
;\ fju;mtitiltix*e gits-IiclUitl ~.~ilT’0ll~iLt~~~r~Ll~lliC 1lWtlllKl 1lil.S l>N!ll ClCVc’lO~X!C~ fOI* 

tllc ;111i11~~Sis of tllc IIiLSl! ~:oml~oSitioIi of rilLmuc:Icic: iN:iC.I imcl cleo.~~~ril~oIIiIclcic avid 

I1\~C1I2~I~~s:ltl!S ilt tllu 111i1~‘l’O (I .O IlIg) ;Llld s(:nlirni(:ro (100 I./g) lC\I!lS I-Jf tOtill nric:lcic* IlCiClS, 

iLIlCI it suIIii-clII~tIitit~Lti\‘C llll!tll~ltl for micro SiLIlll~ICS (500 llg Of OilClI I~ilSl!). :\I1 IlIliOIl- 

l~SCllil1l~l_! ~~ll_!iLllIll~ ~~rO(‘C!ClllI’C? tC) rwn)~*c: l)C!~(‘lllf~t’iLtCs, l>llOSl~lliltl~S, illl(l OtllCI’ intcr- 

furin:: j~l’c~~ll*c.‘ts ~t_!ll!itSl!d cluriiig l~~drol~~sis of tllu s;tl11pIL’ is inc~liiclccl. Sil~‘littic~ll 

Of till! I>ilS(!S \!‘iLS l.~OllClU(.~tC!Cl in il cloSc!Cl I’CiLL:tiOll \‘iiLl \vitll I~iS(triIi~ctli~~lsil~*l)- 

trillll~~r0ilc~C!tillll.iCll!; u+itlI ~:lIrl~llliLt~l~ril~~ll~’ 011 IL IO lV/\V “;, SJS-30 IOO/IZO IllCSll 

Sup!Icoport c:olullLI1. I'lircc! clil'fcrciit rilxmwlcic iLC.:iCls iLllC1 tiV0 Clcos~~ril~oIiiiclcic 

:Lcicls \Vl!t’C! ~Lllill~‘%CCI ilt till! tllrt!~! lU\*ClS. ‘J’llC wsults ilt l!iLCll Ic!VCI \Vl?l’C! prdsc! Lllld 

iI fiOO(l il~I’Cl!1llCllt xvitll Iitcr’iLttlrc! \‘itlUCS. 

‘l-%xxiisc of tlw iiil~lortu~iw of nucleic: acids to tllc gmctic cc.dc, iiI~m~* rcscawlicrs 

Ilil\*C sturlictl tllc l~iologi~:iLl fuwtion iLllC1 C!lll?IlliCTill StrI.lc:tUr’C! Of tllc VilriOllS niiclcic 

mid (:oIIIpoIic:Ii tS (Iniririi! illltl I+*rirniclinc IJilSl!S, niic:lcosiclc!s, ilIlt I~uclcoticlcs). ‘I’llc 

l)iol~gici~l fuii~tioii of ~l~o.~~~il~oIiiI~l~ic: xicl (11,X2\) rw rilxmuclcic acid (RS.4) 

<Iclmlds 011 tl1c: I)ilSC composition of tllo pr)l>*nlcr iLtlCl tllc! SerlllcllW of tllc IXLWS in 

tllc l~ol~‘rlll!r. 

hlilIly IlWtll0ClS for tllc cictoction of tlltJ nucleic wicl c.:r~lll~~oIlcIltS llil\‘C! IlecIl 

tll~~~clopl!d witli \‘ilr~iIl~ clcpccs c.)f cluaiititntion Ol~tiLiIlC!Cl, ‘I’lwsc Iiictliocls include 

iOIl-l~S~ll~l1l~~ ~ll~OI11iLtO~l’~Ll~ll~ l,‘J;’ COIIS’, ]JiLI)CI’ c!llrolIliLto~r~~pl1?, 111. VIBC~IIISJI :\SI 

CII;\IK;~\I~I~2, lxipr cll:c~trol~lic~)I.c~i~ by (;cmrx)s ASI> ~~13ICllt\l~l~~‘, tlliIl-lilpr CIIIUIllilt~~~ 

grq’lly (‘I’IX) I,* 1;2..\SI)151$:\‘l’lI’~, IJillll!l’ ClJrolii;ltoBr~l1~li~ ilIlt time? of fliglit IWLSS 

?ilxx:troIiudr~* by S’rr.ii~rm~ ~tl rd.” , ZlIlCl gilS--IiclUiCl ~ll~C~I~~ilt~l~~il]~ll~ ((;I,<:) 13s’ iVAC~;l~I?‘, 



3-G I). 12. J..~\I<ls(‘;S, C;. \\‘. G1:111~1~11 

l-I:\SIII%I.:NI: hSI> S:\S:\ISI~, c;I:II1cI<I: ;\SI, Rl’\‘J.P, illld tllc xutllors of tllis I):LI)c1’~‘. 
JI;mJ’ of tllcsjc nlctliods Iia\+c Iwc!ll usccl for tlic itn;il>*sis of tl~c Imsu eon1.,)ositicm 

1.11’ KS:\ iinrl I).\!:\ li~*clrc~l~*Satc:s, ,-I( hvc:\w, 
lw Il~~cllY~I~Zccl iIIt0 IJiLSclS, iiuclcosiclcs, 

hcforc ~IIlill~~SiiS, tllc! IlUl:lC& iLCiCIS IlllISt 
iw Iiuclcc)tirlcS, ClqwIIcliII~ 011 tlic: t>*pc of 

I1yclrc)lj*Sis cii~l~l~~~*c~l. In I!)Oo, ~j01~1)~\s1~~ prcscntccl tllc Clil'lcrcIit tijlx.5 of Ii~*clrol~~sis 
USjctl to ol~t;LiIl tllc \‘iLl’iOl.tS Ii~oiimwrS. Sillll}‘lc I’IUS 7C.l I,!;, I-ICIO, IlOiLtC!Cl ii3 ;l (:ll)Sctl 

t1ll)c: ilt. IOO” fO1’ 40 riiiri l1il.S I)ck!Il ilc(.‘C!lJtC!d ilS tllc IIl!St li~*clrol~*sis ~mmx.lur~: to cJl3tilill 
tlic Iniriiic iLl1Cl l~~*rimicliIiu IXLScS. Coriwntriitccl ~rwmi~: ilCifl or tt’illtic,l’oilCC.!tir.: witl 
;llSO IliLS I>CUll l2llll~lO~c!Cl to )*iclcl I):lSC.S. ‘I’0 OlItiliIl tl1c ni.ic.~lw~siclcs 01 ntlc:liwticlc!s 
11111~‘11 iIiiItlcr II~*clI~c~lySis (:I mCliticmS iLI’C: IlCC~USSiLl’~‘, il1lCl i:~~IIl.l~lctc~ ~.:cm~wrsi~ )I1 tc I c!itllc!r 
tllc nuc*lccdc.lcs or nuc:lcotitlcs is oftcii not ;w.lii~!~*ccI. 

~Iilll~’ ixw;ir~*1~ws, invlucliiig I-II:I~C;C’(~b’l’II ;\Sl.) JIK_X)l:CIS~l, ~1(~SJ;\I~l~ISO’“, ilIlCl 
:I.I:l:C’l~ c!i ttl.“‘, Ilil$*C USioc.1 'I'l,C ivitli Sl1t:l:tI'ol~lIotoIIlCt~iC Clc!twtioIi allcl ll~lilIltitilti~~Il 
fljl’ tilt: illlill_t’SiS Of tllct l>iLSi(? ~:oii~~~ositiim. ‘I’licsi! riiotlic~cls arc time r*imsuiii.iil~, wini- 

C[Ilillltitilti\‘l!, illltl tllc ~LlllOI.lIlt Of SiLlll~)lc is filir’l)’ Iiu’#! (IllOI’C tllilll I00 /./g). :\I1 L!lC!~:tl+ll- 

plifmtic iiwtliocl by IPol~~~ot~sI~I (If t~l.',~ giL$‘C! il ~00~~1 ~llliLl~‘SiS 011 il rninilirunt (bf 50 I./K 
of tOtill IIS:\. HIli\ :\SI> I<ltiji;l:lc’” * Ill I$)7 tlSWl il ~*otiil~in~~tion Of ‘I’I,C illlcl clwtro- 
pllwmis Cc 11' nriclc~ditlo i~Ilill~‘SiS Of KS:\, btlt clicl Ilot (‘IlJti~iIl cllliUltit;lti\‘C Cl:ltX. 

C;I.C, l~cI(~ilIlSC: Of its s~XX!Cl, scnsitik'ity, :Llltl cllIiI.IItitiLti\‘C? ilS}Jl!lTtS, app::ir~xl to 

IIC tllc IX:St Ill~tlIOtl ;l,\‘iLilill~ll! for tlIC! iLIlill>‘SiS Of nuclr:it iICi<l I>ilSl! l:oIiipositioi1. 

In IgOfi, i\l;\c:GI:I-? rcp~rtccl 011 tlic alIillJ*SiS Of I<S:\ I>>’ (;II(.:. ‘I’lll! Si~llll~ll2S \\‘CI+l! 
11~~clrol~xcl ivitli pcrcliloric iLCiC1, fOlll~\V~!Cl I>>’ i0ll-cSc:lli~Il~c! (~l~illlll]~ t0 Iwiicnx! tllc! 
iIitC:rfcriII~ coi~i~~mii~Is;. hl.~\cGl:Il Usctl tlli! X-lllutll~~l tlcri\*;itit*C!, \vliic:li Ril\‘<! iiiultiplo 
IIciLkS for SOlllC Of tllc IIilSCS, IJUt IIC \VilS CLl>lC t0 I~lItiLill (lUillltit;~ti\‘~.! CJiLtil, I4;\SIII%~‘~IJ~ 
r\SlJ S;\S;\Ii17, in IcjOS, rcpcn?cxl tllc ~LIliLl~‘SiS of RX;‘:\ tlsiiig tlict triiiictli~~lsil~~l (Tivl$) 
clcl*i$*ilti\tl!. ‘I’llc iiiwleic.: m.:id IViLS I1>*cln bI>Szcxl \vitlt p~wliloric xic.1, illld tltc cSCi!SS 

puwliloric: iKZiC.i \ViLS lmx:ipit~~t~xl wit11 KOI-1. SilJ'liLtilrll \ViLS iLr.‘lliC\‘l!Cl \vitll Ill!Xillll~!til~‘l~ 
CliSili~Zi~llC! (I-IhlDS) illld tr’iiii~tli~~li~lill~~c~SiliiIl~ (‘I’hICS) iti pj*riClini~. Single }X!iLkS fl)l 
ill1 Of tlll! lTliLSl!S \VWC! Ol>tilillCCl, iLllCI cllliLlltitiLtioIl \V;LS ~f:‘l~d: hit, 20 lllg Of RX:\ 
uxrc Ilccrlctl fat’ c;WIl i~Il;llg’SiS;. ~~l+ZllltI<l~ :\SI‘) I<l’\‘I.P, ii; I$iS, l~l’lW.!lltl!Cl iL TlWtllcKl 
for tlic.: :llli~l>%iS of 5 lllg of 1%X:\, ‘I’llt.! iiwloii: iWill \ViLS Ii~~clroI!~zc:tl \vitll p~r~.*l~lcwii: 
ilclicl, f~.~llo\Vccl by lmx-ipitation lvitll KOI-I ;IIltl i0ll-CSl:lliL1lg$ c:IC;lllUlJ to t’C!lll()\‘C till! 

l’lll)Sl’lliLtl? il]l(l Sjugilr. ‘I’llc ‘I’MS clcri~*ati\*tzs Of tllc I>il.Sl!S \VCl’c? f~U~llll!tl lvitli his 
(t~iIIlctli~~lsil~~l)i~~~t~~lidc (13S.A) ilIlC1 lTlllY~lllilt~~gril.l~)llcCl 011 CL11 SII-330 COllll1lll. ‘I’IIC 
lll~tllOCl \\‘;LS c’ltli~n’titiLti\‘C_?, I,Ut 20 ',',, Of tllC? llil_SCS nwt! lost duriri~ VlciLlllllJ. Ill rC$ic). 

Jou )tsc’)s ~9 trf.l’i rc~~ortccl on tllc iUli~l\?SiS nf IiS:\ using tllc T>lS ClWi\*iLtik’C Of tllL? 
Iitic:luosiclcSi. ‘I’lli! Iilctl1ocl \\‘aS Clu~ultiti~ti\T, I>Ut tllc SilIlllJll! sixc \ViLS IilVgC. 

Since Illi~tl>’ I>iologicxl Silllll’lCS ilr’l! iI\‘ZliliLIJIt! oflljf iii ni.icrqyxin clUiLlltitic!S, 
tl1cSc i~li!tlic.dS iL1’C Ilot USefIll to clctwrninc tllc I>ilSC! cxm~p~~sitioii. .A IllC!tll~Kl SViIS 

~IC~C~CC~ tllat coulc~ clctcrminc tllc IIilSl! compositirm r)f RNA or 11X.4 at it I~iolo~icidly 
signilicitllt Icvol. \Vc rcportccl il G1.C IlllAlloCl for tllc sil~li~tioll ilIlC1 C~lIroIl~iitc~~r~il~Ii~~ 

of tllc puriiie illlCl pyriInicliIic I>ilSCS ict 1lliLCIW (100 I./g @a), wIni1nicrc~ (IO pg @.), atic1 

inicrc~ (500 rig @/j,) Ic\TlS wit11 g0cKl clU;llltitiLtioll iIt XII ICVCIS". 'I'l~2 prposc of this 

j1~vcstig:~tic.m \Vi1S to clcvclop IL Ill.C!tllOCl for tllc iLIl;ll~SiS Of nucleic iKid Il~dr~~l~~SiltCS 

at Inacro, scminiicrc~, wicl inicrc:~ Icvcls. ‘l.‘lh \VC~UlCl incluclc tllC! Cl~V~l~~l~lllC!llt 21: il, 

clC?i~llll~J pl’nwcllire wliicll would give quantitntivc rccuvq* Of tllc 1XlSCS :Lt tllcSC! 
Icvcls. ‘I’llis clcitlluT> mctl~d, with tllc silylation and GT,C nlctllocl cl~\~clope~l carlicr, 



\~0111cl lm)\*idc! iL siliiplc, (1u;iiitit;Lti\*e, illltl CiL.sI: Illc!tllrd rot- tllu ~lllilI~‘Sis i)f III’.! IIilSl! 

c.:l,iiil~:,.;itic111 lJr RN:\ illl(l 1).X:\ in :L Sm~l~~Ic size! i1S simrLI1 ilS j 1/4g ‘,r nilc:lc!ic.* w:icl, 

CI.IC:\Sljl’ ;\SIJ ;\S;\I.\‘SIS 01’ ICY:\ ;\SIJ US/\ 

:I ~pr1Ytrlrl.s 
;\I1 I’ ill111 ;\I 40 2 I3icwlii!niic*ril KilS Cllr’Olll:lt~ l~l*iL]~II (1.; antI 31 S1:icmtiliv, I>i\*i.sicm 

‘,r I~~l~!\~l~tt~l’il.~~l~il~~~l, ~\~~Ol1~liLlC!, I’il.), wlI~i~)pwzl \Vitll ClIl~ll ll~*tlV)ji~ll tlillll~! Cl~tl!l~t~~l’S, 

tviis iisiucl iii tllis iii\*cstifi;itioii. 

l’llr ~!lL!\‘iltC’(l t~!lll~J~,!l’iltul’~.! l’c!il~‘til~tlS, it SZlllCl l’iltll \Vitll it \‘ill’iilI~Il! tl!lll~~l~l’~ltLlIT 

cc.111 tlYJ1 ( -j; 2,O”) \VilS ~~Ollst~Llf~tl~CI. 

StilllClill~Cls iLllC1 ion-c~sc.:llilrl~:c! ~.~I~_!illl~.!Cl nul.:luic.: ilc’ifl Il~*Cl~lll~*SiLtC!S \Vl:W tlricxl ‘Jll 

;1 00” Ililt IJliltl! \vitll ;111 Ii< IiLl 01 il CZO’ IIOt IJliltl.! lvitli it Stl*l!il.llI 4 pLlrc nitr’gm 

1111, 

,I IL!I’ 

‘1’11~ ion-cs~:IIa.Iigc i:ollll1111S Usixl iii tllis stIltl>a \\‘oI’e _C ‘e: I_jO llllll, C., X I.‘jO I1 

iLll(l I _j :*I 1.j’) 111111 ]~~‘l’l!S glitss u*itll t~!lloIi strrlwxks illltl \VCII’C: c)l~t:iinctl thl~ I:isc* 

GLllCl l’OI’tl:l ~~Olll~Jiltl~‘, \\‘iLl~lllillstl!l’, l’il. 

ml’llt! Otll~!l’ ~1~~~~ilriLtll 5 IlScxl iii tllis Stlltl.!’ \\‘iLS clcsc:rilwtl iii il Im\*itrtis I)ill)l:l*“. 

Tllc 1Iii(*ro l’ciLC:til)ll \*iills \Vl.!l’l! ~Jl~tililll!fl rl-cllll .~\llill~*ti~~ill JZ,ii~c.lll!liiistI’~’ l.ill~Or’ilf~ I- 

f’ic!.c;, Ills:., j2,oS 1007, (~0ll.ltlll~iil, ;\Io. 

‘I’IIv !>uriiiu illlCl IJ~*riilLic.liiio l>il.sl!s (Lll~ill:il, tlij*iiliillt, c:\*tf)sitic!, ilCll!Ilillc!, illltl 

~llilllill~!) \\‘~!l’f.! r~lJtiliIlcc1 th11 hIi liC!~l!ill*l*ll l,iLl~Ol~iltO~i~:~, SC\\’ \‘Ol’li. S. I’,. illlC1 

\\‘(!I% ~~lll’l~llliLtll~l’iL~~llil.Yilll~~ I’Lll’l!. ‘I’lli! I~i~(trirlLc:tl~~*lsil~~l) tt’illLlol’oilc.‘l!tilllliCll! (l-‘S,‘1’1~:\) 

\\‘ilS ~~ll~l~l1ilS;(!~l rrc)llL liugis (~ll~!tlliC:ill (~~llll~~illl~‘. I lOI Ti’o~tll I~l*illll<lill Stl’c!c!t, (.~llic.:il$J, 

I II., in tcflloti-linc!cl Wl’l:U’ ‘Jill) \‘iillS. :\c*c!tfmitriIc. iiiutl~~*l~!nc cliloridc, mitl cli~ltlorc~- 

~!tllillll! N3_!I’l! d “11;llll~~I’ilCl~!” piii*itj* iLIlC1 \\‘l:I’c ~~IIl’(‘lIilSl!CI r~olll ~li~llilll.~l<~O(lt C’llcliiic:il 

\\?I JI’liS, St. I.ouis, hlo., iLS \Vl!II ilS r0mi’: ilc:iCf, ilCTC!til: ac:irl, ilIIC,l 1wrcIIloi*ic* acid, 

Ihn\‘l!*x I s2 illliC~ll-l~Sl’IIiLll~~! iwiil \\‘ils Ol~tilillC~l rt-‘)lll I.)‘)\\’ (‘llclllic*ill C0llL~Xlll~‘, 

hIiCllillltl, ;\lic:ll. : ;lllCI :\C; I-S2. I3io-l<l!s f), ;lll(.l :\(; ;s-.S..+ iIlliOll-l!SCllilll#! rwins 

\\‘l’l’l’ 1 I ~Jlll~‘*ll~lsc!cl fl’Oll1 * IIll)-IZiLCI l.;~l~r~r;ttoi’i~..~. o , 1\1i(:IInioiitl, (Idif. :\mhrIitc II<-_}I2 

illlCl :\iiIlwrlite <.I( ;-r2o rmiiis \vcrc ‘Jl)tiLill(!Cl fr0tll hlitllincl;roclt ~.Tlwi71imI \\‘orlisi. 

‘I‘lic! \!*iltI_!l* \\‘ilS triply clistilld fr0fll iltl ill1 GlilSs ~liStillilti’~ll iL~1l~ill’iltLlS. ‘I’lll! OtllCIT 

Wil~cl1t.S LlSc!(l \\‘cl’t: 4 tile IliKlwst Iwrit>* il\‘iLiIilI~IC. 

‘I’l~i! >‘CilSt RN:\ r \VilS OlItiLitl~!tl ft’0111 lh-, ,J.AIII:S Ross, I.)l!l1iLl*tllll!llt r)T Pl~mt 
I’iltll’Jl~l~~‘, Uiiik*ursit>* of AliSS’mri; j*C!iLSt l\IN:\ [I illld tOl~ilCYC0 1111 Wlic: \*iriis IZX:\ 
(‘l’hl\F-l\l.S:\) uwc Ol~tiLillC~l fr0m IIr. (:)>I SIs(;It2\l., IA!~~ilrtlllcllt ‘d (;uiictic*S, C;iiivor- 

sit\* c~f ivlisso~iri. ‘I’IIC Sil.llllf 111 sperm DS.4 \V;LS ]~Ll~C!Ilil!WCI thlll Ililllll 12l~SOilR.*ll l_;Ll~o- 

r’ilf’C.~l’iCS, SC!\V J’orli, N, I’., ;llltl tllc! cillr tll~~lll.l.lS 1)X;\ \VilS ~>LII’(.*IIilSd rl~ol.lL Siglllil 

Cllci~~~ic.xl Co~lip;~~l~. St. 1 .oilis, MO. 

/~~sl~itn~~~~tfttl truri cltuo~~ttrlfJ,:rrtr~l~i~ coudiliotts 

Tile cllrollliLtr~~r~~l~llii: cc~ltiii~~i~ ~rsccl wcrc IO w/w I.!;, (;c1 SK-30 (Striligllt- 
Cllilil.lCCl ~~ol~~ii~ctl~~~lsilos~~iii~) 011 100/X20 IlWSll SLlpclcc)pr.n? (clirollliltir~r;l~lli~ \V 

tylw). ‘I’lie coluiiiil Ilmtcrii~ls mwc IXlcliWl iii gluss colunitis (hwc)silicittc), wllicli 

were I 111 long Ivitli all I. II. of 4 111117. ‘I’lic i:c~ltlfl.llls \vcre Iiclcl iii tlic ~ll~0l~liltC~~~il~‘Ili~~ 



O\‘CIl I>)’ ft’Ollt XllCl biLCl< tl!ll~~Il fclTlll& f.111 llcll’lll;Ll S\V~l~l!lllli littiiigs. I;rW l.:(~lUll111 

Imqxtr;Lticm ;Liid ccmclitioiiin g 1x3 Ju_xlt~i*uS, SCw our pra~irms p;~pu~~~‘, 

‘I’llc illStl’lllllClltiLI co1iClitiol~S \\‘crc IL 7.5’ /inin tc!lll~~cr~ttul’c ]>I’($l’illll. u’itli it 
q-ilkin initial 1111lcl. ‘1’111: progri~in 1’illl rI~r~~l~ y’ to 250’ , ‘I’llI_! ClCtt:l:tll1' \\'iLS lJ11~!~at<!tl 

in 111~ aSo' to ;$zc)" lwgioli, illld tlll2 ilijcx:tioli Ilcilt~!l' \\';lS :lt il~~~~l'lJ,~illliLtl'l~' 200 . ‘I’llC 
gi1S ilt.I\\* lYltl% \\‘l!l’C it?; fOIIt~\\‘S: nitt’oqii, .+O nl.l,~iilin : Il~~tll~lJgull , ;30 nll~lnitl : ilil’, 

joo inl;‘inin. ‘I’lI(! ;~ttwiu;~tioii TOr llliLcr0 Sillll~~ll!S \\'ilS LO :*: 3'7 (1.2 1.: 10mo" il.f,S., 

fOI’ s;c!li~ill~icro Sillll]~lCS it \\'ilS IO >: S (is.3 ;a: 10 -1" il.f.S,), iLl1C.l rl)l' lnicro SiL111~Jlt!S it 

\\'ilS 10 >: 2 (8 ?: IO'-" i1.f.S.). 

.ISCL’OI’l! tllc iLll~ll~*SiS Of tllc I>ilSC c:lJlll.~X~Siti01l Of il tiuc*lc~ic* ill:itl (3 )lllC1 IX! 1~l!1'fOl'lll~!~.l, 

it \V;LS IlcWSSX~>' tlJ I I>*CII*C )IJ*ZC tllc ittxluic: il(:iti in tc) its \*;ll’iotl.c; II~OIIOI~ICI’S. ‘1’1) I~>*cl~*c )I~*zc 
;t iiucIci(.: iLCiCI to tl I(J IXLS;cS, hl~\c:(;I:I: Usc:d 70 ‘,I,, pr~*IiIoric witI in il l'IlJSl!tl tlll>c ilt 

1CNJ for 40 iiliii. H;\SIIIZL*.\IIC ASI) s;\S;\Ii17 ;IIId (;I:III<I(I: ;\sI) 1<L'\-l.1:" iIISO 11Scd tliiS 

~~r~~wcIurc iii tllcir inxwti,, +~r2ticuis wit11 ~:OIKI s~iwcss;. 
13l!CiLLlSL! tllc pCrClllot';ltC iIitcrfcn_d \\*itli tllc! Sil~'liLtii~ll Of tllc! lIilS;(.!S, it \\‘iLS 

llCVC!SSiLT'> to IirSt I’clllo\‘i: it fl’cJlll. tllc s:lllll>lc. l-l,.\si~~z~~~t~~ ..\sl, S\s~f;l prw:i~)it;ltctl 

till! I)""CIllO~iltl! u?itII I<014 I)CfOrL! SilJ’lil.tii 111 n*itli I-!;\1 IIS illlC1 'I'>I('S, illId tllu> \\'(31'l! 

ill,lc t0 CJl>tilill #1(lCl rcSLlltS for 11Li1~'l+O SilIll~1ll!S. (;1~111~lil< i\SI) IZ~,*\‘l.l~ iLlSI) ])l?*i*i~Jitiltc<l 

tllc ,X2'.~lll~ll.;~t~~ \vitll KOI-1, l)Llt IWC:;lLlSl! 14$:\ \\‘llS il 11l.01’1: ~MJ\\'l!~fLll Sil~~liltill~ ~l.?il~L!llt, 

ill1 itlll-l!sclliLll~:c (~ll!~lIIll~~ \\‘ilS llU!d~!Cl to l~Olll~~ll!t~!l~~ I’C’llll~\‘l ! t.11~: iiitc!rl’c!riiig coiii~~~uiicls 

flYJIll tllc S:llllplc, ilicludiiig tllv ~~llOS}~llilt~! illlC1 Cl~~~~ilCliltiOll ~)I’O(l~l~~tS OI’ ril)osic. 

Y,'llC> fOI.lllCl tllilt ilJ~}~l'OSillltltl!l~' 2C) "0 Of c:ll:ll l>ilS;(! I\‘il.S Ill Jll-S;i!lUl:t i\*i!lJ. IOSt during 

pIxipitittiiir1, tt’ilrlSfl.!r, ;lllCl iOll-l!.SC~lilll~f:C! C~ll!illll~}~~ ‘I’IIC ~.~l!\tl!lO~~ll~l!llt Of it clLlillltit~llit’c 

lllcAl1c:d f(Jl’ tllu il_llLll>‘SiS of tllc I):lSi.f c:oni~~ositioii (I( IZS;\ ilIlC1 I)S:\ \\'oLllCl l~c~c~llit'c 

<).j to 100 ‘.‘I, I’~!CO\‘Cl+)’ IJf till! l)ilSl!S, tlll_lS it \ViLS l1l!~~l_!SSill’~’ to tl~!\‘ClO~1 il C~l~~iLIIIl~‘~ Illl!tllO~l 
tllilt \\‘oLllcl gi\*c! tllis lI!lXJ\~cl~~~ witllcnit iLtlClillg itiipllritii5 ;IllCl tllilt \VolllCl l’Clllc~\‘C! till! 

]~ClI~IllO~iltl2 Ellltl I>llCJSl’lliltC ~1’0111 tllc! S~lIll~~IC. 

‘licw-colttitlrr Il~l~lllorl 

‘l’llC ~W~Cllll~~il.tC! USCCl for tllc Il~~Cll? )lysis ;LllCl tllL? ~~llOS;l~lliltt! l:illl IIC! I’l!lll.O\‘~!Cl 

1,)’ allic.,n-cscli~iii~~ l~llr’~JllliLtO~~il~~1~~‘. ‘I’llC ~~l!~~‘llll~lYLtl~ klIlC.1 111 IOS]>ll iltl_? flV_!L! I)il.WS C’iLIl 
tllcll I>c clriccl, IlXLclc ;dk;ilinc fvitll KOI-I, illltl I>lilcotl 011 ~1llOtllcT ilIliOll-CS~~llilll#+! 

Cc~lUlllll for tllc! ~~lll.O\*ill Of IlcLltrill (SLlgiLr) COlllJ~~~LlIldS. 

\\'itll tllis cutline, tllc foll(,\~iIi~t~~c)-c:olLllIzll Illc!tllotl \\'ilS ClC\*l!lO~l~!Cl for tllc Cll!illlll1~ 

Of iL tiuclcic acid 11)~tlrc~l>*satc!, ‘I’llC llll_!tll~Xl $V;LS t1~\~1!101~1!C1 lvitll Stilll<lilr'ClS Of CilVll IXlSC, 
rihse, w1C1 f-I~,l~C~.l. 

(il) .*\flll 0.5 1111 Of 70’1(, 1icrchlo~ic ;xill trl 0.1 111:: CilCll ot li, ‘I’. L’, :\, G, i-ilmsc, illlll ll:,I’O,, iii 

;1 IG 2: 7,; 111111 Clll turc tulll!. 
(\I) sic;11 tile tlll)c \vitll il tcfloli-linixl 6113 illltl Ilc;lt it ilt 100’ [III’ .(O liiili. 
(C) Cl>Ol tllC tlllN_! t(‘) l’ClC)llI tCIll~ll!I’iLtl11’1! itll(l ilillltc the Sillll~llC IO .1 IllI with triplp tlistillctl \ViltcV+ 

- I~~~~mzurt o/ 0)liou.v 
ii;) 1’1 ;lCc tllc I~ytlrc~lysctl S~llll~>lC 011 iL 15 X 70 111111 illliOll-l!SCllilll~C COlUlllll Of I>O\VCS I-S;1 

Erlr’nl~rtx! (50/ I00 n1csl1) I 
(11) IViLSll tllc ColllllIll with 7 >: j 1111 triplj+ tlist:illctl WiltCV ilt il I’;LtC clt I tiil/miii. 

*I* Cllwllrrr/f~gy., 02 (rcJ71) 3.1p-yiy 



*I* . Silvlrrliolr 

(;t) :\(I(1 0.: II11 I%S’I’Ic:\ illl(l 0.I 1111 mxtoliitt’ilc colitiriliili X 101) l/g ~lll~~l1~~lltllt’~llC (iIlt~~ll;~l St~~l1lli~lIl)~ 
(I)) 'I'iglitly SCill tllL! \*iirl irll(I SilyIiLtc.! iIt laj(P f(>l’ 15 mill. 

(C) (_‘OCJl illlCI iiijcct _3 tc8 .I jr1 intcj tllc <;t.‘. 

2\ I’<!:1 ,,‘,S#J 
.._ -.- ._-.__. 

fl’i\f/$ ,y,, s. 
h’ll/AI\\:l, 

.:I- .._ ._.. - I_._ v 
:\rca 1.~. -._--.._ .-.-_-_-. 

Kl.S.!~l\\‘l.S. 

\vl1l!rc 

Cytosinc gave two cl~rolnatograpllic p.xks, md tllc mmc/T.~. IVILS calculatl?d by 

integrating eWZl1 pCX~l< sclm-atcly illld itC.lClill~ tllC il.IY!W to Ol>tiL.iIl tllC! total m-k. 



'1'1 II? iL\‘C!r’iL~l! I’;, rmxnw-ios flJr' tllc! fl~l,llr Sillll~>ll!S 1’01’ C!ilC.:ll c.spi!t’iiiwnt iL1’C! l>l’~!Sl!lltl!Cl 

ill TrLllll! 1. 

:\s tlic tww3dum.n iiwtllc1(1 Ixwcmtucl n3.s timi: c:onsuining, Illc~Jrlilic'ittic~1ls ii1 

tlic lnmxcliirc wcrc! rn;~clc to spxd 111) tliu cIu;L1luI) fc~r Siiill)lilic:;Ltitrii, u+itliout iLl'f~!~'till~ 

till! l'CCO\*l!l'>* UJf tll(.! l)iLBC!S. 

llq~itrg of f.11t.f su~u/dc. ‘I’lltr l!\';ll~lJr'iltiOll c.Jf tllc S;Lllll>lc wliih! c:oll~x:tiri~ tllo l!lLliltC! 

from tlie ;tlii(lii-Cs(:Ii;LYih'C! c:~~lLlrllll \V;LS \*c!l*>* tiwc c:ons~itiii1i~:. A fil.StLZr lllCtll~J(l fol 

Clr\*illg tliu cltl;ttc!, \\+llii:li did not :tl'fix:t tllu s;trllpl~!, \VilS 1lcwtl1xl. 'I'llLlS. to Clctc~rmiii~: 

tllc lmst di*j*iiig nli:tlIocl for tllu ~-0111ni1~ oluxtc!, till! I'c~llrnvirig tlq*irig inotl~ods uw1! 

ov;LIlI;ttCcI: rot;irj* ~:\*;~l)~~t';Ltiori. I!~o~~liiliziLtioll, ;t 1101: lIIiltl! n-itlt ill1 I I< Iilllll), iL11Cl il 

~1101: I’liltl! \vitli it Stl'~~illll. Of l)tll'C! iiitrcg:cii GilS. 13;t1*11 iiic!tllocl \VilS stLltliC!cl I>!* cliltltitig 

four iLliClLl0tS (100 j/g of (i/j IXLS;c!) iii .'; 1111 of Cl.1 A' I-I(.:1 \vitli 20 nil 01’ tripI>* clistilll!cl 

\\‘;ltCr, ‘I’IIC Sillll~~ll.!S \\‘C!1’C! l~fJll~~~llt~iLtl!tl t0 ;Ll~~~1’0SillliLt~!l~~ 3 Ill1 il.llCl tlll!ll t~illlS~~~l’l’~!tl 

t0 ;l ~:Llltlll’l.! tlll>u I~CfOT’l! C!\‘ill~i)l’iLtilJll to c’rJllll>l~!tc! ~11’y’ll~!SS, clo~iviitiz:ttioll, illlCl 

l~l~ll’Otll~ltO~1’iL~~Il~‘. 

lorr-c~.\‘clitr~r~~:r(: cldrlurlr.~. Ij\‘t!ll \\'itll IllrMli~il'iltiollS 0I till! Cll'>'illg Stc!p. till! tOtiLl 

lllc.:tll~lrl \\‘iLS Still filirI)* tiinc! ~.:oiis;uiiiing. 'I'0 fLll’tlll!l’ iiioclif~* tilt! lllC!tll~JCl. (‘ill~ll iIllilJll- 

C,Sl~IliLll~:(? C~~lLllllll \\‘;I$ l!\‘illIliltl_?Cl witli i*il)cw itlltl l~llOSl~ll~~t’i~’ il(YiCl Xtltlt!Cl 10 ill1 Silllll)l~!S;. 

It LL]>1l”;ll’l!Cl tllilt tllc. ’ Sl_!~~Ollcl il1liOll-C!,~~llilll~~! C’011111111 \\‘iLS IlOt ll~!l!Cll!tl ;LS tilt! illlill\‘SiS 

(If StiLllCliL~tlS n*itll ilClCl~!Cl rilxw illld l-l:,l’O,~ SllO\\‘t*tl tllilt tilt! rillow \I'iLS ~*Ollll~ll!tUl>' 

Cll.!~~ilCl~Cl II\* till! 11~7lroI~*sis;, illltl tllc! ]~ll~lS~~lli\tl! ilIlt ~ll!l’l‘lllCll+iltl! iV(!lI! 1’1!1110~‘1!C1 I)\’ 

tllc tint il~~j~~*l~~!S~~llilll~C! l~~~I1llllll. ‘I’llllS, till! ffJllce\*iri g I ll1(!~~‘Ol1111111 lll~!tll~~Cl \\‘ilS tlt!\‘t’I- 

rlpl!d. 

2. 21 rric~rr-f~.rr~lrtr,/,~f~ rl~wr1rrf7 
(il) I ‘IiICU tllC Il!~tlt'l~l~~~ll Sillll1>1~! OII iI II10 X l,j 111111 ;llliClll-CSC~1iLll~~! CCJ~Ulllll ctf I>II\VCS 1-s.: 

fOl'lllilt~! (_jO/l(Nl llll!Sll). 

(I)) \\‘asI~ 1111: col~~ii~i~ with III x J irll IIf ti*il>l>* cli?;tilli*rl \v;ltinr ilt 1 rlll/lrliJJ. 
(C) I)iSCilV(l tllu IiWt 3 1111. 
(Cl) COlll!ct tlll! IlC’Sl 1-j X as-l11l fr;lCtiOllS in il sll-Ill1 lll*illiCl'. 

(C) <_'I>IlCullLl'iltC till! Silllll>lC t0 2 1111 011 il 00" 1101 ~~liltl* with ill1 I I< l~llll]~. 

(f) 'I'~~lllSfl!l~ tllC Sillll[>ll.! LO il Ctlltll~c tlllH_! (.1.-j 1111 tOtill CiLIXlCity), wwliiiig t Ilc I K!illCC'l' willi 
" 'a' I Ill1 of 0.1 ,Y Hc:l. _ . . 

(K) I<\'il1?~~ViltC till! Silllll>lC t0 (I~~llcSS cl11 il (~10" IlOt I>l;Ltc.! witli ;I StI'l!iLlll 111 l)lllI! tiitrog:(*lJ k:;l?;. 

I II0 SilllllllCS \\'uI'c tlcriv;ktizccl with lZS’l’l~:\ iLt I _jOq fol 1.j mill. 



.4s.u,\+sIs 01: ms13 c.:m~I~osI*rIf us 01: RN.4 hhx DSA II~mm-u.\*sA*rm 135’ GLC 353 

:I II ~oII-c?.\‘c!~I~I~I~L.! wsiu. A SllliLlI iL1?l.Ol.lllt c,lf iiitcrfcrcmcc, duo to “lines” Iroll1 

tilt? DO\\‘CS r-S2 1’1 Jrlll.atl2 allicJll-csl!ilall~~ l~C!SiIl pusiIlg tllrougll ti1c pmJLls glass 

disc, \\‘aS ilc~Jticwf1 011 till: ~;ll~rJlll~ltfJ~:r~llll.S CJC tllc dciLlluC1 RtllllCliLr’ClS, A N!gc1lcI3tifJll 

~~IJCOCILIW ww clc~~olop~~l for tllc lmlmr;~tiot~ of tile 132sins to prwmt l’tirtlwr 

Colit;iiilili~ltif.Jii I>?* “liii~s”, ilIlt XIl~Jtllc!l’ ~Llli0ll-l!.~~lIc’LIl~~~ rein Was USCcl, VdZ. AG l-S3 

(a priliccl ;mcl sizccl I_hl\vcs I-X2) rc5in in tllc ;LCC!tittC? frwin. 

I’litcc ;+oo ml of tlw flry rccsitl (;\C; t-S_) in ;I .joo i1iI y~xtluatccl cylintlcr. 
AlIll j .\’ I<01 I (t-0 tt1c g~~lJ-llll 111;1r-lr). 

I IJ\*CI? tlic cylind~:r, riiisiriK tlic rwill ;rncl -3 .\’ KCJJ~J. 
;\llow the I:l1’g:ci’ waili 1XLrLiClUS 1~1 sc:t tic, tllcll Im~li 0II’ tl~c c~sccsx I<01 I and wsili ” lines”. 
\\‘;isll tlic rcsiri lit2 tirncs witli tlislillc~l \\‘iltl!l’, niisiiig CilClI titiic~. ;tllf,witig ~C'J Sctlli!, then 

p~~tlrili;g 0IT tllc ” Iiiws”. 
I<cp";lt steps I tf> -5 ilt Ic*;lSt tllr’cI_! tinics. 
\\:asli the rcsiri to Ilcutt;Ll \vith clistillctl \ViltCl'e 

;\clcl ;s i\’ xcctic ;icirl (tcl tllc _jOO-1111 1lliLI’I;). 

‘~‘~lOt’Ollg~l~y inis, illlO\\~ to Wttlc!. 
1’11111’ ljI’i tlic osccss :wctic ;ici(l illl(l ” tints”. 
\\‘;lsll live tilllcs wit11 tlistillvcl \\‘iLtl.‘l’ its iii step 5, 
I<ClIL?Lt StC}W S tl> I I ilt IcUSt tllt’cl! tiilics. 
\\‘il!Gll tllo wsiri to 1112tltl’iLI witli tlistill~d \\‘;ttc*I’. 

Using tllis rein r~gl!llI2lYltiOll ]woculLlr~ :Lncl :I(.; I-S3 il1lif~ll-~S~~]IiLll~~ resin, 
ollc-ColLltlLll 111CtllfJCl \VilS ;Lgaiii l~\‘llll.liLt~!Cl 13)1 ~l~~illlill~ four IOO-lrg staiiclarcls 

(Jf C!iLCll I>ilSl! ]>lUS 0.4 lllg ribose Wl(1 o,_c 111g I-I:,I’o.~. ‘l’llc clric!cl Silllll7lCS \Vcrc sil~*l;Ltecl 
illlCl illlilI~~ZC!Cl. ‘l.‘lIc ‘,‘;, rcco\w~* fo1' c;rcll SiLlllplc is gi\*rm iii ‘I’;tl>li! II. 

Cl~tru rr p 0)‘ .wm itrr icro sl~rrrtltrrrls 
Using tltc ollc-coILlI11l1 l~l~illlLl~~ IlLctlloCl doscrilwcl ;Lbo\‘C illlC1 till! silvhtion 

(.*I mclitinns illlC1 iiistriiincrital sc.!ttiiigs tlc~wlopccl for soniiiiiicrt J StilllClilrClS ‘iii our 
Iwm*iotis plwr!‘, four scmiitiiic*rc~ stai~d~wclo (lo 11 , g cuu11 lxw) plus _FO pg rilmw amcl 
_+o pg l-1 :,lW,1 uwl: C’ill’l id tl Irougli tlic! clixtnup prowclur~. :\ furtlic!r rctiiicriicnt of 
tllc clllC-r:fJllllll1l llll~tllrJcl tvi1.c; ~!l11p1f,ul: ;I r/q-iii. {Jlll~ Of RlilSS 1\‘001 1ViLS I>IiL(Zl!Cl in 
tlic! ioIl-CSl~IIilll~:c! cf~liiiiiii oil tlic: (~o;lrsc-I)~)rosit?. fritbcl disc, tllw tllc ;Lili(,ii-cscII;Lii1sc 
rcrsin \VilS iLtlCll~C1. ‘I’lli: gIilSS \Vool pIX!\‘clltc?d tllc msifi pill?iClOS fro111 I>iLSSill~ tlinmgli 
tllc! KlilSS disc* illld c:iLllSillg CStl’iLllC0tlS ]~l!iLliS IIll tllc ~llr’~~lllilt~J~~iLlllS. 

Usi+ tliis tcrrlliiicluc for SilllL~~ll! ~lL!illlll~~ itlld tllc sil>*lating cxmcliticuis ~~l~csclltccl 

i Ii our pwviotis I)ilj)Cl”‘, S;L’\~X!r’iLl t)t]>cS Of 13X;\ illlC1 11X:\ Sillll]Ill!S nxrc ~llliLl~~Zl!Cl ZLt 
t]lc IllilCrO (CU. ICI0 ltg Of CilCll IXLSc) illltI tllc Sl!lllillliClY~ (CU. 10 l/g Ol’ C~lCll I>iLSC!) Ict’l2lS. 

I;( Jr’ 11lilC1’0 SWll]~]C?S, I lllg illlcl for slmiirni~ro Sillll~~ll!S 100 r/R of iiuclcic iLCiC1 \VC~I’C 

Llh2cl. ‘I’llC l?lOll! ‘!;, c.xmlpJsitirm for ca~lt nucleic: iLl:itl \\*;w r::llcul;Ltcxl i1.s FoIIo~vs: 



35-l II. I’.. l.;\JCJSc;S, (.:. I\‘. Gl:JlJ<l<I: 

‘1’1 Ic: ;L\‘cl’ilgc ‘11l.f jlc ‘,‘,, C0lll~)c~SitiOn f01 l!iICll nucleic il.(:i<i illlti StiLIl~.liLI’~l c.lcI-ixtions 

iLrC ~llX!Sl!IltCd in ‘I’ill~lCS 11 I XIlCl I v. l;ig. 1-S sllO\V typir:;d ~~I1r~~llliltO~riLIllS ff)l’ i<S:\ 

XllCl DS:\ Sillll.}>ll!S at tllc Ill~lCrI~ illlC1 sw~irilil*rc) ll!\Y:ls. 

Initial cspcrimcnts siicmwi tllat, iLS in tllo sil~*htion iLIlC1 CllrOlll.iLtO~l’iL~~lI~’ 

Of Jlli(~rO StilllClilrCiS, tllC! lZl~ilIl~l]~ Of rniwo Si;lllllJlt: Il~*tll?~l~‘S~ltl_!S \VOIlICI rc!cIliirc! ~~llilll~l!S 

f~Oll1 tllc lZll!il.lltll~ Il~l!tllOCl tle\‘l_!ll)}~l!Cl fllr lllil~.‘rO ilIlC1 wrninh.:rc~ S:lIllplc II~Y.l~ol~‘SilLtCS. 

h’l:lIl~’ t)‘JX!S Of iOll-CSClIilllcfC ~~ll!~lllUI~ nx!rc: iL\~il.ilill~lC, INlt sinw tlli! c’~Ili!-c.‘c~lll1l~I~ 
nlctllr~cl Using AG J-S2 iL(:Ct;LtC X11 ion-mcII;mge resin tll!vClO1)c!tl for IllilClrC) SillllI~ll!.S 
lli~d \VOrltMl SatiSfi~~tc~~il~ it \V;1S full?, l!\‘iLlUiltl.!Cl first. 

Using tllC! Olle-COllllllll IllCtll~d, eigllt nlicx-0 (L:tl. ,jOO llc (if! IIilSU) StilllCl~l.l’Cl?; \\‘i!I’c 

ilIlil.l~SCCl. ‘i’ilc tlriccl S~llll.I~lr:S \VCI’C Sil\‘liLtWl \vitll 50 lrl I~S’I’l~:I, 2.j /“I ilc:ctc~llit1’ilc, 

illlC1 25 //I cliClll~~r~~Ctlli~Il~! :lt rJo’J for ;j0 rnin (for clcV~!lolxilcllt of .Sil~lil_tillg ~_:oJicliticm.s, 

JXCUr tf I our prcvicms I)ilI>CI+"), ittl~l il~liLl~~~!(l 1)~ GJ.C. ‘1’11~ ~:llro1~1;lt~)~riLt~~s trl>tilinc!d 
fl’~U11 thcso illlill~*Sl!S CX~lltilill~Ci 111iLIl~’ C.StKLIIW~US ~lt!~lliS illltl 1lil.d I>iLCl 13lcl!ti l’iLtl!S. 
‘I’0 remn*c ilS IllUC!ll C~~IltilllliJliLti~~ll i1.C; possil)lc, tllu :I(; I-S2 illTl!tiLtt! rcsiil \Vild il~ilill 

JTp2IlC!r'iltcCl, I3ut qwtcr c-arc: \V;is uwci to rcino~‘c iLlI of tllo rcsill “tines”. ‘I’llc! rcag:ents 

uS\;ccl for tllc Sillll~~ll! prcparaticm nwrc rcclistillccl tc) rimlr )w: ~‘~~Iltillllitli~tiOll, iLllC1 tllu 

13S’I’I~:\ \\‘ilS ~\‘ill~lilt~ti to dctnrmine tllc IWSt lot, i.c. tlll! lot tlliLt giL\‘C tlll! I>l’St 
~~llrOllli~tO~~iLlllS. ‘I’llc ~~1l~ol1~ato~ri~l~llic (3~11111211 IVLLS c:oJiditionccl ilt 370” until tlicrc: 

\\‘:lS iittlc colulllll IIlcccl Ilt Z+>‘!. ITsing tlIosc rc!linc!nwnts iuntl $*orj* C*illX!fUl tccl1niclutrs 

t0 ~Xc\‘fAlt SillJllIlC! i‘0llt~lllliIlilti~In, till! 300 llg Of CilCll IIilSC StilllCl~l~Cl \vcrc :lgilill 

cilrrictl tlll'()tJgll tll<! ~~~Jl~~~O~LlJllll JllCtll(d ilJI<l iLIIitlyZl!d 1,~. ('; J.C. 
‘I’1 lc! J’urirlcs wrc not (l”i~rltitilti~‘cl? rcx:ovmwl from tlio ~LlliOIl-~!S~~llil11~:c 

colt~niii, tlms Jwclili~atioJis in tllc pro~~cdurc \vorc Jnmlc!. OJlc! lll0dilic~iitii~ll \v;is 

clutic)Ji of tlic purincs from tllc c:olumn wit11 cliluto iLC:id, illlOtlll!1’ Wi1S t0 I>Iill’C! tl1C 
St.ilIlCli\t’CIS 011 ;lJl iLCidiC COiUlllll, illld il. tllircl \\‘iLS t.0 l!ViLCUiLt~~ tllc! rosin lwforc! SillllI)lC 
iLI~I>liCiLtiOIl to I’CIllOVl! t~~lp}WCi ilir l)CCiLUSC tllc! air could form IXH:lil!tS wliicll ~votl1ci 

JWC\‘cllt tllc! lXlSl!S from IXl.SSillg tlirougll tllc resin i1.t iI uniforru riltc. 
I2.i!til?liiCiOll, vf olllc!,* ioit-txchiugc rcsius 

Since tllc one-colunif~ inctl~ocl wit11 :I(; r-.X2 :lC:l!tiLtC! illliOIl-CSClliLllfic resin 
did not give goocl rwovcrics for tile purincs, iKlf3lillC! ilIlt fiUilllill~, otllcr ioIl-C!.SClli~llg:c 

resins wcrc stucliccl wllicll \vc~rlcl pssil>lj* give iwttcr rwovwy. ‘I’lw foilo~vin~ resins 
N’CW cilI%fUll) lX2gcllC!t’i~tcCl illld c~-ilIU;ttcCl iLS JlOSSiI~Il! r(:I~Ii~~~lll~Jl~S for :\c; J -.xZ : 
.A(.; 3-S.+, 12io-lies 9, An~lx2rlitc II<+, il.llCl Anilxxlitc W-1 20. ‘L’liesc resins \vcrc 
cllr.)sen Ixcnusc tlicy IliLVC! ctil’fcrent polyn~cr IilttiCCS or fUllCtiOlli~l groups from AC; X-S?. 
Four StWlCli~lXlS (I0 pg, 2 l/R, allcl tW0 jO0 116’ @ IXM2) wwe Cll?il_l;C?tl by CilCll resin, and 
tJlC SillllJ~I~S Q’WC SiIyIiLtcCl ZltlCl ~Il~~~l~liLt~~~ri~I~Il~Cl. 

f~i)tri?tUliOti Of (L CllrUCoc~l! CdUl!l)l. CtcWl1.U~ ~rocctlrtrc 

SillCc ion-eScllil.llgc CJlI~~~llli~t<~~r~~J>Jl?) @.VC JX)W JXXOVCJ’iCS fur XdCIliJlC illld 
GUilIl iJlC, iL cliffcrcnt type of CIc)ill11lJ~ WILS ;Ltt.C!lllJ’~teCl. sA.SJSC;JSJ~” USWI iL CIlil.l’COilI 
colU111n ClCilllUI> for tlic prim mcl p~*rimiclinc IXlSCS ant1 rcportccl good rccokwics 
011 200 llg of riKIirmCtiVC iLtlt!llillC I>>! CoUIl~illg tIlC iKIcJliJlc IX!fOW iLlld 8,ftCt’ CICiLllUI). 

‘I’IIC? CllilrChd CO~LIIIIII CICnIlUI> JllCtIlOCI \Vil,S CVilIUiktCCI for IlUCICiC 
\‘SiLtC!S at tlic micro lcvcl. *ih Cll~L1’CC)ill colulilii was initially prcpmxl 

acicl 1 ~~~lrol- 
by rctlusing 



a I: : 1 \\‘/IV liiisturc of Norit A cimuxtl illlC1 C:clitc 54-j f01 2 I1 wit11 till? roIIo\vill;: 
SlJI\'ClltS: 2 ht I-ICI, li fV Xl-I,,OI-I, I’trirlinc-~\‘ittc~ (I :I), pj’riclinc, water, n~ct1~uIlol, 
~~~!ll~:~ll~-~lll~t~l~lllf JI-.e\V:ltcr, h!ll;l.Clll~, f(Jr’lllif: :lc:iCl. ;incl nxtcr. ‘l’l~c! cllar~o~II.-Cclitc riiis- 
turc \\*;ls tllorcmgllly \ViLSlll!Cl wit11 c;LI*II rcagciit lwfrwc rcllusin fi ivitll tllrlt rl!ilgCllt. TilC 
prCI~ill’Ctl Cll~lr~:~J~Ll IV;lS })I;ll:Cd iii il 9 .:*: I_jU llllll iOIl-c)SCIlil11#2 C0lllllIl1, C0lLllllll size 

9 ‘,: () 111111. ‘I’llc l~~~clrol~~zecl StilllClilrCl (Jf tllc purinc arlcl pyrimiclinc Imscs uxs placccl 

(Jll till: C.c.JlL111l.11 iLIlt ~VilSlllXl witll 12 ,x 4 nil (-I[ triply clistillccl tviltl?r and 12 :-; _c ml 
1 .\’ IdCI. ‘1’11~ I)iLScS nwc tllun cllltd v’itil ci :x -1. ml of c:cmc:cntrutcc] foriiI.ic acid. 
‘I’llc salnplcs nwc drictl, silylatucl, illld illl~ll~*Z~Cl I>>’ (‘;I.(:. Scminlicrr.) St~LIlClilrClS 
(t*(l. x0 ,~rg @Q Ixisc) \vcrc’ usocl to c\*;ilu;itc tllis c.:lixinup mctlmcl. Initial cspcriiiicnts 
sllc ~\\Itcl tllilt tllc l.xicligrc.~urlcl firm till! (~IlilI’COil1 prmcclurc \\‘;LS llrd S~ltiSfiLXtfJr~~. 
.b\ftc:l, tllc cIi;iri:o;il \v;is CSIliLLlStiVCI>’ \VilSllCCl witlt formic: wicl, it \\‘;Ls tllcll cvaluatccl 
ilt tlic amirliicrf) ;Lnd micro Ic~wls;. 

I:i~t~l~~t~lioll oJ’ ~)r~tt/r! io~r-l’.~clt(~~t~~~ CO!IIIII~~ 

Since tllc Silllll~lC sixc for llLicr0 Sillll.l>lC!S IlilCI I.WCll greatly l*l2ClLlC~~Cl (cfl. 500 Ilg 
(il., bitSI.!), tl1C large ;llliOIl-CSCllilIl~:C l~OlLllllll ( I Cl0 :.: 1-j min.) 11x1 pmtvntccl tlw ptirirics 
froili hirig rw0~wor.1, ‘l’llc :I(; I-.X2 iLlYCt;ltC atiion-cscli;ir7~JC resin 01. tlli! gl:LSS Wool 

~1S;cr.l tc I pwvciit resin “lilies” from ctJllt~lllli1liltillg tllc s;Lnlplc wwc lWOlXLl>lJ’ xlsorl~ing 
tllu purincs, tllus Iwcttwlting tltcir rcxo~*cr~~. I<!* using il sinallcr mwunt uf msin ancl 
il “Sil;~llixc!cl” gl;isS \vool plug, tllc lmriiics \VoIlltl Ilil\‘C 1USS sites for ;tclSorptioii Wld 
~~0ulc1 Iw rc~v~~wccl ;it Ic!ast s;l:r~ii-(l~l~i~itit;iti\.~l~.. 

‘1’0 c:valuatc tllc silmll c:olumtl iincl “SiliLlliZ~Ct” gl:LSs u7Jol plug, flJLlr micro 

StiL1lCliL1’ClS xvi!rc ll~~clrol~*zcxl witli j0 /rl 70 I’,‘, pcrclilorir: acicl, plXcc1 011 tllc aiiion- 

CSC:llilllgC l~(J~Lil1111 (c~~~Lillll1 Size JCw :*I _C lll.lll), ilIlt \\‘ilSllLKl tl~rou~l~ tllC ~0lLllllIl Ivitli 

2.5 ‘.: I 1111 I)C triply clistillccl nxwr. ‘1’11~ wpcriniciit wits rqxxttccl ii iiunilw of tinlcs, 
iLllC1 tllcl :l\‘crilgL! ‘);, 1’l_X( J\‘Cr)’ [(II’ l!il(Zll Of till! I>ilSCS \\‘W L’illlTLlliLt~d+ 

l2.V.i trrrtrt..sis 
‘1’11~ tllrcc typirs II~ RX\:!, )‘l!ilSt lZS:\ I :Llltl II illlCl tl Jh;lCXO llLCJ5iLiC virus 

(‘I’31 I’-IZSA), iLllill~~~!tl ilt till! 11lilCl’O ICI’OI \Vl!l’(! illl~ll~~~L!Cl ;Lt tilt! ndim) Ic\X:l 11>’ tllc 
prw:cclurc ClC\*l!llJ~X2<1 ilI1O\‘C!. ~\1)1~rosiiii;iti!1?‘.5 //g of I<?:\ uw-0 llWC1 for CilCll Xllillj*Si~;, 
I;ift>* lniwulitcrs 70 ‘!;, prclllori~: ilcid uwru Usccl for tllc li~~clrol~~sis illld tllo Ilyclrol- 
j’s;itc \\‘;Ls clC;l.llccl I)>* iUliOll-l!Sl~lIil1l~L! c:Iircliizato0’r~i1’115’ using i1 IO0 >< 4 Ill.111 C0lLlllLIl 
of ;\t; I-S2 ;Lixtutc ;itli(Jll-l!s~:llill1~:(! rosin. ‘L’IIc saiiiplos \vcrc clrictl, sil\*l;itc!cl wit11 
]3S’I’l;:\, iljltl ;~~jal?,ir,ccl l,y c; I_(:. ‘Tllc rcstllts of tllC%: ;LllEllj%W ;ll’C prcsclitccl in 
‘l’;ll3lc V. Fig:. () SllO\VS il typid ~~llr~~llliltfJ, fVillll Of )‘CilSt KS:\ III ilt tllc niicro . 
ll_!\X!l. 

iJiV.4 ciudysis 

:\S tvitli tllc macro Sillll~~l~S, il formic :icicl Ii\*clrol~*sis \Vtls uaccl for tllo SilllllOIl 
Spcrlli iilid c;llf tll~‘lllus I)N:\ SiLIlll’IcS tcJ prc\‘cllt t~l~‘lllilli! c~l!gt’ilchtioll, ‘I’ilc allioll- 

~SC_!llilll~l2 CC.~llllllll~ wcrc \VilSllCCl \vitll 3-j X I 1111 Of Cl.5 :\’ acetic iWiC1 in ~>lilCL! of tllC 
w;Ltcr wnsli. ‘I‘IIc rcstilts of tllcsc anal~wx arc prcseiitccl ifi ‘I’iLblC VI. Fig. I0 sllotvs 
il tropical ~l~rolll;Ltc.J~rilllL Of iL 5 pg S;iliiioii spwrm DN.4 Ilfclrr)lyite mrriccl tlircmgli 

tllc lxmxxlurc. 



‘I’llC! cVi~lLl:ltil)Jl Of tllC! tI\‘O-~~C~lUJllJl CIl!ILJ1lI]~ Jll.~!tllOC] Pllr~~VlXl tl1il.t it JirJclci(: :I.c*j(.l 

lJ_\‘C]r’Ol~~S~ltC! iJ.t till! IJlilC1’0 Il?\al!l cf3LllCl l)C CIl~~LJlC!C1 I>)* ~LJli~~Jl~CSl’ll~lJl~~ ~‘llJ’~~I1liLtl~~~J’~L]~lI\’ 

\vitlJout signiliutnt loss of an)* of tllc Ixtws ilJlC1 \Vitll l’~~Jll]~ll_!tl! 1’~!1110\‘il1 III’ till_! 

ii~terfcriiig c_:~.~ll~]~f~UlldS, ]>C~C~I1Il~JYLtl?, ]~llos]~Il~Ltt:, ;tlltl rilxw. 'I'llc ;LVc1';tg:c ',',, rcc*~~\'cI*y 
(If fOlJr 11111(.:I’O St:lJlC]~lr’C]S fOt’ CilCll CCJlUJllJl ;JJlC] 1’01‘ tllC? totill l11l!tllOC] ilt’C ]~J’l%~Jl~c!C] ill 

‘I’ikl3tC 1. ‘I’IIC! first ~lJlif~ll-~S~~lliLJl~~ CC.~lUJllJl @.\eC! ~fIOC.1 rcco\wics fill’ il.11 tile IIilSCS, 
bI_lt tllc Si!c:ollCl ;L1iion-cscll;infii! ColUJll1l Sl1oNXCl il sliglit IIJ~~ fol’ tllc piritics, ;dc!iiiiic 

~LJlCl pmninc. ‘I’IIC iL\‘l2J*ZlgC! I,‘;, r'Cl:(~\'Cr'~ ff jr' tllc? tOtiLl ]~1’01’~!~]111’1: g\‘;LS \?cJ’>’ ~:oId, iritli- 

ci!_tiJlg t1lil.t till? Jlll_!tllflC1 ~W~JllC.1 IX? ;Lr’CC])tiLl~]l! iLS it ~~lCilllU~~ Stl!lI l+OI’ till! ilJl~ll~*SiS 01: 

tllc I3iLSC coJn]x~sitioJi of RX:\ ;LJlCl I>.\:\ ll~‘ClJWl~S~LtW. 

___ .____________ __,_--_... ._. _...___._,--_-._ .--_......_.- 

CrJfll//l I/ 1tmJiw):1’ ( I;;, )I’ 
._. _ . .._._. . . . __ . . __- __ .“_ _-.. -.-.... ___-.. ..” -_.... . .._ 

I..: * ’ / C”’ .*I r; 

__._ ____ .._-.. -_._. -____ ._........._, _-_ _........-_ - ._-.-__.- -_.-. _______ 

1 t: is CfJJlsic]crc!(.l tllat tllc iJ7c’oJJSiSitilll~i~.~ iLJllOl1~ tlI0 \‘illUl.!S 1’01’ till! single 

C~olUJJlJlS ilJJC1 tlJc tOtill llll!tllOCl \t’l.‘J’l! tltlL! to clctl:r’ic~r:ttiori Of tllf: StOC:lC s;c)lutioJJ its 

clcs;cJ*i IwcP. 

oIIl!-coflt~lill llll’1lii.d 

13vc11 tllougll tl1e fI\‘O-CXJlLJlllJJ dcILJlLJ]I lllctlllltl /p\‘” csc:c1lc11t t’cl*overit!s of 

t]lC: lmS~‘s, it \v;tS tiiiic C:oIlSlllJlill~ ilJlC] tllUS il IllOII~ cl’licicmt OJlc!-Step C0lUlJlll c:lc;lJlJJ]~ 

Jll~t]lOCl \ViLS ClC%iJ+t_!Cl. 

lltyiug of S(l//l~d~!S. \‘ilt’iOUS Cl~>‘iJJg Jllf_?tlldS \\‘CI’C! ~~\~~llJliltL!tl w*liicl1 \\‘c~lJld 
ClilJlilliLtC poSSil3lC C0JltilJlliJliLtic~II Of tllC! SilJll]I]c iLllC.1 SllOr’tl!Jl ~l11il]~*SiS titiic:. lcOJJJ 

ClJ’>~iJJg IlJct]J~)c]s \t’crC c\fdU:ltMl, viz. J’Ot~lt’~’ ~!\‘il]~OJ’iLti~)ll, I~~~~~~lliliXiLtiol1, XJlC] il Ilot 

phtc wit11 a11 113 laJJl]’ 01 ;L stroatn Of IXJJX! JJitrogcn gilS, ilJlC1 :Lll &$lVC) #IllCl J’~!SUltS 

\Vitll 110 iL].3]>;l~lI!Jlt IOSS Of tIllI l>ilSeS. ‘J’IIC IlOt IIl;ltC n+itll ilI1 I12 I~lllll) NYlS tile l%lSicSt, 

fastest, ;l]lcl IC;LSt lil<Cly to :tClCl cc)nt~Lnlitlatioli t0 tllC SilJJll)lL! SO it i\‘ilS USc!Cl trl tlJ)* 

lnrgc ~~oIu~iics, SUC:]l iLS till! \VClSll 11’0111 till! illliOJl-l~Sl:ll~lJl~f~! ~f~lUlIl.JlS. .4lSO, tllc IlOt 



/fJ/l-l!.Y’c//t~ll~~’ CCJ//l/Jl/I.V. I’Llr’tllcl’ l.!\‘iL~Uilti~~Il Of l!ilCZIl C:O~LllllIl iI tllc t\\‘l)-~~f.)ll_llllIl 

Illl!tllllCl illdiciltcCl tllilt tllc SW:f~llCl illliO1l-~S~~llilll~~ C:C)lLllllll \V;LS IlOt 11lXC1W.1, ‘J’ll(? 

l~Cl’Clll~l~ilt~ ilIlt l~llOSlllliltl_! \V(!r’(: I2_!lll~~~\~C!Cl I,1 tlll2 first ~:~~lLlllLIl, illld tllc rilmsc 1VilS 

wmplctuly CIcgriLCl~!Cl in tllc: p:rc:lIlfu-ic: ilI:iCl Il~*ClIWll\*sis Step. ‘I’lll! C~llC~COIUI1111 Cll!illlLl~~ 

l11CtllllCl tIlLIS Cll!VC!lf)lX!Cl 1ViLS d_!\~illLliltCCl ivitli fClL11 1 OO-{.Cg St~LllClilt’Cl~ Of C!ilCll I>CLSl! IIlllS 

rihw illltl l-I:,L’(_),I. ‘I’IIU ‘);, r’cx:rwur~* is gi~wn in ‘I’iLl>lu IT. So intcrfcring I>ciLl<s wwu 
foLlnc1 rrll tllc Cllr0llliltO~riLllZS, Cltlc to tllc! rilvw or l~lloS]~lIatc, l>Llt il lo$V rcsin “lines” 

~ill.I%C.~tl Solllc! c.strmwms 1W;lkS tllilt C:f1LllCl interfcre u*itll tllC! IXScS :Lt il louvr SiLllll3lt2 

ll!\~Cl. 

( )tlc-Cc~llllllll iclll-cscli;ilig:c Cl~~illlIl~~ 1111:1111~~1. 
. . . - .,_.. . “. __..-.. . . . ---.._- - -- ._. -..-.-.“-.-- -----__--__.-__ -.._ -_---,__- _._. -..- .._.-_ ____.- ____.. -_-.._ __.___ 

.srrrrl/~rr~ IAriW’.~ I -.V.? ftl~Jl/r//t~ rllttl J’c’r’iJlU’):\* (‘1;,)” .*I r; I -<v’s trl’l~lrrl~~ ud I’t’l’rwl~J~\’ (‘,‘,,)I’ 
,. ,_^ -. . . ..-.--.... --_.- .-.-.-.. --.----.-- -~..~.___~--____^ __________- _.... _,-_._____._ 
I .: c .*I (; L: c .*I c; 

_,___ ____._.. __. .._. . .._ -_ ___... ___- _.._ - _-._ -__--- -- ~--_-___----_ .-_.-_--__^ 

. ,. ..-. _ _._.. .._.___ --___-_..-_- .._.. ---_ _ .___..__-___-.----_._-_____.-_.._____ . . . . . ___._ 

:I IliulI-~:.\‘C//clll~~’ I’c:Si/l. ‘I’0 ;tcliiwc! ~]tliLlltitilti~‘C 1’CCoVW~ mcl 0fIicicncy of c1c~L11Lip 

of tlic prim.2 iLllC1 p~~riiniclinc! l>ilSicS, tllc iUlil~ll-~Sl~lliLll~~~ resin IVilS Cll~lIlgC<l from 
])o\\‘cS I-S.2 formatc to AC; I-.X2 iLCC!tiltC, illlC1 iL r’CgeIlC!IXtioIl pwwclurc of tllc resin 
~VXS clc\Yhp!cl. ‘I’0 CVilIUiLtC till! :\(; I-SZ iLC!l>tiltC iL!liOIl-l!SCllilIl@2 wsin, four IOO-/lfi; 

Sti~Ilcl~lrClS of c;lCIl IXlSU pIUS rihoso :LllCl I-I,,POJ \vcrc iLll~Ll~~ZL?Cl, iLIlCl till! ‘,‘;, rccovcr; 
is prcscntod in ‘I’ill)lC II. X0 rcsiri “IincH” uxrc olxcrvccl in tlic s~implcs, aiicl tlic 
~llrollliLto~rEllllS wwc free of LlStl’iLIlC~~~LlS lWitliS;. 

Stm irlr icro scrr~fdcs 
~~ll;llySiS of scniinlicro (m, I0 /ifi (!).: 11iLSC) st;LIiClnrclS using tllc single-column 

lxwxclurc! \vit II :\G I -S 2 SIIo\\‘CCl tll;Lt all of tllc i1ilSCS uvrc? ClLliLlltit~TtiW?l~* rwmwccl, 
‘I‘llu following iL~‘Cr’iL#.? ‘:i’, rccw*crics wwc! crldxitml from four indtcpcnclcnt scniimicro 
StiLIltlilrdS l>lLIS ribosc ilIld ]JllOS]‘lliltC: U 8,j ‘JO, ‘I‘ 93 ‘.!:), C 92 ‘,!;,, . . .A 8.j ‘);,, illld Cl ST, 111 

,I,. 

AT(-) e.str;Lncrms })CiLlCS clue to rilxw ClC~r:LdiLtioIl prnclucts, 11ll(3S~‘lliltC?, or resin “tints” 

wcrc fr~untl on tlic ~:llrnlll:Ltc~~~1’;LlllS. 



3jS I). I<. .J...\J;JSC;S, ‘(‘:, 11’. C;J1JJJ<JSI: 

El,llill~*Z4L!Cl Fit tllf2 1lliLCrO lC!VCl (I lllfi llf IZSk\ ('Jr CU. 100 f/g c;i’: i)il.SC) using tllC Sill,ilo- 

c01~1t71.11 procdurc cIcscrilxx1 ;~l~uvc. ‘1’11~ 1110lu '.I;, c3mipositic~ll fllr CilCYll t)']X! Of 1\1S;\ 

\ViLS C~llCUl~LtC!Cl l>?: tllc fOIVll,lIl~l l>I?_!SCIltCCl l_!il~lil!l’, illltl tllWC \‘ilIUW, iLIOllfi \\‘itll tllc.! 

stt;~IlClaIYl Cic:vj;dims, :LI’C ]ll*l!S~lltd in ‘I‘iLlJlC: III. ‘I’lll! litC!r’i~tUlY: \*alllcS for tllc* >‘l!ilSt 

IZS:\ II ant1 ‘I’hl\‘-13X.4 ~\*c!I*c oldi~illCC1 ~IUIII ‘J’ldC Clittit I>>* 1.1~. SJ:JIC;AI., Ihi>r~~trllullt 
oi Genetics, Uiiivcrsit~* of hIissouri. ‘I’lie \*alui!s r~bt;~iIiccl I,!* tllc (;I,(.’ lwowcIu~~c~ \\we 

in csccllcnt agrcciiwiit n*itlI tllosct ol~tainccl I>>* ‘1*1X. l;igs. 1-J SlIO\\’ t!‘l1il:ill Clll’~JllliLt~J- 

61’iLlllS f?f tlll! 12s t\ ‘S illlLl.l>*ZC!Cl. l’:iLl~ll I)C;LI< l~l2~~~l!Sl!1l tS iL]~~~~~~Sill~i~tC!l~~ I I//g injcctcxl. 

_______.._ -I..-._-_ ..- _ _.-“-._______.-_-.-_.- ----.. _--.--._-..I---.-_-.-_---.--_-_.- -.. .__-. ._.,_. “_, ,.._,_ .____.._ _._.._ 

I I ‘cisqliP IQ .\‘.*I ,I I~llr* ‘,I;, cwir~fw~ili~~r~ 11 i_ *\*.I).~’ 

(I/A’) -..----.._-------------.--.--__... .__ *._“--. .-_-- ..__. -_-_. . ___,_____ 

l.j c: .*I (; 

_,. .,_ ..I.... ..I_.,_I..... -,_.-.___.-_- _-__ __-.- _LI_I_ .---_--._- .-._-._ ---- .._. __.- _..__ ..___ _... _____.__. _” ____..._ 

For tlw annlysis of RN;\ at tile se]iiiiiiicro Ic~~cl, I00 pg c-if RX:\ (w, 10 pg (i$ 

Insc) were carriccl tlirougli tlw siIq$c+coluIiui lm~wclurc!. ‘l‘li~ ri10lc I;,, C:oIillxJsitioIl 

plus staiidarcl ClcVii~tic?llS foI cdl t_\*lX! Of IiN:\ WC given in ‘I’iLl’)Il? I II, ‘I’l]c resl]lts 

agt’cc rluitc Well witlI tll0SC oldXiIlC!d fIVIl1 Il1;LCl’l~ SiLllIl>ICS :lllCI lvitll ‘1’J.C litc!l’iIttlI% 

V~LluCS, ‘I’>-pica1 ~ll~Oll~i~t~~~r’~~lllS fO1 sciiii]iiicrc~ saiiil~~lcs of RN.4 wc! sl~wwi iii I:igs, _c 

;l]l(l 5, ]kClL JX.!;Lk IQl>IYS;clltS ;ll~l)~c).~illli~tcl~~ 250 IIg iiijwtcd. lkxtts~! nf itiilm]*i tic2 

ill tl]c l<.Y:\, SlJlllc? S:~lllplC!S crmtxiiic!tl ;1.cJ little ilS j jtg Of l!iLCII l)ilSC. SO ~>l’c~lJl~lllS 

I\‘cye f3l~cJLlIltCrCXl CluC to tllis Clc!(!I’C!ilsl! iI> tOtill l<.\1::\ r)l’ fI’OIl1 tlli! iIiJ]mritiCS ill tlIC! 

Si~llll)lC! iLllill~‘%CCl. 

1I;itial cspcriJmiits slIo\vc:Cl tllilt tllc II~~clrol~~Sis of 11X:\ \vitlI ;c, ‘I,, lwrclIloric 

wit1 \\‘ils tltIsittiSr;lctl)ry. <lIlly 30 ‘!;J Of tile tliyii~iiic: \\‘iLS WCO\WX!d LllltlC~ tllc 11~‘cllY~l- 

ysis ecmditicms used. ,JoJ<l>;\s”’ iIlcliGLtcX1 tllilt pwcl]lo]~ic~ iKid \\‘iLS llot tllc l'f.!ilgc!lt 
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Ipig:. 2. C;l.C Cllt'lJlllilt0~riLlll 0I ‘I’.IIS fIcrivirti\*cs Of IlilSl!S iri yt2iLSt Its;\ 1 I ..-.- IlliICl'Cl iIllill~S;iS. 

l:oI' ClIl'tllc1' ill~c~l'llliLtioll. *cl: tllcl Il*gclltl to I:ig. 1. 

of (3lioicc fol’ I_)N:\, hit tllilt ~~I~Il~~ClltriLtCCl furmic: acid pllls 1)X.-\ llC;Lti:cl in ;L ~:IoSCcl 
tulx! at :I75 “’ for a 11 g;1tx ~:c~fKl results. ‘I’lic forllliC wit1 I~yclrc~l~*sis iiuAlloc1 was fouiicl 

to I?C SiLtiSfil(:tCJrj* for 1)X:\, 11111: IlOt f01 RX:\ ilS uriclj*lic wicl \VitS llot l:~~lllplC!tcl~~ 

Il_\?CI~Ol~*Z~Cl tc-1 tlriLCil. 
;\ISO, tllC! OIlC-l~~~I11ll1l1 ~IIl!iLlltl~~ l1lCtll~K1 IlilCl t0 IIC sli~lltly mcditiccl fl)r’ ilIlill)*SiS 

Of 11X:\ I~UCilUSC tile formic iKid \VilS llf)t StIY)ll~ C*lOU~11 tc.1 IiCtl!l' ill1 tllC! I>i\Sl!S ILS 
ciltiOIlS. ‘I‘IIC purincs tl?llClC!Cl t0 IX! IXLrtiilll?’ rctainc~cl I>)* tllc illliOll-l!SCIlillI~C n_Arl 

\Vltll \\:iLtCl’ iIS \t’ilSll. IILlt \VllC!ll I .I’ ;tc:ctic iU:iCl \VilS tlWCl t0 C’lUtC! till! IYliLSl!S, illI \\‘CI’C 
C~~l:llltitiLti\‘CI~ rcCo\‘cWCI. 

‘I’\\‘0 t!‘l?l!S Of IIS:\ (SilllllCJ11 S]lCl’lll IIS:\ i1llCl CiLII’ tll~‘lll1lS I IS.*\) \\‘C!l’l! ~L1IilI~‘%CCl 
1))’ till! IllC!tllOtl I~l’O~ZJf>S’cCl illIlJ\*U. Chc! Illilli~riLIll of IIS;\ ~vi1.c; Ii~~clr~ol~*xix~l \vitll o,.‘i 1111 

of cjs tc, 100 I.‘;, fot’nlic iKid ilt 1’75“ f0I’ ?: Il. ‘I’IIC SiLlll~~Il!S \\‘Cl’C! ~ilrl’il!tl tllrr)ugli tllc 
oi1u-c31lutlii~ nlutllr)Cl wing I :V ilWtiC! ilC.!iCl t0 (:llltl! tllL! l~Oll.llKlll. ‘I’ll0 ;I\‘c!r’il~t! 111Oll! 

‘!;, amipoSiti01i fr,r l!~LCll 1)X:\ \ViLS ~illC~1I1iltL!Cl ;lllCl tllL!Sl! \‘illUCS l3ltlS till! St~lIlClil~Cl 

clc~~htiom ;ll’t: gi\*cw in ‘I’ill)lU IV. ‘I’lIl! litl!t’iLtlllI! Villtll!S \\‘l!l’l! ~~IJlilillCCl fl’Oll1 SOl4l<l<‘S 
l/tl~ltbl~f~f~lt v)’ /31w/wu~isIr~~. ‘I’IIC \?illlll!S Ol)tilillL!Cl fOl’ tllc! Si;lllllOll S~X_!l~lll l.)S:\ ilcI*t’Cl!Cl 
ClCWJl!* witli tlll! Iitl!I’iltlll’C! \*illl.lC!S, I>tlt tllc cillf tll~‘lll~lS IIS:\ \‘iLlllC!S fO1’ tll~7llinc 

\VC!tU IO\\! illlC.1 f01’ c*ytcrSiiic \\‘C!W Iiigll iLS (:Ollll~i\!a(!Cl to tllc IitCl’itttll’C. It is I>oSsil,lc 
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I:ig:. II. (;I.<‘. ~lll'OllliltO~l'illll Of ‘I’AIS tl~~ri\*ikt ii23 of II;LSC~ iii SiiIii1011 slx!ritl l)S,.\ -.. III:LC:~‘O 

;lll;ll~SiS;. ~~0~1111111: 1IJ \V/\\",';, (it: sI:-.<O (Ill IllI>/I.ZII Ill. :I ~II~~l!~CII~lCIl't. I III :a: .I 111111 l.l>. KIiLSS;. 

III~~~‘~III~~:II~~;LI coiitlitioiis: 7..;“/ iliiii tl~lll~X!l'iltlll'I' I~r't)~i~.::l fl'l~lll f)Il",-2,jCl" wit11 il .I-liliti iiiitiirl 

110111. ;\t.tciiit:itic~ii: 1.2 x to I’ ;i.f.S. IIS;\ Si;ititld~:: i III’:: 

I IltI~l'llill Stilllllill'Il i ~lllI~lI~LlltlIt'CIII.1~ 

:.::ClI ~WiLlC tI*llt’c.w~llls r-f/. I ,tg illjcclwl. 

I I~~~li*ol~*sis \villi fol*l::'f: .;ici(l iI I7.j" fIrI' 2 II. l~~l~-csi:ll;~~~g:c 

cIl!:lIlIIp I,y tt1c IllllJ-C0IIII11I1 lllclllcIIl (III ;t I(:10 :.I I j 111111 l:IJllllllll \~;lSlll:Il wiLli I ,V itCt_*t ilZ ;lCill. 
Silyl;llic.~ll will! ~IKJ pl 1<6’1’1::\ :tt~cI Iflo /II i~cuti,tiiltGlu itt l.jo" IIll l,j iiiiti. 

I:ig:. 7, (;I.(.: (:Iii’l,i1i;tlcl~l’iltii of llii! I~;~sc!s iii c;rlI’ LIiyIIItis I I.%;\ .-‘I ill;ict*o ;Lii;ll>*si,s.a I’III* ~III*~~II*I* 

iii~oi~lil:Llioii, sw IIN.! Icg:ctiitl Lo I:ix. I). 



\‘;llllCS oI>t;tinocl l+rOlll lllil~'l'0 .C;it.tl)]lIl~.C ill 

01' :t si!tliiliii(*rc) s:~_ri~l~l~! of s(;~I~ii~ii slwrii~ 
I>S;\. I:ig:. S SllO\\‘S ;L t>*l>ic:;lI ~‘lll’l~lllilt~~~l.illll 

IIS;\. 13itC*h lx!;tl< l’i~l~I’wollt8 350 llg itlj~v*tc!rl. 

J& , 0 1 0.3 710 'C 

b 70 74 MIN 

I;&:. S. (;I.(' clll'r~lll;ttc~~I';lIll 11f 'I'AIS tlc~ri\.;iti\39 0I ll;lsc9 iti ~iLllllClII s1x'rllI I IS;\ -. sc~IIIinlicr3~ 
itiwlysis. ~.'I~~IIIIII~ : i 1) w/iv ‘I,, tic.’ si:-.{O I111 100/120 IlIl'HIl Sllpl*lc:lrp'l~t, I I,, :a: .# 111111 I.1 1. :,:hes. 

lll~tI'~lIll~!lltiIl coll~litic~ils: ~.5"/iliill tl~lll~ll~l'iltllW Ial'rI ~I'iIIll fI~I1lll C)~~"-..!.jO" \vitll iL .I-llliii illitiill 

IIoI(I. .\ttc-illliitioli: .~.2 :i IO""' i1.f.B. I)S;\ s;llllpl~~: I00 11::; c;lc:ll l)c;tI; lY~~~rc:scllt?; 2.j” llg iiljwtctl. 

IlltC~l'l1ill ~t~llltll'illl : ~lll~'llillltlll'C'IlC. lI~IIl*c~l>%is witll I'orrliic iIl:itl ilt 17-j ’ ftlr’ 2 Il. IIlll-l~.~~llilll~~l~ 
~:ll:;lllll~' Ily tIl<* Illll!-cc~lIllllll 11l~'tilIl~I Oil il IOIl :a' lfj 111111 ;\c; I-S.! :lcc~t;ttc CII~IIIIIII w;ieli~-cl witli 
I .\’ ilCc~tiC iICicl. Sil>*libtic8ii witli IcIIt r/I l~S’l’l~;\ ;lllcl If111 jtl ;tci~tc)tiitrilc* :lt l_jl,l" IIII' I$ iliiii. 

O,lc'-colrlrrrlr Illl’fliOd 

'l'lll.! S~ll~~~!~~~.~~~~LlIllll ~Jrl_Jl.Y.!dttrU 1lSillg :\(; I-S2 ;wct;Ltc ;Liiioli-(JscII;tii~lI rcsiii 

clc~*~!l~~l~txl for c:lc;liiing lll~LC1’l~ :lllCl sciilililic:ro Il\~tl~Ol~~S~ltl!S \\‘;I3 fUllJ* cVillUiltC!fl iLS 

iL ~:l~!;Lllul~ lll~!tliod I’o1’ nlic:r0 s;;IlllplC ;LlliLI~‘SiS, Initial c!slwririiciits sl1ow~1 tllat c!strcinc 
CiLr'C! iii II;llldlill~ S;Ulll~l~!S \\‘;LS Ill!(~C!SSill’~’ to l~IX.!\‘l!llt C~~lllt~Llllilliltioll. ‘I’IIC wsiri “lillcs” 

111ust Ix colll,‘l;!tcly I-olllo\~l!cl, tllc tuilgC!lltS fIXX Of imlmritics, illlCl tllc 13S’l’l~:\ Of 

cSccllcllt ~,tliLlit~*, 15\‘011 \vitll tlluW (‘ilI’Cfll1 tCl:llllicltlCS, till! lxirirws xclcmiiic ilt-1c.l ~UilllillL! 

\\‘cW llot 1XXotVITCl fl’Oll1 tllc ;lIiic)Il-csclIilllgc COlUIllll. 

I II cslwri iwri ts to rc~31vcr tllu purincs, tllc! illliIIll-cScllilll~:(J 1~0l1111111.S \\'CW 

cltltccl \\*itll clilutc aI:id (Hcl or' wctic ilcitl). ‘I’llu fmrine rcCoVcrJ* \\‘iLS sliglltl>* Ixtttct 
(iL}~,~~~~.Silllilt~!l~~ 20 “,, for dciiinc illlC1 ~tlilllilll!), IILlt still to0 lO\V f0t’ il surili-c,“;tiititlt- 
ti1.c: ;LllilI~‘SiS. :\I1 iLCidic: iLllil~~ll-~!SCIIiL1l~~ COllllllll \VrLS C\‘~LI11;LtC<I ilIlC, till! wco~wics 

u7.m iinproxwl, hit still lfnv. \\;Ilull tllc rcsiii Collllllll \V;tS l2\‘~.l~~tlilt~~tl to I’CIllo\‘(: 

tt’illJl)oCl ilir, tllc rcstiltiiig Clll'Ollliltfl~,'t'itll~S \VCr'l! ~lC?illlc~, I>llt tllI_! r't!l!O\,Ct'?, \\'ilS IlIlt 

iiiipt'ot*d ‘l’l~csc cspcritiiwts illClic:iltcCl tllilt tllc siiiglc-cr~luiiln IlliLCr’O 01’ sutiiiriiicr~.) 

l~rowclur~, c!\2:li \vitli Illo~lilic~ittiIlllS, \VCllllCl 1lOt S(!I'\'C! ;LS il CZlcilllU}J llll!tllOd for tllU 

iIlliLlj*SiS Of nucleic.: ilcid Il~~tll*~ll~~S;at~!S ilt till! iiiicm~ IC\‘l!l. 



‘1’11~ ;LIIO\~C l!sJ>l!rilll~:tltS sl~~\~C!tl tll;tt ;tcJl:tlille ~IICI CfLLittlill<! ;Lt tllc: nlic:rcJ lt!\~c:l 

\\'C!l'~! IllSt 011 I)il.t+ill~ tlll’~JLl~ll till: illli~~ll-~~.~l:llilll~~! ClIllllllll. ‘I’lli_! t\(; I-XL? ilCYC!t~ltl_! 

wsili 1*11tl1cl Ilil.\‘C! ;L(:ti\'l! sitoS 011 wlli(.:ll tllc: put’inc!S \\x_!l’c Iwing I~cl~l, tllus pr'u\*ciiting 

tllc:llL II’(llll IJil5sillg tlll’0ll~Il tllc: ~‘~~ltllllll. 

Otlli!l' icbll-c!Sl’lliLll~(: wsins, \vitll :1 cli!‘:c:r’w t }~~ll~‘lllol~ I;Lttim 01’ il cliI’fuWllt 

futlc:tilmiLI ,qrou1~ 1'1'11111 :\c; r-.X2, migllt gift: tllc: dcsiwcl IV_!l:CJ\I!~~’ 01’ t.llCSu l~ilSl!S, 

‘1’111: f~~Il~~u+it~c: lel!s;illS \\‘Cl’C: ~!\‘illtlil.tl!Cl ilS poSsil,lc l’l!~~lil~~l~lllC~llts 1’01’ :\(; I-S3 : :\C; 

;s-S-1, Virl-J<cs 0, ~\I11Ix!rlitc! J li--~l~~. illlll ;\rlllJulitc <I(;-120. ‘I’0 C!\‘~lILliLtC c!;L(.:ll resin, 

it \\‘ilS l:;ll’~.!fLlll\* ~~!~~~lll!l’iLtl!l.l, iLIlt tllc! wsill “liIll_!S” I’C!IIIO\*O~, I’( 111t’ St;LncliLt’clS (ICI ,trg, 

2 j/K. ;Lll(l t\\‘O .500 Ilg ((1, I>ilSl!) I\‘l!I’C tlll!ll l.~ll_!illlC!Cl II>’ l!ill~ll rusiti. *l’llC! ;\(; s-.X_C rcsiti 

gil\*t.! \*~!r>* c*lc!itIl ~‘Jll’r~Il~;tftJ~~itt11~ iIll< ~OOtl Wl’l wc:t’iCs 01 iLl1 tilt! I)iLS;OS 1’01’ till: IO-,l!g 

St~lllClill’Cl, l>Ut till! ru:ri\wim Of ;dwilic: illll~1 ~UilllillL! ilt till! .jC.W-llg Il.!\*Cl \\‘CI’C ;iguin 

IIIW. 01111:r l!slwririicmts \vitli IiLocli!ii‘;itiritis g;l~x: aimihr results at tllc micro Jc\*cl. 

.14io-l<l~s 0 ;Lllcl AnLIJditc! J Ji-_IJZ Kil\'C! IXII ,1' l'l.!l'~ J\*cric5 ilt tllC IO-/!g Of C!CLClI I>aSC Il!\‘C!l, 

;lllCl tlii: ~:l~r’f~ltl~~t~~I’i~Il~~ l.‘~~lltiLilll’~~ IlliL11~’ l~.~tr’illll!OllS Jll!iLIiS. l<\‘Cll \\‘itll l!.Sli;lUSti\'C 

~l!~,‘~!llt!l’iLtI~JIl, till! l.‘lll’~Jlll~LtfI~:1’~ll11s \~‘C!I’L.! Llllil~.~~~l.!~~till~l~!. :\riilwrlitc! (‘(;-X20, il cation- 

c.Sc’l lilll~<l.! wsiri, .* :‘.I\‘l! Imt’inc! l’~.!~‘ll\‘l!l’>’ (II’ +jO “,, il t tllc mic.ml JCLTI, l)llt tllc p~*rimiclirloS 

\\'(?I'<! ('I llllplt!tl~ly lost. i\clclitioIlitl es1wriiiil~lits clitl Ililt inil)i*o\*i! tlli! purinc t’ix:c~\+c~rii.3, 

;mfl tl~c p>*ririiillincs uvn: not ilotoi*twl. 

~:llfrr’l’orrl l*rdlrllrlr c~ll"trrlrrl, 

'1'1 I(! i( Jll-I!Sl’I Iilll~l_’ Il~l~‘tllocIs #L\‘l! lJOO1 l’l*l.Y n*wic:s fc 11’ till! put’iiics, iLClC!IlillC illltl 

giiitninc!. ilt till.! m.ic*ro IC\‘C!l. ;\ Ill~!tll~lCl Of ~*ll!iltlill ,< llJ> tliic’l’o SilIllJ)ICS of tile IX\SCS 

IIilCl lJC.!CII C.lC\*OlO~~CCl II>’ 1’Ira (:;\I<Ia S;\SIXC;l<IQ, :\IIICS J<csl!ilrcJl C’clltc!r-N:\S/\, I>ltt 

tliiS tiic$llc~cl 11;tcl not Iwuri uSt!cl in i~cwjLitil*tion \\*itli (;I_(.: SO till! lllL!tllCJCl \VilS fLlll>' 

stuclitxl. I llitiill ~:.s~wt'inic.wts ilt tltc: w~nitiiiw~ (I0 /rg (I/. IxlSC) Ic!\*c!l sllc~~Vet1 tllc l’c~oll- 

(.!rittil )II JIl’Ol.~l!l~Ul’~! cIc\*uI( )llt_!Cl 1)~ III*, S;\SISc;IW did not I’c!llIiI\‘c! iLlI cif tllc iliLpLiritic!s 

f1'01ii tllc Cll~ll'C'lJiLI, ;Lllcl tllusc: itiiptiritics intcrfiwtl u*itlt till: l'lll'llllliLtll~:t'iL~~ll?, of tllc 

I,;Is;~+ II>* (; I.(‘. ‘I’l~tts, till! ~~l~itr~~~~itl \\‘iLs l.!slti\tlsti\*cl\* \\*ilsJll!tl \vitlt c:lJllc.‘Ctltriltl!d 

fomiic: il(.:iC.l (till: l!lLltitl~ l'c!~l~Cllt) ill111 u~itli \\'iltl!r' tc 1 1'1!11'10\'1! ilS IllUCll of tflc imJmritics 

it>; lxvssil)ll:. \\‘itll tllis ~IIX!JXLW<I (~JliLrl~()ill, tllc: sw~itiii~w~ os1wrimcrit \VilS l’iT1111 \vitll 

g’ II ICI I’CSlll tSi. ‘I’IIC il\‘Cl’ilg:C ‘,I,‘, rwo~*q* fol’ t\\‘clVc wmi~ilicro StiLIlCIilI’CIS c:cmt;tiliing 

I-I :, I ‘( I., illltl rilJos(: \\‘l!W: 1; !)z “11, ‘I’ (13 ‘,!#I, c: I0.j "/), ;\ CJij ",,, illlCI <; 00 ‘,‘,,. x,:0 

~,!~tl’illl~!l 1LlS ~Jl~iLliS \\‘Cl’(! lll~Sl!l*\~l!~l 011 till! l:ll~~J~ll~lto~~i111~ c~u<! to tJlc 1wrc:llIoric: itc.:id, 

I-I:,J’( I,!, III- rilxw: ;lIlcl oIlI>* Iilinor 1Il’iLliS \ViTc! cluti!C~tc!Cl ;LS oming ft’i~ll~ tllc ~:ll;tlY:o;\I. 

\\'itll tllis llll:tlloCl ilIlC1 tllc forndc il.l*iCl \\YtSllcCl C~llill+l~lJ~ll, cspcriniwts \VcI’C 

tllc!ll 111;\tl~ to dctcr~~litlc ~IIC WC:O\*CI*>* of tilt_! I>iLscs ;Lt tllc mic*ro (LOO 11~: (/T l>ilsc) JCVCI. 

‘J’lll: ~.‘olltiLtllill;ttiotl fro111 tllc (‘llill*~.‘~)ill ~~I~sc~\~cxI in tllc initial sctnimiwo cs1wrimcnt 

t\‘ilS ;LgiLill I~!‘l!Sl!llt SO tlll! n.!l.‘C J\'c!q* (:I JUld not IJO ~lSW??i~illccl. IiLlr’tll~!t’ t’L?@!llC!IYLtiOll 

ol’ tlic ~.TlliLl’l.‘l~11l tlicl not ri:llu~\‘c tile itiiJxiritiC.5 so tllc InctilcIcl ~olllcl not lx usccl ftil 

niim) ill1ill~~SiS llf titic:lcic: iLCiC.1 ll~‘~l~Ol~‘Siltl!S, llO~\‘l!\‘l!l’, tl1c 111ctl10t1 l3~lllcl lx! usl!cl 

f111' wlniitiic:ro illlill~~Sl!S lvitll good Slll:l’l!SS. 



of iwill ncctlccl to rcmu~vc! tlw int~:rf~!ring C~III~~I~II~~~ ~3~ulrl IX 101~~~r~~tl. 'l'l~(: I~!ss 

resin ctii~~l~~~2.~c.l f01 “lciltlup \\‘oLllcl Oi’ll!l fcuw :Icti\*o sitw for possil)lc! ;L(lsorl3ti(111 

of tllc pirrincs;. ;\lso, ;L “Sil;LIIi%C!cl” C:lLlSS \VOOl IIlUg \ViLS llSl!Cl in ])lilC~C of 1101’111;lI sgl;lS;s 

\Vool to dc!c:W:Lsc ilCti\‘l! sitm;. \\‘itiJ tllcsc iClOiLS, c!slxriJJlc:JJts \\‘c’Jy ~*~)Jltluctc!(l \\*itlJ 

50 pl p.m.:lilc wit: ;Lcicl l-01’ I~~*clrol~~~is, ill1 :\(; .!-S2 il~~~~tiltl! ;~llic~tl-c!sc’ll~lIl~l! l’01u11111 

01’ IO0 >; _F 111111, illlCl 2-j :*: 1 nil of tripI>* clistillc!tl \v;Ltc:r W \ViLSJI. 1liiti;t.l c.slx~rilinwt.s 

slio\\'ul pi-oviiiw n-it11 iL~1L!llillC! illlrl gwininc: Idi C: l’C!l’O\‘l!lT11 ilt ;I~~~~l’~lSilllilt~~I~~ f IO ‘I,,. 

Usill!: \‘Cl+J: (:ilrl’TLll tec.liiiiclrl+.:S, t\Vi!l\W tni(*ro (~jO0 llg fr/ l)ilSC!) StiL1IC1iLI’CIS \\‘(.:l’~J’ c~;trri~.!cl 

tl1l’~~ll~ll tilt! Ill~!tlll~Cl kvitll il.11 iL\‘(.!1’iLct! l’l.!~~l~\‘~!l’~’ Of 1.; 00 ‘I,‘,, ‘I’ 5;s “,,, (.Y (I”> ‘I,,, ;\ 70 I’,,, 

;Lll(l (; 0-j “1,. Ill ~~!ll~?l+ill, tllc!SL! \‘iLIllUS \\‘l!JI! tO0 IO\\' fO1' ~00~1 (Ill;llltit;Lti\'l: ;LIl;ll\'SiS, 

I>llt 1'0111~1 IX! IlScCl fOl* Sc:llli-~~~lillltitilti\~~! (1;Ltil. ‘I’llt! 111cblt: “1, t:oIil.lxlsitioll t of l<S.+\ 

01’ IJS;\ ilt tilt.! iiiic*ro Ii!\?:1 i:oUlcl IJo ~;ciiii-cl"iLiitit:lti\'(!l?' clctcq~iiiitlc!tl. 

/?,\:.I trutrlyis 
‘I’ll0 tlll’C!l! t>‘I)l!S OI’ IZS2\ (j’l!iLSt IiS:\ I iLll(,l II, illltl ‘I’11 \‘-IZS;\) il1IiLI~‘%l’~I ilt 

tllc IllilC~l’O (I I’IIG l<S:\) ;LIld scmlimic:ro (JO0 ,//x l<S:\) Ic\*c!~s \\‘cI*c i~nill>*xt>cI ilt till: 

miwo (5 f4g 13s:\) Ii!\%1 I I>' tllu IllC!tll0Cl outlillcxl :ll)cb\‘C. 1;0111’ imlqwnclcrlt SiLlll]>ll!S 

Of CilCll tJ’]IC! Of IiS. \Vl!YC! iLllill~‘%L!Cl, ILllCl tllC! il\‘l:r’;L~l! 111011! ‘I,, coJii~~~Sit.ioJi iS gi\*cli 

ill ‘I’illYlll! \‘. ‘I’lll! \*illUCS (:OllI~Xlrl2 \Vl!Il \vit;l till! lllOll! I';, c~on1positio~i ol)tiLiIll!d ilt tliu 

IlliLCI’O Il:\FCI, C!\‘Cll tllOtl~l1 tllc! inic:ro iI.lliLl?'S(!S \\'t!l'C! Olll~* sctiii-cluilntit;lti~~~!. I:iK. f) 

SllO\\*S IL tylJiC:iLl ~_~111’~~~IlI~LtO~l’i1111 fO1’ ?‘CilSt IiS:\ I I ilt till? mic:r0 Il:!\‘C!l. 13il(‘ll I)C;ll< 

rc]m.w~Jlts iL1)1)~OSit71~LtCl~’ 30 llg injcc:tc:cl. 

- 
'1 \\'ciKllt .: wciglit rlf I<S;\ Sil!lll>ll.?~ 

'I ;\llJlC ‘I;, c~lllll~l~SitifJll = l~lncJlos~,/rllll"Il!S.,'~,,,,~ :< IIIII, 

" I:lBll~ ititlcl~cti~lcnt iLII~LI~Sl!S CIII'C;lCll l<S:\.‘l’llC Slilllllill*Cl tlc\‘iitlic~tl I’iCII~l’11 1’1’0111 i C,._j 141 : I ;, 

‘I ;\\‘C1’;1~:(! \'illllC for CiICll l<S;\ ELI. I Ill! Ill;ICI'O Il*\‘Cl. 

'I'\Vll tj’llL!S Of I.>S.LI (SiLlIll S~ll!~lll IIS;\ illld cillf tll~~tllllS IIS:I) tllilt \\‘CI’C 

~lllil.l?*Zl!Cl ;Lt till! flL;LC:r’C~ ill1Cl scJllill~icr0 IC\‘l!lS \Vl!t'l! ~Lll;ll~~Z~!Cl ilt tllc: niif.:ro lc\*cl. 'l'o 

ll~drc3l~Zc till: 12X':\, 100 /Cl Of COllCL!Iltr’iLtl~~l formic iKid \VC!rC USCCI to pl*c\‘cJit tll>*JlJiJlC 



G 
! 

I:&. II. t ;I,(' ~lll'olll;tI~~~t'illlI of '1'315 cll*l'i\';Il ix2.3 Of IlilSL's 

t*t II1111111 : 10 w/w 'I,) t;t: sI~-~(o OII lOO/l2l~ 1110sl1 tilllx!lc1q"'t't, 

110-c I?,* , _. i-&O@ lOi> ,... . ‘.J,T 135 **c 

e I? 16 70 a4 YE MIN 

iii \'c~itsl 1\1S:\ I I --- iiiicr0 i1lI;ll~SiS. 

I Ill :< .I 111111 I. 1). KlilSS. IllStl'IllllClltiL1 

coI11lili~~I1s: 7.5' /IIIiII ti!IIilx:I*a.t1Ir~! lwo1_:121111 1'roln 1,10"-2_jo" witli a .l-illill illiliill Ilolcl. :\tlC~iiu;ktioii : 
$ :.I ,I, II ;I. T.S. I\1 S;\ Silllll)ll* : _j (1:: : ~‘iICl1 l~C’ill< l'c*lll'cS1!llts l'f/. _(0 IlK iIijcctal. IIllCl'llill Hl~Ll1llill'1l : 
l~l11~I1iI111IIl'cI11!. I Iy1II'ol\*sis \vitll 70";, lwrcliloric ilCitl ilt 100" fOr .lcl Iiiiii. IOII-CSCII;LIl~:I! ClCiUlIll~ 

I,v 1llL~ OIIC-ColllIllll Illc'llIo1l 011 ;1 I00 :.: .I 111111 

I~S’I’I:;\, 2.j /‘I ilCc~tc~llill~il1~ illlcl 2.; 

;\t; l-S2 ilCUlillC C0llllllll. Sil~*l;~tioii with .;I) !/I 
//I tliclilc1roctli:1Iii~ ill l-j0 fol' .+o IIIiIi. 

I:ig. lo. l.;l..t' Clll*OIIIiLlO~I'~1III of ‘I’.\IS II(~I’i\*;tli\*c:s 0r II:LSC~ ii1 Silll11O11 s}x'~lll l>S;\ --_- Iiiicro il.llill\'SiS. 

t'0I1111111 : II-1 \\'I\\' ';#, t;t: $I:-,{u 011 100/1~l> lllL*sll Sll~'l!lcopl,l'l, I III :< .I 111111 I. I.). gh?;s. I llstrlllllcllt;ll 
coilclitilIii1;: i*_j”/ iIiiii tl.!l1ll~l!l'iltllI'l.' ~~I'~~~I*;III~ rI7)111 I.IIJ” -2.jI)” witI\ it .I-iiiiii illil.iill Iloltl. :\ttciiiiiitir~ii : 
8 .a I(, -II il.r.s. IIS,.\ Sillll~~lO : .j it!:: O;lCll l"!iLli I'l~}lr'l_~S~~l1tS CC/. .{fJ 11x illjL!Cl~tl. Illt~l'lli1l St;Llttlilr'tl : 
~~IIc~II:III~III~cII~~. I I~~~lImlysis wit11 100 o,, I’0mic :witl at r7.j” rrlt~ .! II. Ioll-;:scll;rll~~* clc*;rl,u}J I)>. tl1c 

olll'-coI1lIl1Il 1111'111011 011 ;I II~O >: _I 111111 :\c; I-S.: iLCC1’iLlP COIIIl1l1l. Sil~liltitrll with .jC> )/I ISS’I’IT:\. 
2.5 ,t/I iic~*toIiitril~~ ;IIIII 2-j j/I 1liclIl11I~oc~lli;1II~~ iit i.jo 0 for -{CJ Iiiiii. 

‘I’:\I~:l.I~ \‘I 

C:o.\(I'.\l(lSOS CJI: t;[.t' .\IlCl4C.J ASIJ Sl,\CI<O ,\.V,\I.YSIIS IJI' l),v.'\ ShSlt'l.lfS 

-j,H, llg Of CilClI ll;iSl* stilIIllilI'1l \\‘l’t’l’ cill’ri(Jcl tllr(ll1KIl clc;ttltil’ \\‘itli till! I>s:\ ‘5 to Cllr’l’1sct Iossl!s of 

tlllb II;ISOS 011 tlll* illliOl1 CSCllil1l~l! COllllllll. 

. . __ ,, _ ,_ __,,, __ .__ ,___ _.. .,,_._. ___.-.__-_ _______.___ _._._._--__.~_.....~..~-__..._--~~-~- __^....__ .._..__ . . ._ __........^ . 

I I -r~i,!$t:’ II.\‘.4 .1/0If~ I;;, c:lJ///~f)di/if)l/ll 
.__. ________ -..-~_-..--..----....__.-__-... -__-.._.-__- . .__ __~..._,_ _,_..-_-___ __.._ 
. . I c .*I (; 

-- _I__._____---._.-.- __._ . ____I _._- _..._I___. ._I.._ .w.-...._....... -.__ e.... .-_--__.- ._-. .-- ..-..-._.. ._.... 

S!U Sillll1Oll Sl)VVlll I IS;\” 
I IIlK" S;1l111011 s~Jl!"lll l.)S ;\I' 

5 II;: C’iilr tlivliiils ljS;\C* 
I Illgo' C’iilr lli).tii~ls l.)S:\c: 
I.il1~t':111II'c \*ilIlll' 

- -._- ..---. _I-- .-...-..._ _-- .-_..... 

1) \\‘cixlit .:- \vciglll of I )S:\ SillllllIC** 

I' .\llJlC I:;, ci~iii~msitif~il :;;i lllllcllcS,,/lllllol~s~,.,,,,,l x ICICJ. 

1' l~o1II~iII1lc~l~i~II1li~tItilll;ll~S~!s r0rw2lI I~S;\.'l'llCS~illlllirt'tlclc\~i;~~ioIl IY1:I~ccl fI'c1llI :I,: 0..3 ti1 ,.i- 2.7, 

11 .\\*i:r;lg:c: \*illlIl' rllr lailCll I IS:\ ilt tllc lIl;LC1'lJ IC\*Cl. 



y"' I). 14. l.r\l<lSr;S, <:. \\'. (;lit{l\'l<.l~ 

dl!~1’iLCiiLti( 111, \vliic.:l1 o~.:curs 011 I~y(lrolj*sis wit11 Iwr~:lllc,i*ic 

~~l~i~Ulllll \Vils ~\~ilSll~Ci \Vitll 0.5 :\ 
il(.:iCi, ‘I’IIC illli~~ll-c.~l.~llilll~~ 

il(:C!til: ilciti iI1 ]>lilC.TC Of \\‘iltCI’~‘tO ]>l’C!\‘cllt tilt! IJilSC!?; 
1r111n Iwin;: I~cld on tllc resin. ~til.llC1ill’tIS \t’CI’C! I’l!C~O\‘I!I’CCI usinK tllis Illl.‘t]lclc] ;Lt [j 

OS ‘,‘t,, ‘I‘ SO ‘,‘I,, C Sr) ‘,‘,p, -‘\ 7-c ‘,‘I,, illl(i (; 00 ‘1,). I“l)Ul' intic~wnclcnt si~lll]~lCS Of CiL(‘lI lJS:\ 
\\‘C!I’l? ilI1ill~~ZCCl illld tllr! iL\‘l.!I’il~U 1111 )I(! ‘,‘I, c:otil]3i)sitic)ii is gi\*w in ‘I’iLl)lC 1’1. ‘I’ll~! 

\‘illllCS fOl’ mii*r’c) m;tI~~.-;is (If SiLlIll.~ 111 s]ll!IV’l. l>Sr\ l’~~lll~~ill’C~i \\*clI \vit]l tllosic! ()I)t:iill(y] 

ilt tllC! 111~1~.'1'0 Il!I'l!l, illld till! C’itlf tll\*lllUS l.).S;\ 11101l! “(, c:cmil)ositic)li ilt tltc! Iilic*i*l) 
IC\‘Cl CI )lll~‘~il~l!Cl \VCll v+i tll I itCr’iLtUI’1: \‘illllCS, I>Ut 1101: \vitll tllC! \‘iLIUC,!S l~I~tiLilll!Ci ;Lt tllc 
lllil(:l’C J Ic\*cI I’( ~1’ t]l?*nliric. 'I'1 11: ]l?*dr-o]~;sis at t II:! I11i!,C*T4fI l~!\*t!l Illit>* Ili\\*c I>OC:II illl:c ~Ill],]~!tC: 
tliic to tlw u~mpc~sition of l>S:\, *’ ~~i\*ing IO\V tll\*rliiuc \‘iClIll!S. l;ig. JO sllo\\‘S il t!‘]>il*iL] 
~.~Ill’~~l11iltO~t’ilIl1 fol .j //k ” Of Silllll~~ll SlK?rlll l)Si\ 11\‘~11’Ol\‘%~.!C1 u’itll foriilic* ilC*iCl. ]:ill*]l 

I)CiLlS I’cr]WCSi:llts CC/. :jO Ilg injuctaci. 

SL’.\l31;\1<\’ ;\Sl) (.:l~sC:1.l.‘sIosS 

;\ c]Uillltitilti\*c (;l..C: Il1t!tllOCi IlilS I>C!lJll Clt!\‘C!lOlNXl fl)l’ tllC! illlil]>*siS Of ]l\*C]I*c)]\‘~;~~(!s 
of nucleic: m:icis at tllc! IlliLC~l’~~ (I lllC() illld sc!mirl~iwo (100 pg) ]t!\*c]S of tOtiLl 11Ut.*](*ic: 
iLC:iCiS illlC1 it S;c!llli-c]UiilltitiLti\‘i! Ill~!tllO~l fO1’ mic:i*o silllll~lCs (5 i/g of IiUc:]cic: ;LC’i(l). ;\I1 
il~liOl~-cScllil.11~~ ~.‘lC!~LIltl~~ ]>~OCYcClllIX!, wlIic:li giL\‘C ~~]UiLlltitiLti\‘l! l’C!I:O\‘C!1’~ of tliv ]>Urinu 
illl(l ]~~7*iiiiitiiiic IXLS(!S, YClll.O\‘C!Ci tllc ~~IIOSl~IIiLtl! ’ ,lIltl rilxw ~l!lC!ilSC!C,i clilring Ii~*cIrol~*sis 

Of till: Silllll~lC!, illld ciicl IlOt ilCiC1 intwfnr’iiig l~0lllpoUll~lS \vllivll \\‘011lcl ill’Cl!l’t tilt! 

Sil\‘liltic~ll illld Clll’OIll~ltO~‘r’il]~l1~’ Of tllC IiLSCS, \VilS ll~l!Cll!Cl. ‘I’IIC lillill l~ll.!iLllll]~ Illt.!t]lO(] 
consistctl of IL sillfill:-c:c)lllnl.n ]wo~xxlun~ using :\(‘ 1 I-S2 ;ll.‘C!tiltl! iLlliOIl-l!SC.‘lIilIl~t.’ I*c!sin. 
(.;J,C: iLll;ll?:SiS Of till! l>il.SC!S \VilS iL(:(:l ~niplisl~ctl I,* first votl\*ct’ting tlic.:lil to tllcil 

‘I’blS cleri\xtix*c \vitlt IZ,S'l'I~~\ ff~ll~~\\Y!Ci by ~.lll~0lll;lt0~I’il]~ll~’ 011 it lo \V,/\V ‘I;, (.I.(; S]:-~(J 
ICN!:I 20 lllCSll SUpl!l~:f’]x”‘t w~11111111, 

l;irst, iL t\VO-C~~lLlIl11l illliOll-CS~~IIiLll#.! ~~ll!il.llll]~ ~~lY~WClUlT_! \\‘iLS tlt2\*c.:]c)]>l!Cl \\~]li~:]l 

fiil\‘c CJOOC] 1’C(.ZO\‘c)I’? Of till_? I>ilSl!S \vitllout ilClCl~C1 l~Olltillllilliltic~ll. I-f O\\‘C\‘l’l’, tllis 

]W)CtX]UI’C \ViLS tiinc: c~msumiiig illld tIlLIS \V;LS moclilicc1. ‘I’IIC til0cliliililtic~ii.c; gil\‘l_! ris;c! 

to il siriglc c0lUlll.11 Cli!:lIIU~~ ~WOlWClUl?.! using :\( ; I-SC? iL(.TctiLtC! iLlliOIl-CSl~IIiL1l~~! Iwill, 
\vliicll &!iL\‘c 9-j t0 IO0 ‘,!;, I’CCO\‘C1’?’ Of tllc IliLSCS at till! IlliLl:r'O lU\‘Cl (IO0 ,“g !;I I,ilSl:) 

illld 8-j t.0 CJO “I, rcco~u-y at tllc scminlicro Icx’cl (10 1°C: C,i!i IIilSt!). 

Using tlw OIIC-CO~~I~~ cloaiiup nwtllotl, illlti tllC! sil\*htiii;: illlC1 Clll’OllliLtc~~~iL]~]liC 
c:oiicliticmS Cli!\:c!lf bIx:ci ~~ilt’li~!I’, tllrC?C! t>‘l>C!S Of I<S?\ (>‘C!ilSt IZSt\ I illlci II illlCl ‘I’;\]\‘- 
l<XI:,\) illlC1 t\VO tt}l(:S Of DS:\ (SiL1111.011 S])Crlll 1)X.‘\ iLllC1 1YiLlf tll~~lllllS IIS:\) \\‘1!1’1? 
iLllill~~;l.t2Cl ilt tilt! IllilC~r’O iLllC1 smdnlic:rr~ ll!\*c:lS. ‘I’IIC RS:\‘S \\‘wc I1\‘~1R~l~~zc!cl \\*itll 

70 I.‘;, I X!l%ll~lWiC ill;iC] illld tilt’! l>x:\‘S $VitIl CJS t0 IO0 “1, fcomlic wicl. i)S;\‘c.:c~ulcl not 
IN: t.]UiLlltitiLti\‘L’l~’ Il\~ClIT~l~~~~!Cl tvitll Iwrcllloric- iKid I)C!C?ilUSl! tll~miiio \\‘;lS ~~ill*ti;l]]>’ 
tii~stroyctl, illltl Cot’mi(: ilCiC1 clid not c:ornl)l~!tol~~ Il\drol~*xc uriclJ*lic: ;b(:icl in I< S:\ to 

UrilCil. ‘l’ll~! Il~lOlC I';, Cf~1ll]lOsitiO11 Of t!il(.Yll l<X.i\ illlC1 I.)S:\ \\‘ilS cI~:t~:t’~l~ill~!~l i\llCl fl~llll(] 
to IX! in @uNl il~~~!l!llll!1lt ivitlt \‘illUl!S I’i!l~l~l?l?Ci in till! litC.!l’iltllIX.!. 

.A llUllll,cr of pI’oIdl!nls \Vt:I’C oll~:ollllt~!l’l!t] in tlli.: Clc\~i!lo~~l~ll.!llt of it tlli(~i*o 

IllCtll0Cl f01' iLlliLl!'SiS t )f nucleic: ilC:idS (5 ,"g). 'l'lll! I)lll!-l.*OlUIllll Ill~.!tll~~tl 1lSw.l ff 11’ lll;Li’l’o 

illld s~:tiliti~ic:rc~ SilI1l]~lt!~ \VilS ~IIlSiltiSf~li~tc~~l~~~, I)CCil~lSl! tilt! prints;, ilClc!llillc illlCl ~lliLllill~!, 
\VCI’c llot I’f_x:O\‘WCci fl’olll till! ion-usc:llanxc ~Y~lU11111. SOIlll! ~~llilll~t_!S;, ini.:luciitig vlutitlg 

wit11 clilritc iLC:iCl, using ill1 xiciic coltlrilll, ~\'il~l.~iltill~ tllc rosin t0 1'1!1110\'C tl';l]>])i!C] 

ilir', ’ iLllC1 Cllilll~~ill~ tllif ioti-cscliilrijir! rcsiii, wre tricci \vitllout su~:c:ws. l;Zco )\w\* 

,/* Clrl'l,/r/f//~l~~,'., (ia! (I(_)Tl) ;J*li--.Sf’li 



.-\S:\L~‘SIS 01’ I3ASI1 c:o.\II’osI’1’Ic~s OF I<Sr\ .*\SI) 1)X:\ ~~~‘l~l~r~1.\‘$:\‘1’11s IS\’ c:;1.c 307 

at tllu smiiiiiicro Ic\*c!l \vitll wlllc of tllc Illr~clilici~tions \viLs grwd, I)llt ;Lt tl)c Iiii(*rr) 

(_jC)fI llg (k$ lwsc) IC\%l, tlio prints \Vc!t’i: Ilot nxr~~+im_~cl. 

.A l.Zll~llX:O~L1 cr~lU11111 CZlci~ll!_lp ~~1'rJ(~C!tlLl~~ \\';LS C~'~Ll~l;Ltl!Cl ilS il Jx)ssil,lc iLltC!1’IliLti\‘~! 

frrl’ niiir’rfr iLtliLl\‘SiS. ESU_!llcllt rcc*r)kwies :lt tllc scni.inlic:ro Ii:Vcl (rC> (‘4g (/!,I 1)a.s~) \\yy-c 

t ~I~tilill~tl, IXlt at tlic micro lC\‘cl, itilpuriticS frrmi tllc r:ll:tTTr~i~l (:oIuriin intc!rfcwcl 

kvitll tllc sil\*la.tirm i111Cl c:llr’~Jlll~Lt~~~r’~Ll~ll~ r)f tlli! IJilSCS. I<\*Cll \vitli CSIlilllSti\'C! ri!g:cli- 

wiltirm of CllillW )iLl illlC1 k*cr>* ~'ilt'l!f!Al tcc:l~niClwS, tllc inqmritics i:otllcl Ilot Ix: runir)\*ccJ. 

Ill tiiicro iLllill~'~l!~, tllc iLIlIrJLlIlt r)f iiuc:lcic* il(:itl S~llll]~lC USCCI \\';LS (_'rlllSiClcl~ill~l~~ 

rcCluccCI, tllUS tllc iLlll~)llIlt of pi!l'r.:lllr~~ir: iK:iCl llc!c!ClWl for Il~*Clrc)lysis ;lIlCl tlic illlir~ll- 
t~sc:l~;ui~c ~1~1utiui size used in tl~c cmc-i:r ~IUIllll Ill.i:tl)c 1c1 c*~,ultl lx! r:orr~sl~on~1in~l~~ 

IXClU(:utl. Using il 100 X 4 111111 :\(; r-.X2 ilcl!tiLtc iLllirlll-l!.~l:lIiLIl~l! c:r~lClIiiii t\*itll ;L 

Slllilll ]?lUg Of “SilillliZC!Cl” KlilSS \VflOl ill>O\*l.! tllc frittccl &flilSS disc iLIlt 50 //I of lx.m:lllr~ri~:. 

acid for Ii~*clrr.~l~*sis, iLII of tllc I>iLsl!S n’erc: scltli-cluiLntiti~ti\‘ol~’ rcxo\*wccl. .J.ittlc 

intcrl’cwncc frcull tllc iLtlioll-~S(:JIilllfiC! rosin \V;LS c~lwc!r~w.l on tltc l~Ilrr)lll;~tr)~I’;tlll~ 

80 tllc JwwcClurc~ iX~llltl I)C tlSC!cl frw WIlli-rlua.!ltititti~C~ ClC!tC'l'llliliiitir~~i r)f tlic: Il’lr~li! ‘I,, 

c:otiiJ~ositioii of IiS:\ r~r l.IS;\, 

\\:itll tliis nic!tlir)cl, tllc tlircc l<X::\‘s iLll(l t\VI) J)S:\‘S ~VCI’C ~I~~I~zccI ilt tl)e 

micro Ic!vcl ( 5 f/g of totnl nucll!ic: iKid). I-I~*clrr~l~*sis \vitll pcr~:l~loric ill:iCl kv;~s usl!Cl 

frw RS.4 iLllCl \vitll frwmil: ilC:iCl for IIS:\. ‘J’llc Illr~lc ‘,‘,‘, crmlJmsition for aI1 silllll>Jc!s 

\\‘ils in gr)r)tl ;tgrccnlcllt wit11 tI)u \*ilItlcs ~~l~t.;ti~~~:cl ;Lf tl)u mac*ro Ic\*cI (I 111~ (.)I’ tr,till 

nuclciv ilr:iCl) illlC1 \vitll litwixturi: \‘illUl!S. 


