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SUMMARY

A madel hoo beon prorosed (Lehay  and  Chandy 1982)  in
uhich s0lid surfesces can sct 2z o site for catalutic sctivity
of condensation rogpclions far certzin biomolecunles. From
thic nodely the zdscrelion cherscteristics of S7ATF and 97/AMP
onto the surfoce of Cz80Q,r ZH.0 wes chosen fTor study, It hes
heon  eroven  Lhst S7ATHF and S/AMP do adsorb onto the surface
of 038045 Studies were then mede to determine the deren-
dance of edeoretion versus timer concentrationy ionic
sirength snd rHe It weoe Tound thoat the adsorstion of the
macleotides dis  highly gH derendents primarile determined by
the whosphote seid zZrours of the nueeleic scid molecules From
Lhie investigstiony the dgles obtained ie discussed in
relatior LYo the the model for the srebiotic earth,

Thtroduction

The rossible role of soluble 23lte in chemical evolution

wee  recently dizecwesed in relgtior to fluctusting rrebiotice
environments (Lahev z2nd Chsengy 1982), In this environments 3
mordel we: wrroposed in which 2 hedratiorn-dehudration sustem
could have been resronsible for resctions of biomolecules.

Iring the dehuedreztion stede of such & modely some bio-
melecules tend to  leave the solution and concentrate at
certain microenvironmentsy such as micelles and asdgdgredates:
8t the liguid-dass interfacey and at the emergding solid
surfaces, In addition %0 inordsnic clavsy crystels of
cgluble salts mav have acted 25 siteg fov hHiomolecules to
leave the solution,

In 2 fluctusting environments such as a tiderools 1lazker
or wondy some of the dissolved salts bedin to leave solution

arnd form solid erustasls uron dehddrastion, It is on +these
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s0lid cruslzls that biomolecwles coan adsorb and rossiblu
rezct with one arnother to form ordenic comrlexes, Theny uron
rehudraetiony both  the biomolecules armd metal salts dissolve
haok into solution to rereat the process.,

Im ene investigation (Rishrons O‘Harsy Lahavr Lawlessy
1982y it wes found Lhat 7ATF catzluzes the formstion of
Glweine oligomers, It was also Tournd that sddition of MgCl,
ar ZnClz ineresssd  the wield by enhamecing the thermal
ctsbility of S/ATF, It was thoughi that samehow the Me¥t and
7" ione retarded the ruwroluysic of the of the ATF» which
would &llow & irester coneentrastion of ATF to resct with the
glucine,

Ti wes Lhen 3 subdecl of curicsity zs to the means by
which  the coluble selt acled in rotzrding this breshkdown.
From the zforenentioned medelsy one cen conceive of & wrrimor-
dial  leke or rond containing soluble saltsy nueleic acidsy
unt eming scides During dehwdrationy the concentration of
the coluytile sa3lt soon rezches 2 point st which the szlt is at
ites ssturation level. Any further dehudrztion will cause the
s&lt Lo form its hudrated crystslsy on which the adsorstion
of biomolecules can take rlzcey SATF being one of them.
Orice edsorbed omto the surface of the salty condensation
resgctions ¢sn become more faverasble due to the lower entrorpy
of the swgtem a3nd enhanced thermal stobilitw of the
micleotide.

ItV is with this scenario in mindg that exreriments in 2
laboratory were conceived, Since it was thouwsght thst nucleic

acids and #mino acids were sdsorhed onto the surfsce of  the
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metol celtcs i opiments were deviged to mecsure the smount

~nd charselerietics of such adsoretiony if  env. The two
tivmolecules chesen for Lhis investigation were S/ATF and
D/AMF. Origingl sludiee of gdsorrtion uwsing the soluble salt
MgCl, showoed no mecsursble adsorrtion, It was then decided
lo vse the less soluble szlt Caso;r in  hores thet & 1luss

coluble c2lt will rrovide = more stawre surfesce ares,

Eurerinentsl

The nucleic acid S'ATF uwas obteired from Fo &Ly
Riochemicals. The S AaMF was obte2imed from Roehringer
Mannhelm Pharmeceuticaise All sslts were analuticasl auaslity

ang  obtsined fyrom either Fishers J¢ Te EHakers orp
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n
=3
o
&

ree
Hellinckrodte ALl other chemiczle were of the rurest commer~
izl euslity avsilable. All solutions were prerered with
Tiltered, ion-exchenged high rFurity water,

8zturated solutionms of Cs804 were rrerared =t Q2° C by
poding  excess sa2lt ( 0,24 2/100 nL) to the volume of wster
gecired, The solutlions of liguid were 2llowed to eguilibrate
overnight to ensure ssturationm, All solutiorns of S/ATF and
9AMF were rrerared volumetrically using the saturated Cas04
so dilutent.

In all exreriments, 0.500 4+ 001 g of solid CaSO{ 2H.,0
wae weighed inmto 13u100mm screw-tor test tubec, To thiss
five millilitters of satursted C280, sclution with the
desired concentration of the dissolved biomoiecule ( 0,05 mM)

was odded. If »H addustment were necessargy thew were made

at thig ftime using 1,0M (or less when necessaruy) HC or N20H



solutions. The test tubzs were thon sesled with s teflon
coated scra2u-~car and 2llpuwed to eauilibrates The rH was
messurgd using 3 Bocokman FH meter with combination elec-
trode.

fill exrerimental solutions were sheken for a8t least
three hours 3t Eépc (room Ltemrerature) om 2 stendard hori-
vontal sheker, Everw 20-40 ninutes (excert for semrles  that
were allowed to ecuilibrete overnight)y each cample wes vor-
Llesed Lo ensure efficient miving of solute biomolecule and
sulid salty 2nd to minimize ocelusion of the biomolecule asg
e dmeugrity din the seld crestel lattice. After the srrro-
rriste eauilibretion timer: esch cswvle waes centrifuged for
five mipgles on 2 slindsrd desl~lew anelueticsl centrifude 1o
separete  theo surerrnetemt  liguid from the solid szlt. Low

GRECIES WeTE Heerd this zTfected Lhe sdsorrtion of the bio-

Qs
w

moleeule ond the rH of the solution.

fine gliguol was withdrawn and Tiltered throusgh 0,45  up
filters (Millirore Corr.) 4o remove any susrended saslt
rarticless The concern’ration of the surermatant liewid =nd
the originael stock solution wes measured bw dltraviolet
abgorrtion (Amax = 2599 nm for S/ ATF @ #H 7.2) using 3 Cary 14
double-~tesm recording srectrorhotometer, The amount of
biomolecule adsorbed onto the solid sslt was determined as
the difference in UV gabsoretion between the initisl stoch
solution znd the measured samrle solution zfter shaking,

Ionic strendgtihh mezsuremenls were made using NaCl to vary
the concentration of igns over the solid salt. The salt NaCl

wae =added to the oridinal saturated CaSQ% solution before the



overnidght eoeuilibration to ensure thot the solution was
saturated, FH mezsuremnernts vere mede of 2ll sanrles after
the surernsbent licuid wae filtered and messwured for absorb~
gnce,.  In determining the surface ares of the salty & 0,242
nM colution of moethulene blue indicator in saturasted 2380?

wes weed, The sbsorbzrce of the methylene blue solution

i
%

an = B82  nim) thet wes trezted by the sasme procedure 36 in
Lhe wreceding raragrarh wae comeared to the stock methulene
kive enlution a3t 4ihe seme sH value and the difference in

concentration determined.

Nets end Discussion

In the first set of exrerimentss 10,00 ml of &2 45.8 mH
GYATE saturated Cagﬁ% solution wss sdided to 2,000 4 of CaSUf'
°H 0, The final S/ATF concentration was mezsured to be 10,95
My which indicstnd an odsorrtion of 176 nrmoles S7ATF
gdsorbed rer <gram of solid CaSOé-QHzO. It was this
eureriment  that first showed that the adsorstion of I/ATF
could be mezsured., It was then decided to do several series
of exrerinents to characterize thie adsorrlion:

The next set of exreriments were Lo determine wether or
not thie meaeured adsorrtion followed 2 Langmuirian curve,
Exreriments were done to determine the azdsoreption of S/ATF as
a function of finel concentration, The results are shown in
Tig. 1. NAs the drarh indicstess the adsorrtion is linear 3t
loQ concentrationsy and begins to level off as the concen-
tration over tne solid salt increases, In fids, 2r 2 #lot of

# Landmuir adsorrtion isotherm shows that the sdsorrtion fol-~
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prcert st very low concentra-~

lows o Longmiirian gdeoertion:s

tLions., The hinding consteznt for the asdsorrtion is Kb = 1,30

100, which indiceles a veruy weghk intevactiofn,

v
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Figure 1. Figure 2.

The next interzction that wes lonked at was the adsorp-

Liom 25 & Tunction of iomie strendth (fig. 3). As eurected:
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Figure 3,

the zdsorertion does down as the solubility of S/ATF does up

due to the increase of iomic sctivity im the solution above



the solid salt,

The next rarzmeter looked 3t wess the adsorrtion versus
time. FH versus time was aslso meessured from this exreriment,
It wos st this roint in the investigstion that we decided to
2lso uperiment with S/AMPy since this rucleotide was slso
rresent on the rrimordial earih. The rveswlts of the the

stiidy sre chown in fig, 4 znd Fig.e G,
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Using eauimolsr concentrations of S/ATF and G’AMFy the
adsorrtion rlot shows & drester (almost twice as much)
adsorption for ATF then AMF.  This seems to indicaste that the
adsorrtion is somehow linked to the extre two rhosrhate
grours on the ATF molecules Furthery the ecuilibration time
for 5/ATF is much faster 4han that of S/AMP., This was imror-

teznt only to dgive information sbout how longd sasmrles should
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be eauilibreled for on the shsher when deind further sdsore-
tion sludies.

From Fig S» one sees thsat eauilibretion time for rH is
sbhowt Lhe some for ATF and AMP, The shere of the curves hou-
ever ¢eem Lo follow the ohere of Lhe zdsorrlion curves. With
Lthe thought that the ardsorrtion is derendent on the rhosrhate
wrours and the mateh of the shere of Lhe adsorrtion end #H
purvesy it wsy  bLhought Lhst the &dsorption 1s highly r=H
derentent,

This hurothesis wes tested inm the nesx (and the wmost
dgifficult to control) sel of exreriments? the sdsorrtion as
o Tunction of ~#Hy Due Lo the wesk buffering carscityy the
gete wrointe beluween pH 4-6 vwere hard to stsbilizer and as 8
recults only had two hours of eeguilibration. The result of

Lhe S74TP sdsorption versus m#H sre shown in fig. &,

, ADSORPTION w pH -
5.ATE up1o CaS0, 2H,0Q

Figure 6.
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fhe vne nan seer the sdsorrtion curve follows that of 3
wegk ecid  titesliorn, The curve has s3n endroint of ~8.2y
which is auite different from the S/ATF rRa2 of 6.2, The
gotted lirme shows what would have been exrected if the
odeorstion followed Lhe derrotonation of the first rhosrhate
Froton, Howevery this curve does lend creedance to the
hepolhesis thnl the zdeorstion e linbted 1o the rhousrhete
ETCMES

In contrast Lo SYATPy S/AMP shows a3 curve 1hat clesrly
demonstretes an adsormtion that Tollows the dissociation of
the rhosehate #rotons, The curve shows endroints at the e~
reeted  rande of the pRg's of S/AMFs uwnhich are pRul = 243 and

) no

3

Plle2 = 6.3 (fidg, 7)., From the rH of 1-2y» there

, ADSORPTION o oH
w3 AMP on1a CaS0Qy, 2H,0.,
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Figure 7.

aher grvi, Ta dads randey  the molecule is totslly rrotonasteds

with 8 rositive charde on the bzsic nitrogen of the purine
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LA Around rH 2.3y the firgt derprotormation oceourss which
reeults in the formation of & Zwitter fom, This 3llouws the

\]

onuden of 4he rhoorhate to fTorm g uweak interaction with the
selt erustal.,

From #H 3~4y no further incresse in odsorrtion is chown,
This is ennsistent with the fect that no further
derrvotonztion 1s  tebkind rlice, From #H 6-8y 8 larde
adeorrtion is founds This is rrobablw due to the exiraction
of the second eroicn which chandes the S5/ANF molecule Trom 2
iuitter ion to an ion Wwith 2 nedgstive net chorges This
formation of the nedstive charde is imrortanty for it not
ormly  dnerecens the zdsorrtions bl it leade one to rostulate
thet the oumvdens oo Lhe whosrhete 2re somehow inmteracting
with 1he Ca- ions in the szlt lzttice.

In order Yo deternine if the surfasce ares did not chande
over the »H rande studiedy Methdlene Blue indicatior uwas wsed
to messure the surfzce asres sdsorrtion versus sH (Fige 8),

ADSORPTION v, ,H
USING. METHYLENE. BLUE _INDICATOR
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Figdure 8.
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ts  shouns Lhe curfsce ares did rot change over the fH rende.
This helrs to inmsure thot the edoorrtion curves of both S/ATF

arng 57AHF sre not it error due to chanding surface area,

Conclusion

Ao the dets indicetesy S/ATF and S/AMP  do eadsorb onto
the zurfaer of CaSQ?'QHSQ¢ The asdeorrtion is hidhly deren~-
dent on donie stremgthy Thais wouwld reecownt Tor the lasck  of
meesurshle  adsoretion  onto  M2Cl, --the bhigh solubility of
MuCly would ineresce the ionie strength to 2 roint thet 1the
rucleotide would be olmost totally scluble, This is ©
vonsiderstion thet one mwwst take into account whern rostu-
1ting & roouible mechasmicom  of  adsorsrtion in & cwelind
rezetion,

The eadsorrtion of 4the nueleotides is highly FH
desendents This is another rarameter that must be taken into
secount  when doind cucling reactions. The rH of the
hudration wstery the bufferind coroeity of the metal salts
weedy dissolved CO, smount of wster left in  the dehydration
test tubes and other factors c¢:n nhange the rH of the
solution sbove the metal salt and thus chande adsorrtivity,

The ardsorrtion is srobsble due to the interzection of the
oxgdgen-rhosrhate moiety interacting with the Carf ions in the
crustal lasttine, The greater adsorrtion of ATP at equimolar
concentrations and the pH derendence of +the adsorrtion
suprort this. While this interaction seems to be ionicy tLhe
low binding constant (Kb = 1,3.,102) would indicate that the

bornd formation is verws weaksy and thus rnot totally ionic,
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Since 11 wos the rurrose of this investidation to deter~
mirnge if S‘ATP and/or S/AMP  sdsorby snd 1f sor under uhat
conditionsy this line of exrerimenting 1e  deemed conecluded,
The direction that Lhe exreriments will nrnow 4tabke is to
contitome  wihere coucling reriments  were last esamined
tFichrony el #ly)r ond continue to edrlore the conditions
that sive the best vield of glucine oligomers, Further
direetions elso include uging other nucleolidesy metal salisy
antd omine eeids to finmd oubt what combirations wield the best

viesiilie of cenrlen Ricnolecules,
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