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SUMMARY

i model hes been rroreozed (Lahav  3nd Chandgs g282) in
which zolid surfaces can éCt ze & site for cataslutic zctivity

of condensztion resctions for certsin biliomolescules, From

thic nodels the =zdscretion chaerzcteristics of S/ATFE =nd 57 AMF
orto the surfece of Ca30,- 2H.0 wzs chosen for studw It hss
heen Froven thst S/ATF =znd S/ AMF do =dsorb onto the surfece
Cz%0.. Studies were then nade to determine the deren-
’ zdzoretion wersus  times concentrationy ionic
~H., It wzz found ths the =zdsor=tion nft  the
is highly sH derendents Frimarily determined bvw
ioid 2rours of the nuelzic scid wmolecule. From

g obtzined ie dicecussed in

5.
¥

.

]

]
]
2
il
M
[n]
-ﬁ

i €

2
o

n
oo
)

3 2
P Ui )

1

oo

o 2
—p o

ORVIRY RO 1 S i
i
-
=

[1) e

':-'.
‘
ok

moo
o
‘—‘-
-
[m}
o
I
n o
e 2
m
.
i
s,
0

cﬁ-
ol
m
[ ol
:r .
m
=
o
(R

=2
[= 21 0 )

The roseible role of scluble =2lte in chemical evolution

HEg recerntly dizcuzses in relsticn Lo floctusting srebiotic
enviroenments (Lahey znd Chzngs 1782), In this envirenments 2

model was  rrorosed  in which & hudraetion-dengdration sustem
could heve been resronsible for rezctions of biomoleculess

During the dzhe fgtxon ctzcge of swuch & models some  bic-
molecules tend to leave the <solution and concentrazte st
certzin microenvivormentey such &¢ micelles and asgdredatesy
3t the liguid-gss interfacer and 2t the emersing solid
aurfzCes. In addition 4o inorgamic claysy crustzle of
culuble salts'*mag.‘have acted 25 cites for biomolecules to
lezve the soclution.

In 2 fluctueting envirﬁnmenty such as a.tidepooly 1ékey
or rondy some of the diszolved salts bedin to lesve solution

xrid form solid crwetzls uron dehudrztion., It is on these
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£0lid ecrustzls thst biomolecules e3n sdsorp and sossible
rezct with one snother to form orgesnic comrlexes. Thens Uron
refuvdraetions both  the btiomoleculss znd metzl salts dissolve
mzchk into aalution to rereat the rrocecs.

In one investigstion (Rishrony 0’Harzs Lahasvr Lzwlessy

1282) it wes found Lhat ‘ATF cstzluzes thel formaiidn of

(&)}

DUSS

Glucine nlizomers. It wgs zlco found:that‘ dditign.of HQCIi
or ‘ZnClz increzsed the wield by enhzncing | the thérmal
ztsbilite of S7ATFR.. It wass thouszht thiat Somghow the Mgif‘;nd
Zr? ione retearcded the  syrolwsic  of the cffthe 4TFy which
woitld 2llow @ trezter concentrztion of ATF to reasct with the

slucine.,

T w

n

whichn o the soluble  czlt zcted in retzrding this breakdowr.

From Lthe sforenenticoned modely one czn conceive of 3 rrimor-

@ntl @mine scidss  During dehedrstions the concentration of

the sclubtle s31t coon rezches & roint st which the szlt is =t

it=s ssturastion level, Any further-dehudrztion will czuse the

s&l1 to form its hudrzsted crustelss on which the adsorstion
P

of ticmolecules can teke rlzcey S/ATF  being one of- them,
Once sdsorbied.  onto the  surface of the salty condensastion

vyeagctions cen become more faversbla due to the lower entropv

of the sestem a3nd  enhsrniced  thermel  <tobility  of the

rtcleotide.,
M is uwith thie =zcenario in mind Lriat exreriments in 3
laborztory were conceived, Since it was thousht that rucleic

z2cids znd zmino zcide were adsurbed onto the surface of the

e thern & subdecl of curiceity =5 to the wmeans byl

dig)l lake or  rond contsining soluble sslisy nucleic ascides
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wetal zzlise eurorinents were devised to mégsure the smount

Ny

. The two

0

sng characteristics of such  ezdeorrtiony if
tiomolecnlee  choeen Tour 4his  inveetigstion were S'ATE znd
E’AMP; Original studies of edsorrtion using the soluble e31t
ﬁgCIL showod no mezsursble zdesoreiion. It was then decided
tn use the lesz soluble szlt C=50.» in hores thzt & less

soluhle 221t will #=rovirde 2 more steabile swurface zres.,

Exrerimental

The nucleic acid S7ATF  uszs obte%hed from - F. & L.
Biochemicals. * The S/AEMF was  obtesined from"EoehrinSer
Mennhelm Fharmaeeuticéls. All cz2lte were snaleticzl oualite
readents énd obtzined frow either Fizhery J,»T. Eaker; or”
lMaellinckrodt., Al other chemiczle were of the rurest commer-—
ciel ouslity svsilable, All  enlutions were rrerared with
filteredy ion-exchanged hizgh fPurity waster.

Sztursted sclutioms of Ce5C- were =rercered =t 22 C by

ardding  excees szlt (> 0.24 2/100 ml) to the volume of uater

decired, The solutions of liguid were 21lnuwed to eeuilibrate

gvernight te ensure sszturation. A4l1l =olutions of S’ ATFE &arid

S/AMF uere rrerzred volumetricsellsz usinz the setursted CaS0a
— ’ ‘

ze dilutent.

0

=¥V,
-~

In 311 exrerimgntss 0,500 + .001As of solid Cz50-. 2H

wze weished ' into 13x100mm screw-tor test tubes. To thisy

five millilitters of ssturszted Casbfk solution -with the

‘desired concentrztion of the dissolved biomolecule ¢ 0.05 mM)

was wdded. If ¢H zddustment were necészaryy thHey were made
2t thic time wsing 1.0M (or less when necessary) HC) or NaOH
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solutions. The tezt tubszss ueﬁéﬂthen cesled with & teflon

cozted screu-car =2nd zllowed to eauilibretes. The #H uwes
megsursed using & Beckmzn o rH meter with  combinstion elec-

Lrade.,

111 exrerimentsl solutions were shzken for a2t lezst
e o |

threel tours 3t 22 € (room Ltemrerature) oﬁ a staznderd hori-
zontzl shéker. Everw 2Z0-40 minutes (excert for Eampleé that
were sllowed to ecuilibrazte overnight)y esch szmrle waz vor-
Lexed to ensure efficient miving of <colute bicmolecule ang
z5lid  sealts and to minimize ccocclusion of the biomolecule as
arn o imepurite in the szlt cresiel lsttice. after ‘the asrFrFro-
=riste ecuilibretion  time: =z3ch ssuwrle wae centrifuzed for

Tive minules on

L]

etondesra Jdect-Ler zneluticzl centrifude to

w
i

0
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0
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urerngtant  liceuid  from the colid sslt. Low
creeds were ueed ze this =ffected Lhe zdsorrtion of the bio-
moloeoule znd the H of the solution.

fre zlieuot was withdrzun and filtered through 0.45 Cum

i B :
. . | .
filters (Millirore COTP.P 16 remove =n¥ susrended sslt

warticles. The concentration of the surernatent licuid and

the original stock sclution wes messured. by ulirsviolet

| : ' | S
abgoretion (Gmax = 25% rm for 57 ATF @ pH 7.2) using 2 Cary 14
double~bezm  recording Tsrectrorhotomoter, The &mount of

hiomolecule szdsorbed onto the solid salt was determined as

the difference in UV sbsorsrtion between the initizl stock

solution snd the meassured samrle solution z=fter shakins.

Ionic strendgth mezsurements. were mede using NaCl to vary

the concentrastion of ions over the solid szlt. The salt NaCl -

was added to the originzl satursted CBSO% solution‘béfore the
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agvernight ecuilitretion to encswre thst the soluytion wss

czturated. FH mezsurements were mzsde of 211 cszmrles after
_— I

the surernzteznt licuia wes filtered 2nd messured for absorb-
Foe :

J

3

ENCe. In determining the surfzce zrez of the saslty a 0.242

mwM  solution of wmethelene hlue inmdicster in satursted Cz2S0

-3

g The sbtsorbzrmce of the methglene‘ blue solution

Hes ux

3]

']
T

v~ = 482 mm) thet wzs trested by the same srocedure ss in
Lhe srecenind rFarggrash Wwas comrsred to the stock  methulene
blue enlution a3t the szme =H value znd the difference in

concentraztion determined.

Nlztz znd Discussion
In the Tirst set of exrerimentsy 10.00 - ml of 2 45.8 mM‘

SYATE satureted CaSGT csalution wss sdded to 2.000 ¢ of CazE0.r
¢

2H 0. The finsl S747TF concentrztion was mezcsured to be  10.5

ntMy. which  indicsted am  z2dsovetion .of 176 nmwle$_.5’ATP

zdsorbed rer =Zram of solid CaSOé-QH;D. "It . wass | this
i; = .
S

riment  that first <chowed that the zdeorrtion of S/ATF
vould be mEéSUPédo It was then decided to do 59veral series
of exreriments to charascterize thic adgorption. o

Thie ngxt set offeuperiménts'uéré“tguﬁeterming Q_etheﬁw or
not thisfwﬁeaﬁured adsorﬁt;on folLQueg s Laﬂamuirian cufve.

t i

Eﬁperimgntszwére done to determine the zdsorertion of S/ATF as
a funcéi;n oﬁ‘ffﬁal’tancentrétion. The results afgmshown in
fige 1. zns‘phe sraphﬁihdicatésQ the;gdde#tionwfs‘1inear.§t
low concentréiibn;;f snd bhegins to iével off as ﬁhe égﬁaén—

tration over the solid salt increases. In fig, 2y 3 rlot of

A Langmuir sdeorrticon icotherm shows that the sdsorertion fol-



. ORIGINAL PAGCE 1S Foze 4
OF POOR QUA}Lﬁ"ﬁ‘s’
concentrs-

lows & Lonzgmuirian adesorrtiony wucert 3t vere low

tidns,  The binding constznt for the sdsorrtion ics Kb = 1.30

2w 100y which indicztes 3 verwy weshk interzotion.

-
ADSORFTION ws FINAL CONCENTRATION
S'ATP cuse CaSQy:2HO

3001
230 LANGMUIR ADSORFTION ISCTHERM
C‘/N . lw%
206% 201 -
A0s |
5
150
{.ﬂ? Y%A
slaS
100 10
Ke |,30¢|6‘
; ' . Ne 774410
50 ; E Te2zc
. oo
o o -
) 10 20 _ 30 40 b oA éﬁﬁé? 40 50
. €

C, GiP)

Figure 1. Figure 2.

ThHe neyxt interzction thel wes lonked at was the sdesore-

3 Ac exrected,

tion =z & funcltion of ionic strensth (fig, KPR

ADSORPTION vy IONIC STRENGTH
5 ATP oave CaSR-2HO

mial ATP con :48.8maem)

8¢5 0.2 1. . 1S 20 25

M NaC

Figure 3. .-

the =zdsormtion soes down as the solubility of S’/ATF does ue.

due to the increase of ionic zctivitg in the solution sbove
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The next rasrzmeter looked &t wae the adsorztionm versus

times PH versus time w3s zlso mezsured from thics exreriment.

I+ wes at this roint in the investigztion thet we decided to
2ls0 eureriment with S/4MFe since this rnucleotide wass zlco
eresent on the srimordial esrth. The results of the the

stidy sre chown in fig, 4 znd Fig., S,

ADSORPTION w TIME

5ATP s 5 c Al
Ponte 3 ' )
550 [ asd 5 AMP onts CaSG 2‘}4,0 % SATP s 5AMP 4y, CaSG, 210
J 5 ATP :
r/ o 5’ AMP
wwtead ATFion 1 53 Ocaes)
200 &0 ﬁﬂ_—‘
‘ 5 ATP
ADS ¢
i : PH . )
v lso- ',fo TS0, pie 330
60
- i lAMP, 1 63 D m) :
e : S B oy
504 : £0
- 5 0 5 2°m,3 o] 5 10 15 20 25
1 TiME(w3) -, R K TIME(hes)
- 4.4 :
Figure 4+ e Figure S,

Usiﬁgﬁeauimolar éoncentrations of S'ATF znd S’AﬁF} . the
adsorrtion Ploﬁ‘ shows & drester (zlmost twice as ;uch)
zdsorrtion for ATF then AME., This seems tu-indicate that the
sdsoretion  is somehow lirked to the extre two rhosrhate
fﬁroués 0& ¢ﬁ§ éfﬁymoléeaié:’ Furthery fgé.eauilihraiibn time
for S’ATF is much faster Lhen that 0f»5’AMF.t*fﬁ;s was . imEor-

tznt only to give informetion aboul how long samrles should
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e eauilibrzted for om the shzker when doing further sdsore-

P o

From Fig Ty one seec thet ecuilibrztion time for =&H is

Trie shezre of the curves how-

o
I
3
™

stout Lhe szme for ATF ar

“ver

u
4]
i0
2

tc follow the ehere of the zdsorption curves. With.
Lhe thouszht that the adeorrtion ie derendent on the Phosphatel
drouss 2nd the mzeteh of the shere ofbthé*'adsorption angd  #H
curveéy 1t was  thought Lthst 4the adsorstion ie hisghly #H

cierendent .

Paad
[n

file hurothecsice wass tested in the nexwt (znd the: most
difficult to control) sct of surerimentz?! the sdsorrtion 38
& Tunttiﬁn cf #H. Iue Lo the wezk buffering carzcityy the
sglz  roints betuween ~H 446 were hard £o stabilizes 2nd 38 3
vezulty only hed tee houre of eeuilibretion., The recult of

Lhe S74TP sdsoretiorn versus =H zvre chown in fis. 4.

" ADSORPTION 4 pH -
5'ATP satg CoS0, 2H,0

150 —_——— —

125

atial ATPenr533 (‘1")

50
25 .
B .
. %5 % a5 E6 &6 T & @
[ e H

i i - ——— e . e

Figure &.
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fe uite can sees the zdsoretion curve follows that of =2
wegk =zcid titrastion. The curve fizs zn endroint of =52y
wnich 1is Gﬁite different from the_S’ATP Pﬂgz of 6.2. Thq(
dotted  line shows wnat would heave been exrected ifithe
gdeorrtion followed Lhe derrotonztion of the fir=st =shosshate

Frotonm. Howevers thic curve doss lend creedznce to the

herolhesis that the zdeoretion iz linked to the =hosshzte

(&}

In contrzet to ©7ATPFs S7ANMF shows 3 curve that eclesrly

demanstretee aEn sdsorrtion that Tollows the dissociztion of
ihe rhosrbhzte =rotons. The curve shows endroints 2t the ex-

‘rected  rvande of the rKyg' s of S7AMPs which are sKil = 2.3 and

e e = 6,3 (fig., 7)., From the rH of 1-2y there 1is no

_ ADSORPTION 45 oH
— ——5AMP onra CaS04.2H,0.

. | IRy bt AMPgn 53,1 (9529

10 20 30 a0 w0 &0 70 80 . 90 100
pH :

o : Fisgure 7.

Lur?:xﬁ. T Saes ranges  the molecule is totslly rrotonsted,

with & rositive charge on the besic nitrogen of the rurine
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tzse. tiround #H 2.3y the first derrotonetion occurssy which
reenlts in the formatiorn of & Zwitter iom. Thie sllouws the

oxygen of the rhoserhate to form & weak intersction with the

From #H 2~4y no further increzse in adsorsition is shown.

This is cnnsistent with th

(h

fect that o 'further

derrotonztion is  tezking slzce. Fraom =H 6-8»

213

“lzrge

n

adegrrtion is found. This is Frobsblye due to the extraction
of the second sroton uwhich chanses the S7AMF molecule thm a
Zwitter dion to =2n ion with 2 nedgative net charéé.: fhis
formatiorn of the neegstive charde is imrortanty for ‘iﬁ ‘not.
anls  inerszeee the zdsoretions but it lezdes one to rostulste
that the oxvegene or the rshosrhete 2re  somehow intersctins
vith Lhe Cs& ions in the s;lt lzttice.

In order Lo determine if the surfzce zrez did not chanse
over ~the rH range studiedy Methglerne Elue indicstor was ucsed
to messure the surfzce ares zdsoretion versus sH (Fig. 8).

ADSORPTION , LH
USING METHYLENE SLUE INDICATOR

50 1
AL : ° *
40 : ! * e .
. %-h ‘
‘30 : » oy ‘
20 1
e [ _QGZ am -y
. s nital Comt 2.22°10 M
.o : LT
00 Fs
; i 2 3 4 5 6 ? 8 ?
oH

Fizure 8.
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fds  showny the surface ares did not chansge nver the #H rznsge.
This helre to insure thet the adscretion curves of both S/ATF

and S’4HMF zre not inm 2rror due to changing surfzce arez.

Conclucsion

As the dztz indicstes S)ATP end S'AMP  do  zdsorb  onto
ihe surfece of CaSD¢'2HEO. The adsorrtion is highly derern-
dent on ionic stremngth. This would zccount for the 1lack of
nezzursnle  asdsorstion onto NsClL--the high salubiiits of
HBCIK would incresse the iqnié strensph to & rPoint thet the
ruclectide would He =zlmoszt totally scluble, Trnie 1is &
roncideration that orne must tzke inte sccount  when rostu-
lzting & rocssible wmechsnism of adsorstion in 3 cuclins
rezction.

The =zdsorrtion  of the nucleotides is highleg #H
derendent, This i¢ znother rarsmeter thet must be taken into
sccount whern doing o cvelins react}oms. The =H of the
tiwdrstion waters the buffering caéacita'of the metal salts
usedi:discqlved Coaamcuntvof water left in the dghgdratiqn
tect tupeé éﬁdr-other fesctors czn chense the rH éf the
solution}agove the metzl <a3lt and &hus chanée'égsb%Ptivits.>

The adsorstion ic =robsbly due to the interzction of the
ﬁNBﬁCH—PhGSFhat?WmOiEtB interzcting uitﬁ theiCaff idné iﬁ tﬁe
crectal lsttice. Tﬁejﬁreaiér~adsor9£ion of ATF aﬁ ecsimolsr
cghcenf?étions, asnd  the ‘PH._dePendenGEj‘of the adsorrtion
éuppqrt thié; whilérigis interactionvseéms io be ionin‘ the
low binding constant (Kb = 1.3.102) would indicate that the

“bond formetion is verw weskr snd thus not totally ionic,
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Since it was the =murrose of thic investigation to deter-
mine if S‘ATF snd/or S/AMF  =zdsorby zrig if so» under what

conditioney this lime of experimehtins is deemed concluded.

The direction that the wreriments will rnow take is to
continue where cucling “reriments were last Msmined
(Ficheonyr et &lide znd eontinuetto exrlore the conditions
thet give the hest <2ield of  glwcine oliéc:m@‘rs.w Fuéthet

directione zlso include using other nucleotidesy metzsl czltse
and smine zcide to find out wh2t combinztions vield the best

resulte of comerley biomolecules.,
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