ocieurs;w:i.t.lij6n19_jSom_h0du_1§S|£16“ Ih,9U£'.h—,é11i‘h,a)Le_l£fiLO __fl_-_n_d_§§1§_Q1;§____ 

Mn“, remains to be expltéinedf I 

The \'-1bi1itYT2£”9*~?;]\i‘¢11IT>”z,1i;c;tt¢§i';_}o_ Qd_ in Mnfa<L<Ii*_t;§.on*to nodulifiubstance Z 

was shown in pure cu1tu.re_,_e,xpor_1mef\t,s,ttt _Ff6mf_Sij1i_1_{!_1‘_t_ef5§S—1F€5Q1d be ¢6f\¢1\1d¢d
* 

that Vibrig can similarlyt aidtiintbhmyeddiflong _bi;itf_ii¢>t §e];;;<§r\£§§J§§;_.__A1_1]"t})f§ee__§ _ 

organisms have beenni-Hid,inT\6du1és*.””Arthrobacter, at nighffiéptone”eon<:ent,rations, 

causes cluwing and heaping tofttnodutléftmatorialg not so at low peptone eoncentra-‘ , 

tions. A similar phenomenonoohas been noted in soil . The clfiifiping and heaping

I
_
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seems to reduce surfacé_£ie'é,"éficftherefore slows adsorpti0;n ofM112”"f,T1‘ 5 > Kt_'KTK;l'ij'_§",Q’_f;”f;f'_lf 

Initial §xpezimontS hav_e_1{evea1éd that Arthfobaottertan

n 

sorption by "syntheticDetfiQéT7However, ‘tho adsorption and _1ncorpogqtjp;; p*z;oo§§_$;_oi_t j_ 

Mn“ is not permanofit. The p1:_ey_i6u3_1yiiféd*di§1iii;\tatioh reaction;soems;to_oQmoir;t0___ 

play eventually, probeblyfivhen othojbféctéfiojyetomefipby§io_1ogiea11y__o1n§ctivetaLthe of, 

end of their grox-:th;cyc1et.; "S)Tth?tiZ:"NfiO?fi§i*a mU¢:h7p35'1?6I‘T8dS_0I‘b6i'1€1¥h,8l’\,, nodule? ‘ff? 

material. It '15 postulfidihiiljthej;11ionQ,1tTilD9si_\Q§;l!1§,§i1fifi1 helpstso =§ab,111Yé4¢h°T Q 
. manganese in it and, for as yet unknown reasons, increases ;1ts;ad§oi~p1;1\{o__tpower; , 7 7 

The samplesiof bottom <1%>i’t§Té*o11etcted 
’ 

t by enrichment for ba'cteria1;contanot. ;LhEdi§t§i_iL¢1t_i_<3;jTo£ jwcteriaoointthesoeo,coros,____W, 

was not uniform, DOT'H8IGithéébfi-§t§i1BJE_Q9i5_@1YOf.‘th§W38m€f1(1I1d__’8I_d1£f9_T§§Dt _o_ 

depths in the same =dore;;m*es;e,r_g1<1_1_11g;oo@;¢_o;om1;ag to Be11";**"" * 

Work is presently \1j\de?i~fi§yj§1;)j*t_5i;s;;gjggiigjtggggfioésarrmoletitqotédfibtrkokhooi o 

with and without ocapoeoioix, mm to-<2 +7 

exist among cores orEthLb§ii,1”t€§€§T6"ffi?S\T¢h*di”fForences;”1f "corroborated 

by further tests, niustoref1&iT:pQi)i1§;$1_1Yg1;Q9;l§gL_§11 =@aian‘d;uPs>l1;_r\9:d12J%i_§-__t, 

tribution and structure. _ 
t ” t‘ 
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PROGRAM OF FUTURE HDRK'“i“’if”4”iW_NlW7iT1iQIili4iIiIlQ::1 

(a) Mineral su1£1aei=i;lé;; j W _ 7 

Although ibis the intentiomtlogontinue itesting_c~ther_nd.né”ra1 S”uilfidé's'fi_iTf 
for susceptibility l?i8jl£’t§CkV!2fi*§§i'l1ii5E_3j§fl11@’F§IfI‘O§fif1’1US‘g1‘OUpI§Pe¢§§13£CG!l§;Q,__ i 

tion will be paid to th<'-idetalls;oibfieri5*1*I€€i6if_Bi15ipjment3 arsenopygigg, nangi ”_H _ 

enargite. Quantitative methods have determinirrgithe;'prop0rtii3n§5'1Ifi?‘??;i 

of various forms of a"givexig1_g;ngng”di55Qlygq aggd ;@p;Tg_<;i;;i;;ated aftT;bI'Yc'fé‘ii5If“"*"WM“ 

action. Such informétion shou1d_pgg\;i_<l§_ clugsL__@_;_§h_g:p;gghgni§m;offitl6iLbYIth’T‘e 

bacteria. The detailéctinf<?rm”ati6i'{T6fi1thé1faiébi‘ aiéenopyiite and§enargite,_\v_li_et|_f_i__f] , 

available, will provide informatién c6n6éi"nii{Lthe_ef£ect-of*éidé3*6§EH31i§T€ifth€f_:l::jl 

overall process of bacteriaLmineraLc»xidation;_U1timate1y,@ itis ihopod__to;develop_1_. “ 

methods of mass culturie*ofiTde'silre<Lorganism;onlalparticular_mineralioigetlenoughiff _, 

cell material for "resting;cg1l,,s;ud;ies;andl,gnzym,3:icl,_inye$tigations; Q; , 

" 
' QM; 

(‘"1 

' 7 _ _7___ _ __ __ _'_ WW '______ H ‘ ,_,_ :7 i rA,_ ‘ , _ _. . , _ . _. ‘No aims wilLbe_£oflo\-zediéxpgrimbritég L lgigwork One s__the further_.,_ in ¥_1H_!W, ” ~ 

elucidation of enviromnentalfiiéléii6n”shi13€j€6;the_;iro§es5“fof *ii6d\i1é”de\1'él6ir>’inéxi*Efd1¥ ;_§jfT_:f LQI 
degradation. The second isJhe_elGéidéii6f6f””th”e**B1oéBBi\’iEa1flcha;f\i§ri"Miéiélfli¥~hi”*f”fI" 

is added to, or rolealsedif1**o”in}Ydéhizbfyéééfiilodiilgsjby"bdétezrié. T6T1ttain"lthc"fi1‘ls€*l”l 

aim, samples from va1?ious1k%i€6di‘6é§"Willbé"§€udi”éd*ir{lfespeclt _to ph§T§i;f§_1j§jjiffff”f 

chemical, and bi010gi¢»€l’11plfOp§lf§ie3,I_ang1 étitemptsiivilli be ma;de5t5ll*¢§rrelate thé re1,_iW_;;,II’l 

suits with geographi¢;locati€n. flu studYing_;t}_{e_ma1?T§a11§?§ffixifl§*¢2ij5eR':ity*‘¢£ bbtiémi ff Y i 

midi , possible cor:-elatiE.?\ wiifiiiédflléQdéVb16p:li§:Yf]§*i11_5é;S~ought .i T6 at téin’ thé i W” 

second aim, further smdiéifwichipurified ciultufes from noduléiwillibéfmtidélBi ” 

nodule material and on"synth'e'tic gndl contrast behavior; Since pre- 1 , 

vious experiments haw”81re8djESHQivli;§;dl_§féi‘Ei€§5 i[é§ii1iQfi:bY bfléteiriéiibzéztwvéfijzi 

nodule material and Hnfli, a condition is provided to icomparei the‘effe'*6€‘c5f “ii-‘ori Zon 

the two systems. It isiplanned to develop specific; assay proceduresifor 

ii-**** ' ' " ' — I ~— '—€——'—————————-



" V , 
- —-,~~’!!%, , 

,r‘_A
I 
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‘ f Mn and thereby to £o11<>w_ the exact“ __ u S O ._ _ _ = 

fate of adsorbed or desorbed Mn, and to 9S>tab1_iSh’_'*fi\.'Of1‘;éfl*¢1&§‘.T1y the role bacteria 

play in this process; *'l‘h1<?01tim:ate goal is to study the 

n , 

' 
1 uel ; _A__ ?+_:_1___,____;___:;:_;¥ ese on an enzyme . _ Z___”__ _Z______,;_; _ 

PUBLICATIONS ms1n»;outo1=:mEwoRx uuoemms ;jl_;i':3_n‘;t{1;9e2~_es;_, 

Qffl 

(S) It is anncipati t at Q 
L1 

<1 
h*”_”*”*“jer*w1l1 be written f6z‘i§ubmis_:~‘»_i_ 

" 
‘ 

§p1;‘____ _ ;__ 

‘ n ' 
, > 

» 
¢' 

r I 

.‘. .. _ 

‘ 
V. 

, _,, » ~ 

’ 
, ; ' I 

‘ ‘ 

“‘>r 

~ - 
_ 

', 4 

__ ____,___ . 
I‘ 

' 
W 

' 

p_ajn1*j;_**‘___*__*_~ W on t<>A 
— ' "Microbial. on the work nodules du"‘i"inp the?‘1fi€7Yé2iiT””i'""f‘"""I‘" " 

PERSUNNEL FOR 1963%44’7”’lIf;i€; 

Te chn1c1?~!!,?!.\.*,.;,k,,@ 
_ 

C
_ 

P§i}\cipa1 Investigator: AssociateW 
. _ . M 

cw-»»a=e 0/ 

‘I

\

0



,_ 1 7' , 

. 
‘b _ 1 i 

__ __ 
A1 

‘“" "' /“ "'“\ 
i

\ 

_
. 

April 
Q”, 

Proposal No 

_1_Sép:emh§ii196$‘§131’Aflgustm196§‘E 

_QQ§Tj§I}_¥AI§,IQQIQQ;-
* 

Personnel 

Principal Invastligfator * ~___~ —__ _ 

1/8 time-acad¢miciy2;:____WH_hf ___ __%i:W”?$!;1?S»_ 
1/4 g N “*1 

Technician-full _ 

" 
”"4;3_5Q 

Tota1iPeis@nne1‘P§yen;§1"'"’ 
" $6;290“‘*‘*‘”*““** 

EgQ§_Lumab1e_Su2g1ies ’ ‘* ' 
Qi 

ir" 
’ 

V; 

.; 
' 

~.=~ >;vz;>;- 

Chemical S 
K ‘400 '*ffi”_,'_’,"f' "' 

~“" Glassware 1 ~~“A ~@$1migg;QQ;;IIii,lQ;;:§b§fi;;;L;;;;Hj 

?~ermament i:%ifL':1’7£€;T;_;;'—iiiiii':'; :i;_;"7:;"1}'%;—':——__:—'i17lZ—Z _ 

ml ~ ;j;ff;;; 
To scientific méeting§f”"'*?"‘;i‘i;ji1?“ ~ 

Telephone _-_,§5___~~ 1 

520 

P‘-lb 1}P“.1°" 9_€B£.“@!£2.1;;+;:;*_ *_> __;_~ " E

2 

Cost ; ;

_ 

I-1 Q U1 

T 'TOTALi;i;,* "ii"*$9,000 
14% of Total Direct_CQ_sL _ 

' 

if ll



;.:.'___ 

!'_':.'->1‘; 

‘M 1953 _’ _’

_ 

, " .7 ’ ‘ 
. 

’
" 

. 

4 ' {- 

,7 ‘P’-* “'7 1\.s.r:1~.4<>RAN\:u1~,1FoR¢";c/Tsn/1=; , 

* ~ ~ 

sum:-:c"r»»_ 
' m<,m.'rRA; ;@:1.-1.1;.-\-@;‘g<§-;-a 

A _

f 

' r — 
_ 

— 

_ : 
‘ > . _

- 

' 
- 

; 

~ 
- 

_

I 

’ -, -, I 
_ 

, - 1 fr; ~;;;:;¢ ;:~;_::—; '— 

' Y vnderthe “ ' ‘ 

"I 
.-

. 
., M W I» Fl rom the DCK t0 e D_D’_A,_ am! U§_€'»,3i*-1!3'@1§?i‘?§_1_ 

’ I1“
. 

It ,..v O .., 
, . I

‘ 

noreind-2' Sub=>roject' >'~;33;‘_;‘__"h52.: ..-2-51: '_ $9;36Q§QO"* 
” ‘f%* 

3 _ K 
_ =-'d_~go_ ____ _,_ __ 

of the ova‘?-all F§.‘OjE»Ci1_&fi§.U'L:;:R‘l\;§‘f£1¥;{{:5_;':3,,;f;:,_§Q§;r5:’-1;?V7i}r1}E}#§;_iE 
-i 1;" _ 

<su1>pr<>ject’s _e:'-:p§nse‘s*ai1d_s_hpu1d be”¢*1a;g‘e;§1:<gj:as2 § ;- __l;1_g§.139Q-_39Q‘2‘, ‘L 

Ctmcuzu

» 

_ 
V 

~V 
_ 

_,~_ . 
_ 

I _ 
- . 

‘
‘ 

_v ~ 
_ 

| . 

-,1 0 

‘
_ 

..¢@----.,~.-G .._--. .. . -I . .... - . ~ 
- V

v 

V, \ =
. 

¢¢¢“§_.~=- _ ___ __,__ 2,1 _,_,_____ __ ____V___ *5 ii Yl it; :_ __ * — 
f-la U) U W 

' -._'. ._._ .,-,__;-.¢- _QQ 1. \A _ — 

Goncur: - 

‘.0-\.-ax--&.-1|-~ m.»-... -\-.9-==----‘-<\~<;=-1 Q---19»-~. -»--Q-._ .“~.._._ .- -.~. <-~-.' <—. ~. _ 

A ?PR€;-Vi-IE1‘ FOR G3 1;i'C§,-XTL OF 

¢,»~,.fl_,;.;.._=-.N_>.. .-._.,_i-§=¢-.~..u._. ‘ -1 \ r 1 ‘\ - 

Bat 

[‘:i5:,:r:.n!ion: 
' ' 

.

' 

O*r' I‘: 1 _ A-idseasee 

9 . 

~71 71, 

e‘v.m1>:~;; ‘ K‘ .

' 

(,2-uef.-DD1£ /1.:,1>W f"""';*”‘ ** * _- 
. 

'- 

_., . » 

,. 

__§_____ ‘, __ ,__ ..- -.,_-;-_|§§=.-..-.\¢»..Q-_q§=.@..~.,‘~-_.-- -2“ I »_ _ _ 

2 V. ISDI ' 

_ ___“ _ 

____¢,“_____,__Y -‘lJ!\J‘\QW““ _. _ . . . .‘ . . . ‘ . .. 
_ , 

» 1+ —— W 

V 

. 
_ 

~ . 
V 

7 ,___‘__ __ __ 

= 
‘ _______ _ r



ssvlsgn 7' 

D5t?_+§.8 Februarlyf }963 _ 

B1-anch_____?~‘1§ _?__. fi Category. _ I B1°l°3.5:°a1.1$Q?_r5y 
7 

S3? t;?e‘m5 
hf 

j j 1 i WWW W 
Project Tatxe/_~,<2f_!€i;;I1<%1‘B<l$_~~»< _ __I:&*c1fifi¢&ci<>n;;;;!JY\<=1*1=-’*$1fi@2,lR¢lP°1“@-‘=»L ~ 

Project Cryptoé; , _:§KULTB15CSi1§Q?#7133%€l;§;€€Elia§$ifi§a1i6njQTQ U“?-‘1a$$i§$°¢ i 7 Z 

~ f gr _ P __ r 

_‘ _ - 

_ 

' 

j 

_ 
. _.g 

Contract No» N-AP _1 _ — — — 

‘ 

Type of Xwditiéteaji 12~ Ju*—1f3!él~.9f€J:_ 
>h

_ 

xv, . ; 

Cost i

1 

Puqiosez To prov1d.€theservicesof\nd to; sI1I>1>9li32_1?esearZch Qrxj"ijj_jjj~jj"f* 
" fundar-jse htalfrficzliani sms*o1FT\1 ,_tr_a;;§£QQI§§_t1on *by,, ”_IfCf W‘

' 

cont1*-:=.ct>may_prQv1d;§iby@p;'odfi6t’s*Q§éf\)1 for’?nlaterialwieteri0rat16h’fT**7T7* 
appl1éat1cTrY."Tf’*’"TW U

_ 

5 _ 

' Ii_,;_ 1 ', 4 - 1 

Status: Current andjatlsfactor 

SOURCE: Inten§a11yj_generate_d I,‘§q\1i1‘eme!1t—t-0159811 new ~‘-mi ' 

better: oi‘ béJ.hé)‘y_6pp11cat,i0n. " 

» 1 , 

I 5 
. ; . . 1 - ~ , . .‘ ._.:..,.T.v,.._-a_v_,'__.‘___’,...._..- _ . _ .. .‘.. 

_ 
._ ‘... _,

‘ 

~ I 
'5 ! 

I 
' 

I 
J" E 

‘——, 
I 

, , _ __ »_ 1“ , \.\
; 

| i __ _ , ,_ ,_ , __ " ___V_A "inf i I Hiiiwflwfl



- ;-\ ,“~r. 
V

" 

payable 
in the amount oL$

2

A 1 

amount o£1$9;

N 

-I . 

‘_ 1. 

hereby acknowledgé1iéEéi15t_oLth¢_Iqlldivjngi . _ 

Oct 11,; 

o%0”069 

"~- ._ 

Dita

I 

—’/_4;_*/__ ; jg



_ 

_

W 

_ 

_

_

W 

_ 

___

_ 
_

_ 

_

M 

j_

_ 

_ 

'

_

_ 

NW

V 

+ 

W 
H 

i 

;_

_

M

T 

_

_ 

: 

__ 

7

7 

_

H

_ 

J 

7

I 

___ 

7 

_ 

,7

A 

$___‘2

_

W

7 

T”

I 7 
_

_ 

w 
_ 

I 

_n____::_u 

n___°;_:__ 

:___ 

muwm 

W 

F

W 

“ 

L 

‘

I 

W;_:_:__ 

__i_i:______

_ 

__ 

ii 

jf 

__

_

_ 

_

‘ 

fig 

_7 

W_H|_ 

Wm__:8~__i~ 

W: 
V 

WW 

~H_ 

H 

”~_~

_ 

WW“ 

~7

W

w 

H 
_ 

_

W 
W; 

_V:_

%

_ 

_;_;_ 

_:

H 

pi
H 

Z; 

_:_fl_ 

_m3 

__ 

:__ 

___ 

__W”" 

_ 

_____fl_ 

__WW__ 

_

_ 
_ 
__

_ 

I“ 

__ 

:

1 

5 
if 

WT 

_ 

77' 

I
W 

;_ 

W

_ 

___=_‘_‘_ 

“_ 
_ 
_‘_ 

_ 
__fl

_ 
_ 

__‘_‘__

W 

_ 

_

W 
1
_ 
W: 

_H:_ 

L 

_m 

W 

___;;:__ 

_i

W 

;;fi___m 

ll 
W: 

_:__ 

if 

fi 
L 
:__ 

__: 

____

_ 
_ 
_;_ 

_ 
_*_ 

_,_ 

___

W 
~‘_

_ 

N?

W 
L 
gs 

_;

_ 

_W 

__ WW 

T_ 

”__W___ 

___

_ 

W“: 

<_"

> 

_,_:‘:_ 

_ 
_ 
_=_‘ 

_ 
g 
_
_ 
_, 

_: 

_
m 
_ 
_ 
_
_ 

_1 

_~‘ 

__

W 

Z 
_n 

:_ 

2 

if 

;
_ 

W_ 

iii 

ifl 
ii 

L? 
if 

___"7 

L 
j 

717 

_i_ 

___ 

_m 

_ 
_
_ 
___ 

__ 

J;
_ 
:_
_ 
__ 

__ 

L 

_ 
N 

V:
1 

__ 

:__ 

_ 

_:_’_ 

_ 

__W

_ 

N 

f 
_”__W__

_ 

M? 

_N_E“ 

WW; 

W“___‘tL_ 

__

_ 

‘_ 
__‘ 

___ 

_W‘ 

_
_ 
_ 
__ 

_‘___~;_ 

_ 
__ 
_ 

__ 

__ 

_
_

_ 

_: 

_

N 
I 
_,:_ 

__:_ 

W__1__;__, 

_;_W 

vWW__,:;_W” 

;_M_W_ 

Nwfmyflfi 

_: 

:_ 

I 

_____fl__W__ 

_ 
_W_ 

_
_ 
__

W 
L 

___ 

V

V 

M 

_,___€_1__,

’

_ 

W: 

’_' 

:1 

5 

_’ 

W‘ 

V-:__W; 

L 

_, 

__V_ 

__‘_‘W

_ 
_ 
_
_ 
__ 

_W__ 

_ 
_ 
__ 

_ 
__ 

_ 

_

_ 
_

y 

_ 

N

N

_ 

;__ 

‘fx 

___

_ 

_ 
_ 

‘WW 

‘ 

‘________

N

_ 

W” 
W; 

__

T 

r_V 

_6__,'=_:_ 

,”

_ 

7_

L

7 

1” 

__i_W 

I 

__°__ 

,_~._: 

"W 

M 
_____:_ 

_____ 

*W,8___°____ 

W

’ 

_ 

_

_

W

H 

:3: 

W 
M” 

___=___ 

”k'°'_,H____.°u 

__“'"_;_____w__ 

IV”

i 

If 

I 

_g__:__F3‘_m_r_ 

___wrT_____w"__e____.mD_u

L
1 

_ 

”___‘W__"____g_“"flh_____'___W_, 

__N_m_ 

m_;2_UU:Nu___;°_‘

_

_ 

Mw_N‘___

T 
i 

Z_
_ 

N 

‘Danni 

___"_ 

A 
7:3 

fiM__fim““_ 

_H_“__H_H7_W7H:__ 

I 

____°_t___umg

W 

F‘

’ 

_' 

uh‘; 

52 

__8u___ 

__‘55u

’ 

621:“ 

(2 

___ 

saga 

gs 

__v_____: 

i 

W’

V 

h____3_____ 

mg 

=_3_~__°______o__'___ 

\h_‘n 

WW 

__m___|_LO 

N__

L
L 

N‘ 

3 

__°_:_E 

‘En 

3
_

‘

‘ 

g_____ 

_2__:

» 

=_= 

:_= 

N 

=61 

2

_ 

:_____“§_ 

Hfl_M_ 

WFZDQUUK 

__:5 

____J___a____j___fi__s_“_

_

__ 

WW 
_ 

_

_ 

WW 

__ 

N_____ 

=2 

5__u___°> 

W
_ 

W

_ 

T 

M; 

__u___u_>: 

w

_ 

2 

fi_:_____uE

W 

7

7 

N 

w 
_

I
fl 

1 
1 

um: 

mzmguxw 

Nut“

W

w 

‘

‘

I

_ 

_ 

_

_ 

_

_ 

W: 

W;WlmA~M 

? 

{f

J
W 

_“ 

_ 
l?

_

“ 

W 

H 

_” H
_ 

W 
HINUL 

>%_ 

ho 

__:_____‘fi__h 

__ 

,_, 

‘W 

La 

m_”_‘__>Nk_________% 

_“_uN___£_w_ 

S
_ 

H, 

7‘ 

N" 

_E_(____ 

__

_ 

._ 

- 

__ 

f 
_ 

_W 

V 
VW 

":7 

W
_ 
V7 

_ 
_t 

_”_ 

W?

_ 7W

_ 

_ 

”_§Oumu;° 

_5_m2>§ 

job’ 

Qm‘_flh__1_5u 

W: 

W; 

_ 

N£mk2£$f‘m%:u 

_°fi_£g_::: 

__°_:@___g

W 

W”, 

__ 

WWJ1 

_W__l_"7 

"H_ 

,W 

, 

,

, 

__W

, 

,

, 

__ 

_,__

_ 

Y 

H,‘

i 

T jW 
W: 

__ 

fl_ i_ 
1; 7 7
N 

?=___ 

_‘_§u___H\UQ__3QdH&°ugM__h€:__ 

Li”

J t 

_u|_9__J_(>( 

ml‘ 

g_5“___£__§_u

_

fl 

__ 

'

_ 

_ 

_

_ 

_ 

_ 

;__ 

) 

>

_

: 

1% 

W_

1 

£__ 

3 

_H_ 

W___:_ 

_:_:_ 

L 
1? 

____‘____7i__‘ 

_______Tfl?_ 

_W_ 

__ 

__ 

____"__ 

__ 
_W__

J 

2 
_ 

_j~ 

_‘__ 

__ 

7_H 

‘ 

‘J 

_

W 

V" 

:_:§_“’__°2_._’j_‘::‘W:____=1_‘__ 

I_°_\~N“.__:T&°V“”\“:___ 

_W 

_ 

1 

1” 

V:

1 7 
HA: 

J’ 

__ 

;
_

_ 

1,,” 

W

’ 

_

‘

Y 

hf 

if 

_,

H

_ 

'___:_‘2_:_____~7k_______°____ 

22 

______ 

V._‘M_h__V\L_:° 

_E‘uH\";‘flQ__°__[u_&__ 

Im*____w”1g_fl___i%______=L9“¢2_‘__u_m 

__ 

____ 

_
W 

_iP(D 

_

_

_ 

}" 

____ 

I
W 

T___:__§_n_ 

wk‘:L

_ 

3uz;g 

mol?_;%__;giwumi_> 

__ 

i 
_i_:i_

7M 
7:? 

ME 
L 

_W;_ow>m°~____L(H

W 
_ 

_; 

L 
A7‘ 

7__;

_I 
N 

7> 

__ 

:7 

_~

W 

i 

:_M__” 

3 
g; 

ggg£2; 

:22;

f 

iii 

1_;;_ 

if

E 
;W 

é j
W 

;_

L

H 
W_ W 
i 
W, 

LW
_ 

E:L 
is 

Wfl__5__~°__ 

___>___h§_____g‘

H 
__ W 

_W_ 

__ 

__ 

_

_ 

_

_ 

_ 

__ 

W 

__” 

__ 

H_” 

__ 

:___;” 

_: 

if 

”___M__2(W__‘°”____°A__ 

_______> 

_ 

"N 

__ 

_____”_: 

W 

7"; 

,___~

W 

:_

_ 

__,

_

_

_ 

i 

ifiiwi;¥i§g&E?;?T9g€ji;i:%Z;€ii;;f 

ii;;*W 

_"_ 

___ 

:__ 

_V 

:W 

_WW___ 

V_ 

;_ 

W___:_ 

“my 

__V_"___W"_V_V”~_: 

V, 

___V

_ 

"_ 

My 

__ 

__ 

___ 

V_ 

"V 

W

I

W 

W_

7
Z 1 
_H 

j W: 

F; 
”_;i L_ 
Z 
__£%§__

W 

§__ 
H, 
W 

WW 

W

_ 

\_ 

_: 

___, 

i 
if 

;F___Eu_=_n 

"J 

,:;Z 

Wfl_;__ 

i_ _
l 
ifl 

Z 
__:_____:_W

7 

i______°k__ 

,____F__a__u___ 

2 
W__ 

_N 
_T
T 
if 

5 

u¥i:d3t___8u___5 

‘Z 

F290!‘ 

3: 

”_ H
_ L 
"W 

i
L W
7 T
_ 
__” 

__:_ 

L‘_‘____._I'=_“L~Wu&_$~‘°~1:‘-W}___HE°Y\_:Q‘TWu_€T‘ 

Q;___T___”_:_j5_‘u____-__3"‘:_T“__‘____ 

Kg‘

_

W 

: 

,_ _ 
___

_ 

I

I 

_‘_______.__ 

‘_____M 

“____8i 

_;’8 

&___=______ 

_i_____ 

25: 

__€W___H 

_-°’_£’$_s_u_o_l§“ 

2‘ 

15 

35: 

€L:i____:_‘ 

‘__:_i__:T___‘ 

V“ 

mw_U_§__9_ 

§__9_‘___m5_u 

no 

m__:____5 

__f 

K 

Ugsqg 

‘__‘__‘_“_§______ 

bi 

‘Q 

‘_______ 

_= 
_____i 

‘__£“___g 

‘Q 

___:__‘__i_:- 

ks 

uuig‘ 

:1: 

__e 

~__i_“u. 

‘Mia 

8:. 

M 
*2: 

1_:_“

E 

iv_kzD___>‘_u‘u%é_EQ__Q:

i 
:51 

ffi 

f:__:;_~; 

% 
;;_ 

2 i
F

1

J 

_

f 

__ 

ID 

ugfififig 

§_g_< 

__‘~u_£@ 

fig 

FEB 

auggzouofl 

5 
98 

3 

@$“E’_°uu< 

IN2; 

“flan 

MN 

:0 

nmkku 

ho? 

E_s_H_&N 

$3 

>“M.___:U_~ 

%2______ 

2* 

oumo>5 

Mg 

uvgokgégw 

§HADg§ 

mcgna 

_H_W%°_H_ 

7|}, 

_ 

'_

H 
____ 

6§g“wwu__“Nm__L 

3____E 

"3 

mo§_§_ 

gm 
Egg

‘

_ 

Mm 
k 

‘{~*

‘

9 

_ 

>

A

‘

b 
_ 

___

_

_

‘ 

wk 

_ 
_

6 
é_

' 

_
_ 
_=

‘

, 

V’ 

_ 

__ 

InQ 
Hm?)

: 

kw 

i
_

T 

2 

\:____ 

=__ 

GQ=°c_:~V 

_°___‘__u__g°>_ 

3 
G 

Z302‘ 

$2 

QOMUO

m 
u__‘_:

\ 

_ 

_§“_____ 

_ 

__‘ 

___V

_ 

_

_ 

_

_ 

“»,___‘__._ 

_L___‘ 

2

_ 

_

4

a

_



7| _ ___ ______ 7"’ 7 _ 
~ |

/ 
=

" 

<'“\ -*'"‘~. »

" 

_.._ I 1 _ 
‘

a ’)\_
Q 

1-.*?"?K:: 2'= F1"-1* . 

.-L .\‘ ,..:.: is 5. 5..-J‘? 4 

.,.:>“_\%,,: ...-I 
r Q §~-_, 

.~§‘_—- .4 ‘.*¢..‘\.'i . a ‘ n 
~ \ 

2.4 Jul 1962. , 
~ :* ~_:..- Y kn‘ 1" 

A-=1..,\.-3.»,-.<:1~, ..,“1-.- 4,‘-.4...» ._~<\, ~ .,.~ =:-‘--. _-.-.=¢.-'-an 
.v 

in‘- 
I“. 

:1 
7.‘.-_ 

,:'."s 1”} 
_:_,. 

sf»-* 
a»

- . .\
. 

~z 
"1,-, 

~.~

1 
wfll 

3.-'

K '-'.¢*>';= 1 
.1; \w‘.x~< ¢ Z1O 1‘-I Ii 

.-J 2; ,. - - £2‘; :5-fig" 

.s~.~,. 
pv» ‘a I. 

ii iii -4
; £7; pin ~45 '; 

Mu 
$11 5“ 

r.» 
".'* 

.,..\ 

J“. \.F c, s. ,7, 

I1 iii 5.. ..
. 
‘x 

2' 

Pr." 9‘ 1331 , 
._ '4?-0.’-_1£d\I :\‘_‘*\n\':A--\.-or 

,f 

III: 

41

1 -1 2 

r- 
. mg 

l=.~ ..".=. ~d.:3fi :-"--K’ 

ii‘: 9‘). 

I7. "U 

.r.\'_‘t-1*».—- ‘.--‘,- =. I ‘:11? 1;'=§‘..~* fis ' =~ -' \- 
-. 

:13- -14 Y»
" 

aw" 

Q: '-‘=1 
\,. :I 

.;;;=;; ~ 

1
~ 

,- ; 
... 

.. 
,__ . ..._,'!‘ ...-.~- ~ ‘ 0" W ’ “ _‘:.: ':‘3‘= ,1.) V

I 
1;‘ 

.,.. 1"‘; >. L.» i;.:\ , W1 
, 

1;, '; '-> ’._’,-T 50:2‘? §‘C~' ~’;;:..£. ._ .. ,1 -..‘-~. -.~ ‘ It 
"1 1‘: T--1: ~‘\*" ‘£1.13 Y5, ,7 j_.\ W} 1 - 0 \..."

L ‘\
w 

;..-v, W.

. 

:2‘ 

in K I‘) 3} I.» 1» 
5r )1» 

- \ 
. _ _.‘ _ . __ _ __-,1 I >.V. ' .—.B-._ 

'1‘»'_,-C3 '-_~?.i_rf-3 '».‘.>=.~ '12‘ .2. -;;:'; ii-~~"“ _' E.-x. = 
3.“ 

-1» \(5 ._¢ 
' 'x_ ff .51.“-

. 1 J 1.-1 
‘Q 

.,. '1 ...1 N. 1-_ 

, mi‘ I 
1 

J‘ 
$¢_:f:.~£-_-{.G F~.§.;y ;=;;=:_;:i_ ;-L11 W“§23M?f§(9:_TQ9___;§_;,,,, 

* 
-. F1: 

*‘ 

\. 
v’. -. 

r"? 
2"“ i9 !'*»‘ ~.'..1- 1 

6‘! n '5» .»
. v , 

.. 

'~ " ., 
- \ ‘ .- . - -, 

‘ 4 --, P-. 1 -~~.a 
<_l-_ LL‘ (if? 1‘. #2.! *.?<.§ .. I \ . I‘ -K J.»\'

Ix ,4 'x 
‘K > v- . , 

"P 1 *~ 
1' ."i=1 Q ‘.]i‘?,§"‘ Q» 1 ’ 

i._ 1 :‘._:;-..' ~; ;*.»1.‘.-§.._Lzx > ; 
“ ' A ‘A -¢ 1 '~|

1 { 

~2-
, Q, 

1 , rf 1’? .-. an 
. ‘, ‘a-,~ -‘ .

i 

5

. 

.. 1‘ fans: :1. 
_ . _ -‘ . , ¢ ' V-'\ . P 1‘ 
. ’\.P¢.-1 dz -,.. ,. 1-: 1 Q:

. 

9,, M
n 

1.. H .1

»
,
: 

-1:1 
11*- 

‘L 1, =-';~-2; _ :25’: ~

N iv .~ Pl- i. 

1‘ — ~ 

’k, ,_, _;,,_,___, ._-.,_ ‘a-~:-_.. ~.»< .~ --- 5 <1 s 91' -fin
_ 

Jk. .’1<¢';Z(‘{ -
~ 

, §3}f.;* 1‘ ‘.-$2 " ‘ 

Acting hiQf»}SD_ 
‘._—.;>..v.\ -:\I' 7- -~\— - ' - 

_ r _ _ ‘ ‘ cEPy;_:\_~'§-2A? .;(JDT3'AR_§ . , 

§§§§:>7M
. J 

H‘ w O- 1 
‘T ulcxqjp. -2}‘; ¢!' la 3:1? _fi 

_- --t r 1 -“ ‘gfi; :-;- “. -.__£. {L .- » 1" l
, 

1», ',.
. cl - .3» ,

¢ . 
k...

1



\ - 1

0 

,-.._ 

\?>"§>:=:§5 7 

- 24 .3 * » e 

n:aiAi1:1:r_;;_;__ _ 

UL £62‘ 

MEMORANDUM FOR: 
SUBJECT = eceififition of*M1‘§UI,-'T_R7‘7i $\11_>Pt°.i¢>_¢9,1}3f*f e 757 ****W 
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_8 
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H ____ 

— ~— » zvl 

this progr%am;f0r_the_§§¢C>>ndYiéif wi11fbe$9, QOQQOO towhich mustebe _a._ddeWc1H “W 

$360. 00 which repreesents a 4% siervice to be retained bye 
h " 

The total cost of th*e”15i*”c>g’r*a_.1'r1r therefore ," wi11’ii6!t exceed $9» 360. 
00.*Ch*arges " 

should be made against —Al1otment N6?’ 312511390-3902L*iT7l*f’*"’7"i”ii"’*’" 
" "* 

4, It is not anticipated that permanent e¢;_\1iprnente0_£hel{e§11Q~11 ¢h_a1:Z 

listed in the budget Wi1l’be?f€£Ifiir€d for this Title to the
h
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equipméht listed will be retained b§rf_;t§;_ __}:ie<q _of highpr 
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overhead ratear ig ~ * * 
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5- ; 

ting 

are reignbursablejfiwillconform to 
the

' 

- 6- > 

and wili reméin: imwitti;1g’of ;t}Aié>"t¥iie”1i5.tifre 
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Jifié1l4§TW1962 

Pu ose of_S:qd ;:”,;: 1"7_ _ _ 

The purpose o£Ttbi's7prioposa1” i§"”5Ti-é&‘;z1e’st“fot financial;suppgg_g;_1E_;_;;Z_l _____j 

to continue Barf invest 1g&§10fl"Of:Iii€iiQ12i8_1_, a_cJi£§1gi marine_,manganese"??****" W" 
=1<>du1‘~=-==» and rerriseyygéiiéié1‘§l1l§isi§%»Jk1};h,_§b§l Pti-ri¢,iPa1*?1flYé8=i 

83 '10? has Bel?!” P515U1ifiifiiilfifi§:Y@1'Y;i§Ql1$il€> 

materials is results; during 

<. ~ 7 
' ~ \ —~— — ——— — ~ —

~ 

' .5 ,' -‘ » 
"" “‘ 2», , r ‘ 

V 
' 

- .77.’ - " 1' ">' 
7? - 

‘ 1. ". 1 
, 

-‘ 
L >1 :~"'-=.""¢~'>v». 

1 . ., , 

- : ;,_ 
' —_ . 

' 
- __ - ‘ ~ ~ 5.1- ‘-’¢; -_ ,-_ ,_:;-. _ __ _ :___,., _:5_ ‘ 

__» 

\- 

,\ 

the current che W f A 

Q; S1~=~= 

'11cc1e is knwwniabéixLlhicro1i{5_1;mi.ne_r§_1£1’§T!§_Q§\‘I§!Z,10l\5' and in v1ew*<> E 

current 

mining engineers;*soi1*sét€ifi§ts, oceanogtiyheis; etc;§+1fiTthe subject, 

this researehgshould méfie a v§l§3b1§"ConEr1bE£l06”€o"sc1enee;;;;” “f” 

§gm% I1 9 f P“ ';Jl>‘ rk 
8- B8fifef191°QLi9i§fi_'111=3§8l@l§iS1€§§Wl LQQQ? 

Attefixpts were_madéil:6;éVéY1iIa£e_the_tli_1§_ii®_1§,1_f1-Ora from 

unsterilized, crushed“§fi1f{d€‘E16€fé1s by enrichméht in mineral so1fi1£§fiIQ___ _ 

The following mifi€f31§‘fiéié Stfldlédi“”51abéhdit€}"arsenopyti;e;—bprnite, 

cha1cocite,~cha1copyf1te;_cinnabar, cobaltlte, cove11i€é;"€flé?gite,_ga1ena, 

marcasite, brpigeg§,_py;§te, pyrth6;ité§;Eé31gar, and sphé1éii£€YTi0f ,these”___ __ _ 

minerals, on1y‘coba1titéj"éhargité;"galena, pyrite; pyrrhotite, rea1gar;*** 

and sphalerite yielded microorganisms. ,F6f?the1most*part these organisms - 

were hecerocyophic and probab1y‘repfesented‘ééfitéfiinants. 
*’** 

ll1phcvmj.cr0b71mq,____1SOj.8E&<‘1__ff§{§j§3lg3_lf, repeatedly isolatedw *7 ,_ __



\ \

~ T 3 
\-33-55 

I 
_ 2 5 gr 

from sphalerite, and gtthrobjeter, isoldtéd from cqbalttte, galena,
_ 

pyrrhotlte, tealfiifjuifid sphaléftté fii§”t6fl§t1tGtéW§art ofTETKGTEE1iTll:TTi:fi:T444fTi 

f1ora.e The to the mineral 
— 

i -am; 

with which they were fbGfld*e§§6ei§téd rema£fi§"t6’b€’estab1iéhédI1L;;1;mW;Q, _ _ 

After surface=ster111i5t1on,_§9me4g§_t§g_§§gye"m1nere1"su1f£de§}"fj1 fi7fi ,i 

utxon when enr£ched7£fi§E1fiéi511Bb1 _',_,,hEVE”y1é1déd’ifofi-0X1d121fi§”§fit65f’*”?75’f77“’Wi7f* 

trophs. The5eim1fi€¥éIeiinélfidéjéisenopygifig,;Py§§§§; PyI§hQ§i§§,,gh§l:;:;,;;,_;”4;~n 

covyrite. err-irslteLsalete>,,21eL<;§,§1Q.,e§&4j§>hé}§€F¢F*‘A*= ’11e?§fi°m¢ of 
* ‘ 

the isolated bactetiélféfié1fi§45?€7fi5fif€§f?1€I€dQtd a diet ofjlron f5f4i44444444f44* 

energy, but caniuse:su1fQt;Q:; probably; some otB€?’ox1dizab1e meta1§T”774w*4’"T“7W*" 

The ab111cy;ta;gaow an §§y;§§:§§§f§§Qve §g}§§§§ minerals was tested 
’ "”** 

by inocu1ating;§g;§§tt¥”7 *i;1ef5;m§1es in oxidiiihg columnsiwith F8YYC'?“*”*’f”i";_ _W§fl§F9 _ _ . 7W_h7Wee 

W_T_"”e bacillus ferrooxidansjrendfittefifiting"t6“?ét6ver the organism ff6fi?€ff1fiéEt“’"" 

feeding so1ut1en_eyer;a;;peri6dA65 two menthb,0t[morei**So<£ar;*pos1tive 
‘t 

results have beeniobtéifiedjMith"5Y3efiopy1;tg, eg§;g§te;echa1copyr£te,‘“tf _’
_ 

mareasite, gflena:py§,1t§ett,_pyr_rh6ti€éi?idf§§>h5lfiiteZ?Néfitivéfesults We _

\ 

have been obtaifi€dQfi{th;aI5b5fid1t€§ bornite, eebaltlte, covellite,*cha1E6?’“”’*‘”“’” 

cite, and one samp1gj9§ig§I€fi5TiiC{fifi5beYj“6€§ifiéht; and rea1§§?’§f€”bé1ng’e " ** 

currently tnvestlgeteqil; 

7 In addition*to;the EdfiegQingfqg§}1t§tj§§fi6ik, quantitative stuflies fj* h_ 7 

h 7’ 
d 14*’ f on t e rates of?6xi ét bnj6lj§yfi§hg51t_Qg2$;eg§;Q§tgra1iarsenopyrite”are* 1* * 

,

* 

presently be1ngjund¢tt8ké5ifQE;Qm,Lh§§§H§LQ§l§§:i§_h3$ b€¢0me C188? that e 

synthetic Cu2§;§§§¥§§@§§§§§§§§W§tH}ee§ti§fi”3§”faSt’by"bacteria than"by***"**f"?* * 

autoxidatton, and”that areenopyrite can be mote rapidly oxidized bye_:e_:e:<e:T_ _: 

bacteria than:by?§g§g§iQqt16h;t‘Réfiults with theW}étter material are not_” H e e 

yet sufficient to establish 36 éxéct rateitomparison. The precise mech—*****“**" "

:1
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t 
.1 

anism of bacterial oxidatidn remai,ns_ tdt be: e§§6_b1iS}ied.;—.Thetwork_jw1th*§ffIf. 
7 

A _; LIT 
synthetic C1123 to doubt, that ; ’_;f_: 

ferrpggidang Ecm-rox18'lié"meta1é"6ther_than 1r_o,n_. _ 1

’ 

b. Manganese 

Oceanog-rapheirsihavéffelt"pretty_§trohg}yin the; pastthat the"tori§'i.n‘"f“’_f 

and deyelopment of s_ T _i_T_Tf:h§.:_' aceeinst 
’ LS;3tttlbfi,£3b1fl,_!Q_,_ _;_,___ ____; ‘ 

j Vwwiij 
’ 

: 

'7 ‘ '5' ' 

. 
‘ '; 

. > 

> V 
purely physiéochemtcalgrocessehHowever 

t§;ff¢1_a;&u1§ manitc j“ifYQ8¢Tfi;;1,!1_!1Q<!9l¢§I t 

1 ;_;;?: 
cbncluded thétbiélcigieal*€g<@;1é,re;;1nvQ,1i{édTi3\Znqdulagenés1s”ii;;AJ:;h1s,_;_ Q _ , _ 

suggestion, the_ptinei§§L*investi§31§jj§ttémpted "Y£1fidl6fiEjif;§§EI§i1§“""fW*"“”“W CO _ _ , , _ 

might play ai t61é’i1nith1s _ 
~ 

"3' 

in the nodulérisubstance_afE§iE:f§§I-'§§§E;%§QlL1i§€!§:i;Q§!*(8 t‘0Ug11Y_&S_§_i§l_§;§é__’§§’ , . _ 
Present is 19§WP§I§3?§m)»t>§h§YQ¥9§}E§§§7A@h19F9b3°§eFI7A!5hr°§§S§§i5W7 

B§c1_1_1us , §:_ 1; ~gvibacAt;eriirin_g SA@>_1&jrIococc}1is_,_t_Vfl:g;f;*<g; , ax; unident i fléd T66 , endfjif Tfff _ 

an unidentified t’¢6ctcusf‘t‘ The" p1rt1_._r54§§lj_1gy§sg;§§_g§t§‘% sht<fi1éd:irLquai,n,titat!: £y_e_:; fi_T_1,ZfTi; 

experiments that nodinlarjubstance can a_c1§o_r_b_ mamgancus i.on<_£r,om_s_e_a__w5_£_eJ', ,;___ ___§__’_t__ 

and that this adsorptionj.sfi_§§§Q1gr§tg:d_ g’tQ¥l,fI<>_fl1 Ch!‘-L;_; t__%___.§ ; 

nodular material .'Tf,Th?éC€é1et6tiOn of 1T1K§zEJ§” iotradsorpt 1651 is ‘,EXp_1_3_ilifiIff:;__ 

able on the basis that the b§éter1a19Xidi2§_§h9 §Q$§fb%5 mang§pese;twhi¢htt
" 

facilitates Edrthéf1i3d5b1‘p_t19n_1_9l,t!i>§083fl5‘l19 “‘5“831\etse.~1iTh‘eLa¢ce1é‘rajt1bn 

requires the‘ presencerof peptofie? to pgmtt j>a¢te1:_1;a1 development.__j[_f;_;;;;;jj;_ _ 

peptone and glucoseare present; manganese isfiieleased ff6iT’thé"i\6du1ai“"’t * * 

substance rather than adsorbed, atleast in a net, e_ffeét;‘ t,Since”somefJ‘U"
t 

nudules were apparently initiated around teeth, ear bones of whales, 

pumice, etc" in the ‘sea, attempts were made to see~1f oyster shells can 

adsorb ma.ng:imous manganese and thus serveas posstb1e’fcT{:1 bftnodules.
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and Scepénov" on ‘the¢~one<han*d,**aid 
o§T:hfith'éi'””’”* WWW 

. JP 

, 

‘ 
,, 

It was found that wtheydo _ad5_g;7j_>7 
did not stimulate this ‘ 

adsorption (no_bac_te_tj_gEre*presentl). f§>x*W3§M§_surgeyAQ_f_gh1§;Lgg;§i;2;;::i:71;; 

has gone, thiesenbservations wi.th {aspect to mangamgse;nodu1eS_l1§!§__!lQE,_,__ _ _ 

been reported b€foréifj*‘f;;'f<—*— — i:';i::::': 

gelrtiingrgg }ij:_e:aturg§;3 -;;,: '7 ‘ ., H _ , 

The early ,§~i;§!1_m}9*§9¥>_§*a]¢ action fen _ f f ____ 

been covered by Algxanfigi*VQ)i@l:§_’;i§§Yiew by Liiélikbya __ ; 

the past important work 

ferrqoxjfians;£E;%rQ§1§-}1!'?_§,§_§i§¢Eiia5°" °fT1i"“<5Y'?0Xi<11Z5-T18 %\!_'§°,E}'_9BhL“ 
“

, 

--i-——-—--. U _ 

__. ____ 

with natural mineral b”een”in<:1_i6E§téd bi.-j Che¢WOI"KIf0.£ § and bY$h*=§_F§6€%PY§lL!w(_§)I2L§§¢fif!§‘§§T>§i§1€i¥*§?€i§'?;§?FE€%‘? 
B ryner and And,€€éfi\i(§) » _Ma 19;: Efi<1”B¥'a tér" (7) , anq 

:‘£\’i;=m'c>1\7 ;" N_a’tg_1rvyak’, W 
“ * 

’"fff;f f f L7 

about a l‘D8(.‘l\3£l'1Sfl\TOfi"§j1—',éi"l‘3’1‘,,S\l1fj.('1¢
T 

chalcocite ,= and ;sphal“€iI'1te_ ‘,’fj_§f§;‘§§ft;q<;<;i N6 p1'év1<iG;€;stud 
1:e"s“bn‘ ‘bac teria " 

in Qowever, OX1-' 

dafion and beenknown f0r*so,me*~ti.fii<§;f”An%—i — 
important qqgntitatiive stuqiy on 

metabolism ~ * 

is that of Mixfiéfid Quaste1?(9).__ D§s¢:igt§ons*ofinanganese 
nodu1es"are*given 

by Murray (10) and Dié_t2?(11);I1A ch’emica1*and*ph§.:sica1 
s,tudy__pf1*zf6d\i1"e§_ _ 

was made by Bfiind Grugtter (12) IT" The" finding zofiifganic nitrogen in 
nodules was Gtéham and Cooper*(1£+)”;*who~ _ __ 

also suggested a bidlogical otigin*of*th*€*nodu1es 
oxrthié’ basis.
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A STUDY;O1’Ll:11,&15!~£AL§73lBP§N§§'Q3M13m',‘_1‘qQ§§URGm1SMST1?“ 
* ‘ 

Purpose:% 
The nrojggyipggpoheg he_ _ _ 

- ' 
m_ , "WT@ 

information on,the*m1crob1oI6§1Ga1 §9rt1¢;pat1on in mineral , f 

transformat10n., On1§7s6anty khbw1€dgé*is§availablé '

i 

this field at the present time.” The‘workfwil1QooneiQ§£;W,m,WW_;,M_;; 

both ecoiQgiQgLj§EQ_§hysi6logi¢aIf§®§@6fi§éof the pr0b1ém;Y#<¢¢*1*I1i<* 

The findi”gs;5houI§TBE”a"yQlfiibl§j6bfip§;pgt1on"to funda=?”W"1 1— 

mental know__1’éT<lgé_”;]1fi m1crob1a12>gjy_, geo16§;f, and allied 

fields. hTh€Yféh6fiI§‘élgQ be a valfiéhle'oontr1bu§1ma%_m_WW%W_W_fi 

to pp&0t1E§1:KHQEl§§g€ in thése areas becguse ways*may 

be shown to harnessiSQm€i9fjt39$em@19F9°?S&n15m$f§9;d9h;, , 

useful worKiIQn;££fi]h§fi6h‘§§‘§1ding ifi“theioonvens1on:9f:T:T?iiii;<j* 

minerals ofjIfifi‘€§5fi6fi{6‘Vé1ue into substancee;ofjh1gh%_;WW_ __ _* 

economic sI'<>‘-l1I1s*1i’s><>@. ’ " 

from i 

some bacteria, &lP9Qdy”knQWfi*UQ"8fit&0K*O€P€$§h~m1fl8Pa1€,¢444;444%444_ 

°a" T J‘i?”f;§ 

they deri1e_£nQm thé"oxId§tI6h‘6f the miheralsg*(1)i4<=+—~¥#+++>>>++— 

This organic;m, LE? may then*1fi"turn”§§;Ye as food for__ qt W 
,, 

other microbrgan{ém§1¥hi§fi,mfiYf5§i?€?§7§iP@¢tly;9r,ini;::i::i5gg;;:;; 

directly as"f66&:f6f’M§n;h”f"“””"“***“ ; 

Fromipreiifilfiéfyiinvectightions by the sen1or11nYes@,, 

it has become apparent that 

forming miuroorgan1émé"§ré”intimately associated withh , 

various types Qf_@1fi§Y81§1niThe pPQpp$6d research 1s_@ 

deeigned’€6‘fo116w7up the Iéfidfizfromithis earlier hh 

to delineate $1eafIYTfH€§€fiMrbnm§nfiali9fid functionaI“*““‘******‘"
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I ’ Q"— '—— 

interrelationships~between mifiéfél habitat; endzthe m1croDrz;31;;;_§j” 

ganisme __ H
V 

ObJectives:M~w _ 

8) 1§¢1§€1.%r organ1_ame;by,enr_19hmGrit‘ 
"

, 

aQd*pure*cuIffiY€*fi€fh6dé: "”””*; 

f - 

Z.4?ff5fifdf§1flég€;N£§§f5_§fn@lQ§Pé1*d6pOSiIS4QQQlQ;;i;;;;;;_;_ 
f" 

b) A ;g11_qhgm1_ca1 _€J-$3311i$L2L;_;;Q;’fTfj1Y;§;_ er_ ”mfi*_ 

var19us_min§ra1 eubefances*by“énriehmén$i6ultifesji”77*i?“"”f 

and*§uF€T€fil€6F€§?=*The mineral substances w1lI““““““" 
1QOIifl§:if:5f,i"’iH’i””7”"'”" 1 

1. natUra1ZfiifiE§£l§;éff*;;;:l1fg 
2.;;syn§n§iie<m1nQraléjjfffff;"fj§ 

<=) A f *_ 

m1neraI?§H5§fance§'by*micrQb1al“i$o1ates. **WwM@T7"?; 

Plan of Research: 1 

a ) Ifilififiwwotixienz-J1 ll§1:R_1?lY?§_ ¢*11Yiii‘BB*b:1 
* and 

pure" cu111§Ei'€'tiTé”thodé”.”""" **" 1
‘ 

Microbial enr£6hments—w111?be "_ 

cruehed"6Yesjiother;m1néra1Téfibétances,=and:§611§*byf'”f ** 

percolatibg*nQtr1ent‘saIf4§blut1bns1through"perco1ét1bfi"‘”* 

¢01umnS ohérgedfwith these mater1?1§?fiThe;ef£liBh§QQQ§; _Ww 

éalutions w11I*béiéub6ult1r§Q;iQ appropriate 

fiedia, sueh"ae*1ron broth (3), suITfi?‘E?6fE‘ffi);"*““"”**"* 

broth (U),*nutr1ent broth, etc.



/ . 

Mierob1a1‘enr;chm€nts will alééfbe derived ffi6fi;f1ask Wm” _ 

¢u1turé§‘prep§red by Zr 

m1neral%gub,‘gnQg5q_anQ]QQ}Lgéyifih,a_nuLEien§%5§ll:lI;;;Il4fil =t_ _ , §*__ WWJ 
solif16flil;Mibrob1a1‘éfi?1bhments 
from;m1ner31Tdepqsifis willwQ§ffi§Q§_0y,inOQu1§§{fl§7l;i1§ _ 

eu1€ab1é_!9Ififi§SQiD§Q”§h§WY%El99 se1?5fIf€ii€d1&%l;i1W;¢s 

a1r._ yisilefl 0tn§;;§n:i9h@, ,me%hQds2may*be used sad _,, J _ entw , 

és theyibec6m€?§§§f6§r1éte;" The oresiand,o:heriiiiijI;iiif” 

i i 

z 

EfiiEififil§§f€E'fr6mtthé“va?i6uszenrichments w111*‘”‘""fi" 

be=prepgn@ai5vi§fiFe@kifiEj§nj§9;1§iflédilngfiéifii; anQ_¢;___fifi 0
_ 

ongan1o;me§1a;;whenever possible; Ifi;QasE§iwh9 §f~W~”’ 

D
W 

I‘ 

he1thePihlQh1Y§§”W1fI€H “g§§§6f:§ili6éf§é1s_WQPK f H H 
. _ ?,”_ _

» 

a a11m;15n;;gQhn1gp§_Q§;Qg;§§l§§§ivefiiQQiQ1i§Qi§TiiTi7TiIZI 

by_§pQg9p;1atp morgholbgical"éfid1cu1€i?éI*65§€FY§t1ons;j; _ 

Atuemggg gn;5g;ahI1sfi1ng tH§”€agpnom1c;1dentity at Z1; 

b) A ssuay1oi;xne,Qy§n:g1l*Q5emi6§l;§@&1vifiy on var10ué*::@ ~<W¢ 

mineral su5§€ancé§76y%efi?1bhment ou1fifires*end pure culifiréiffi?" 
with * 

enr1chment"cu1tdres and pure culgures acting on:mineral 

éubstaneeaésféknownfoompogition. <Ifi“theeefwtud1es,_ 

Qualifiéfiiféménd quantitative measurements w1ll‘be madé"‘””*** 

6n substrate decomposit10n,_product accumulation, changes " 

in titfiatable acidity};pH, redox_potent1aIY‘E6fi§Hfi§fion



"» 1 

nf*activ1t1esi in enrichment cultures with activities 

1n%pun§;Qultfi?éS;6fi;i¢@Q§lQ§l€Q§§i@ “111%i§Y9Ql@Fh¢@§§?>~lr_ 

th§*oooperat1on of*m6ré"than'one"micnoorganism is WWm_mW;__* 

requiredifor a given traqsfgrmat;on;;;;;=;;,:;;;5;, :,f_ 

c) A study OfQtheim60hgn1gm5_Q§;§§§1§§fiQ§'V§f10UE miflBP@1?T”Z?%;%;”” 

substances1by*m1cnob1a ‘ laces ” 1 190 , . 

Thelmeghggigfiiéfiact16fi“bn”Yar;b@e@m1neralwsubshra§esii"” 

by nurezculzurgh" l}I:Q5_1Qy§§§§§9§Qd*by the:use1of;1;; , TT47?‘§,”_ Hwmw 
Snandana;bhe§1¢g1i%bibehem1oaI7‘§fia 

The exper1men;a1"ap§i6§oh w111”1fi6Ifide*afquantitativélénalyélfiim 

of the:aetibhfpn;pg;§_@;g, §l_9_dnqgndéiicnsolnbléffiormswww<~i * 91‘ ___OY1{__ 

of thefcations and"an1ons of whiéh"bhe;res§ect1ve"m1nera1€ 

are ¢omooseaiffinaififiixfiéznncprefiicglly Poesib1??1fiferméd1atéB§f1W 

of metabolism:2£Suéfii1fiformat1on will be%reqg;ped;f§§ th§;*;;;;;Zi 

formulZ€1§fi:6fT€i€éhéme that?wouId"expI§Ifi Eh: 
" over-aiiffihem1caIfi€§§§iQQW9Q3§PY§§g, 
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Literature Rev1é§.*""f”Tfjn1*"*jn * ‘i 

A number ofTF€§6Fté”€x1st in the litergturenaboutum1cn9Qr8&Qi§Q§”W 
_ 

, ,__ 

which seemjto_be;QssQ018§§é_!l§hL?£9Q§§§§§”9f @1fleT@1<tF@“9f°Pm&V1°fi‘ Q 

In many 1nétaneesj*the rnnétion which these miernorganismeWpl8yMi§WJn*, 

not known GP“D58;b83HTmiQIDFQPQPQE§§Q”WTb§i§011Q!ingil§;QQ§l§9Q§31QQ__” 

of some reooris on m1oroo1a1”€6ii0n on mineraI§‘66fifi6n”1n‘nhture"”“"*"” 

Sulfur: l 

An inspection ofétne 7€h5€dI€I6nf6ffBérg§y§g,ggnn§;;9§;+;hWWi ii 

Determinative B&OBéD1QI5§i:f§Y§§l§ §h3§‘§§§§8B151h&!&;b6€DIQjifif7i~’W, 

335991339521n*;he;pg§j’w1§Q gulfqfflp;}§A§§§QS;&ndWP§fi@§§lQQ§ill{Zl1N4QQ 

The Th1obaéteriaceg§_1n9lfi§§:E§@5§I§l1@@fiTKEV i‘eeH:enQnn*vo oxi- 
_ 

W W V ________ = 
e; O 7777

_ 

GIZQ variona<f6Ffi§‘6f‘€i1ffi?“mbf€”?€dfi6€d‘tnan;snliat§;"*Tné§e”W"
” 

organisms areigllifibligfitély or réanltnc1ve;§j¢ngns§n;cnrapn;¢.i 

Most are stvi¢flIil§§:obl9;f§39§9§Wf5?*!5l55?QAll§§§§@fi¥E?1f1°a"8» H 

wnioh is fhculiatiiéIj;Efi5j9§yfiihQ§1C?ba6terla, belonging §o yngfifl ___* 

dnlorobacteriaceaejanu fine THI5Fhb§§§§§§i;g§ve§beeniShOKfl;I9WH5§ffif__ 

inorganic su1fur—éfifififiindéififfiiilqfignjggl tenaeireductantewin _ _ _ 
, 

7' , , i 
1 i Zxw, 

ph0tosvnth¢s1s- @M5Y€4§@§§$1§D8P15i§§j}h§_§S%QQ1&LlQQ;Q§_Qi8U§£Wn_@"é;M 

'<>am»1a. 

Their assdciaxioniwiin snlfu? is lérgeIY”6§sed?5fi?tfi€i66E€rV8E1QB ”H_wn 

of intraoellfilarndéifiéitron orT€fi1f@f”gfén&1es:iiFhflé$;éb§I¥©l§§Q_,__”W 

have reoent1y;Sn0wn;in§§‘BQ§§1§EQ§;§}§§l§4§ct1vity_on gngrgg jg _ 

§b§§n§;"at'1€§§t‘1n”1aboQatory_cultur§i(3),UH» 

Ine soi1j?frééniandfT I 

marine watersj*and*su1fur depoéite (4);" In at lean; on§;1n§§§nQ§,;; 
4s._~e'"' '— - 

a sulfur ox1d1Z€f”fias seen
n 

(fossil dung) of rne Triaesiowneriod f&1Pl¥;RQQ§nU_EBEi€W"WW 

of the sulfur bacter1a*1s'cbnta1ned in (5)@4<f~<<_fWf<~4<,”TT,_,i_T_,,w 

Su1fnr;n§§n§;1on_n5§ been n9§§_e;teng;v§ly?stud1ed in f 

relation gg the deeq1fup15gflgW5f<""<<;-~~



- -2:;;::::;;;w¢fl;;:j? 
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the Spiriliaceae. Members of this genus re§uce_su1t&te€; j;;jjj; 
. I i 

th1osu1fates;"sulf1tea, etc. to hydrogéfi*€fi1fide under anaerobic ‘ 

conditlope, of these bagtgria 1nc1ude_s§ll,Zs§wage; u 

water,oil-bear1hg_g§g§§g, §zQ,_Zfl§§§g§§§_§}soua§1§n§;QL;§b§ji1;§;_jW"Q; 

phys 1 01 ogyi oI';_the_S"e_;b§6i€1*1T*aif§ ;<;9n_t§i9e<1§~1n~(6 . 7 ) - 

gran comoounda;?1 - 

The interaotipn or bacteria with iébfi compounds wag Qpse v§§;jjf; _WfiWW_Wm_ WW? 

as early as'1888§I8Y1 In this wbrk; a €heathedTbaoter1um;” 

gq_9J5<>1?__i}g1XL, was <>j:>serv §d?t”6‘d€i>i6§_}j:;1:§}f}jh3lQ1§Q!£l@Q}’§;;l1Ei1§£flQ!:,:_ 

It wa%be11eved,thit,fihe org§g;gg@gg§ig§§gQ§utotrophioi?getting 
1f§”””' 

energy_fofi"carbonidI6i1Q§Q§§§l@il§Pi9Qm§€¢m;the;ox1dQ§1QfiT§i”f§??¢Q5_Ff 

iuon. Howevenjitne"cnemoautotrophio natureéo' HI€I6FZ§E1g@_Qfl§ _ _ 
. _ D 

_ ___ w _ _V __ iv" i r 

many other satggtggipnilyflp;9yeQ_;gmmH+;if: 

the 1. igmz ; <>r:<5u1~;pi\;e;e§:r_m , u_nQ€r‘s 1:a;1c_1;fi§gijiq1j ~phem0au,fi9i51‘_9P,!)¥ ;A1=TY";77f7T 

present mseems,Mre;1i1x§1B§§_L*11g5§§§¥h@¢ b!—1<>*=@1:1@ (°‘n1&m¥<1°- _ 

bacteriao§ae;*Cf€fi6fEt1cg9§a§)»q§pQs1tff§F;1d;hydF6i;deTfrom 
ferrug1noqe;waters,i§;§h§1F‘éhé§tp§;g}§§§gt;mexabol19jm§di§$i9Q1jfii:;j 

The same k1ndWofijf§ff1Q hY§f§X;§é;§§§6§ifi§pn*1s1be1i€f§d7t§ft3K§:fif 

place in bhe_oase_9i?th€TSt&IE€§5h§§§§ri%f(Cflul0b&0t€ri809fl8)- 

In their case, too, itiiéfétfifééfintvqgegqioned‘Whéther"ohemoauto- f 

trophy 

emepm on 1n4m.1 sj;1@1c:m§1§@v,;11§ig&l_11m@ ya’? ’ gggmggqgiaf ;g9)- if? 
Among enoapeu1a£éd"ba0ter1a (fllderocapsaceae), tne majority 

of tne becteriawseem_§QfiQ§§bé1€~§§§i;§;b1§rox1de"in tneir capsules 
1

\ 

or outer ce11;aurfgE€€*by the"*Mi 

genus j§_[\:_§ihiS t§g1_1_?_ff_¢?§!;<}{§e ~ f¢rr0*1e# 1‘r‘<>n* by * W 

strictly‘cnemoautotroph16”fié€fi€;*at a very acid pH'(10).__Thié*7
” 

genus is probab1i‘F€1Ef€d*t6”th€'Thibbaéteriaceae (1). The
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reported habitat;£Qr a11‘fiheé€*bao§er1a 55 gron-bearing 

Certain iron ores”a1§6“§€€§”t6‘€ap§§;n”§h§@;(11)-7 '_ 
’ W* 

organic eait_combffi§ti9n;ll2)L__§Q9D_8QD9P&;&SI§§§§§i1QQ;g,fi:::ff%;%%;; 

Aerobggter, Rseudgpoflge; B€61lIE§§‘€f6j‘€Té@ableftaibring fihl8f]1j;Tj 

about by diggwg 1%-1 B8?§!§_¥jE§?;<?£E‘LE;293?},Q? of '=*\H@Y"=- 

myoetes of 

out such fiwz 

by microbialiagenigl; 

common, ta31ng?p1&E6jiQ a igdfifiigg §qv1g9Qment*at_aoid pH?fTTT7:*%*; v 

created Howevéijj3a§}}Ii§f§Lggg;€fi§f§§fi;;;;;;;;; 

reduce ferric 1iBfi”through direct metaboIIQ 1nS£PAQ§iQQ@ll3)i:Q;QQQ 

Iron sulfiflesimay*B€*§?€61p1tated'tnr6ugn ”_ 

hydrogen 
sulfide tramfiorgan1¢fenII§f“§§@p6gp§g_py"y§r1oue_cQmm9n;b§Q§§£i§;IQQQ_ 

yangangse Q0mD0unda;;;;:?::wTmW??w_m_
i 

Manganese/has oeen aasoo[§t€d with m8Hyf°ff§h8fsIfié?5C5§S8C886’
' 

which are oi; ass 1011 - —1n-genier§*1Te*v idence 

is lacking for metabolic d€§€fi&€fi6€‘6f this manganese;pr591pLt&§iQfl_W, 

(1,2), a1th6ugh"Béi]é?1fi6k refifirtéd“16fig@é3oith§bWs9m§;fiyng _W 

- oacteria anfiiffiflgigff§mM§9il:§§fil§Q9§1§}!e;manE9ne5e”9fl1Y§te °P~4”” 

manganese earbongigf(h§§erQ§nophi98llY)l(14.15); 

seem to oe>abie,to reduceim&nganBa§M§;§31q§1undeFY0nnd1ti6fi§7wh@rB w , 

this comp6und_c§n;§Gt as an e1€6ff§fif€§6éptor.1n place Of 

Qnastel and*Sch0I€?I€I&‘(16) réported‘6fi*§uoh*a"prooess€iiChemo-" 

autourophicnmanganese;Qx1dat1Qnmhaaf§€§n;rgported*by1PF§ve(l7)7ff”%‘” 

and by Saitory and Méyéif(18). but gontiffiétion or tnese observations 

is _
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_Q2EP°r °°m§°“nd§i4~ 
Transformst1Qn~ot,ooppen%9omppuqgg;g§§ been reported;by;;;l;_ 

Ciferri and;Seanemua;1;l19),_Hurw1tz_(20), QHQ,BPynfiPL8H@i;;;;:_;_1fi 1 

4/,~.».. 

A- 

Jameson (21).~,0n1§?1netfie*I§§t 6? fhese €firee;reports;doesWW Wwefimh N 
evidence exgetmtnatpenzymatic action on copper:compounde;1e____i_____,” 

involved; 1n_r@,¢1:,;_1:ne aes¢r1eue<1f*f*“" 
as onemnautotrophsLa1II€fi1I§j§fi§:§Q§mQ§Q§9£r0ohloe1r0n;ox1d1Z€fe. ** 

In tne f1rst_twe_repQnIe, metabolic end§p§§du6té;are,he1dfIiiTiT?i¢_lM* 

respone1b1e—£oh;tneltransrormafiion of insolublelQoppei;§QmpQQQQ§;_e _ 

_ __ _ ,1iQl_}7‘l-'-‘<19,I‘1‘»_l;I11l Q_"Qm1_3;Q‘-1l1<18§3*;fi*:f”7Q7*Ii:”;:,iIe ‘ 

An wea@eLe;2§§eQ;;a91§eQ2:22?In@§23=§§?<>Ph1@~ 1P°fle—¢Xe1¢1ew1e ee 

has been digeovered tb"he aole to oxlqlze 

(M082) 
sulfate and moI§pd161§§1a;W"fi6§n1ng;tQ:§Qer*eeeme*to be known 

about tn1snmrana£6rfi;t16n;W***e"""jje e ;_e 

siligates; _ 

B ~e1* * ~ 
from a oound1et§t€iineaIfifi1num siliiétee Wneni§ne;9ngen1§m_ism___W,W_ 

growing 1flf8fpO§&S81QmWd€fI51fifi$_QDYiP0DmBDte(23)@<;A$QeP51l1u§W
e 

niger W _ 

satisfy itsipoteesium requ1Fements‘(Z#)- Acid formation and ins W 

subsequengaacuioneon_tneWmineral§I§fibh&b1yéaccountsirorMuneipo¥”T1 * 

taesium re1ease;“ ' 
z z ‘ne;ec1as;may include‘6§nbonio,”organ1c,e I 

4 H _ , 7 , 

nitric, and;sulfur1e;ao1ds.§;_*”e‘ e”e_ 

This Iiterafiure review is ifitended to bring out tneefact¥*> 

that m10raorgan!§fiiIfiE§ibFIfig?Bhbat mineral transformation in; 7 

two ways; by"d1re¢t enzymatie"1fiIé?a0t1on,%ueual1y causing oxidation 

or reduction; or by;;pd1reet aot1oQ_§prough tne production of 

environmentalgeondifiionsewnicn oromote nrane{Q§mgg1°ns tnrolgh A ‘-- l i 
‘

\ I
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tne productioniorienv1ronmenta1TO0flQ1t10ne;wnion promote;;H Z 

non-b1o1og1cg1;n§ture. It 1§ tne;fin§§_§JP¢—¢f transformation -51;, 

which will oe;evressed*1n tfi€’prOp9§§fi”KQRkIiilfIICWfIQ7f]}I,7 ,_,_ " 

In q@ite;ot the impression tnat 0§r§&in prob1éme;or;W_;;W”4;j_ H 

miorooial minerglijngngigpmgglgn have begg1reQo1Véd{jm6féf?T?”““"“‘ff 

extensive inspection of tne"pent1nent Iiféfaturgéraygals”"""”””” ”""__ 

oontrad1ot1¢hs;emTh:§e examilgs bearing 9Q§€ne‘pr0b1€fi?Of ¢&6r6b1a1“T” 

action infminenalisnlfifiéjirangiéifiéfilénwfliliibefl01€§dif5?i111fi§;i7*?7’ 

tration.
j 

L8&$h€Hi§§t§l::1Z§)_Qlfi1médftfi5t 6ney;0ou1dj6bs§h1e 

Fszr Qbaq 11:1“ Q11 lléififii 1118 1"°@*@ P1 F? - 

Both thesé;m1nengls;have the same com99st§ion;iFéS§1£;WIfiey attri- 

bated tn13*d£TTerenoemin actibfi or the beater1a;to"aid1iference 

in crystal étruetaréibe§v§en_marcaa1§e flag pynit§@, 1@fi.Bryn¢P __ 

1:; §\_]:_. (2_1)anc1cou1o. onzpyg-igige 

by 2- Zenggoxi&§fiEl§:;§;Ql2§§l¥Wr%I§?§d;ggga91em,;;:;;;;;%fTT:f‘44‘:;;; 
A second’unresolvedfipnpblemmcog;§ngg_;ne;ox1dat10n_Q£___________; 

1 d 
“ * * * F *” -‘* W‘ 

mo yb en1tefl(21).f In this work; an organism 
Qxggans OKidiZ€dl§Q§;miQ§E§I4T54§iIfQté and‘malyodic*ac1dTi*T:7***‘*:* 

tne workersigssumed_$fiQ§_9ziQ§ii9n@QT_§§@’8&1fi?l55mP°flfifl3§%9ill;;4__ 1 , . 
_W 

the mineral"aceoun1§§i£on;;higQigggiggglH_They,over16bK€d**;"***?f5?7*‘ 

complete1y"tne*tact that_mo1yoaenum had*1tse1f;unqergon@_gn_ 

oxidation. The—question tmzs arises whether"tne bacteria 

directly reaponslnléfffifimblybdénum;ox1qg§ion. 1 _ _ 

A unird*1cém"0rwconf1I6€i5§*informat1on concerna"tne ~fl'H 

renorted an111ty_or ¢,_WW , W” 

with agar (26). J§ae§6fi‘66fi1d non * 

observation ;;:;i 1 ~_ ‘
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It is_tnua,01ear_xna§;eYen1on;;no§efm;@PQ°PS&"1@m$if¢BWHh1Qn-"me_ 
extensive inform&t1on_is;g!g1l§bl§"6buggrglng*FH@1P_PQlB in ”””;:me 

_ 
mineral tréneformation,_f6iflh§i”Wrkf1$1neeéedlfblélarify various 

points of 00nf11oting_ififfiffiétiififii'”"f1""” 5 
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