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ABSTRACT

A density-gradient-stabilized electirophoresis
apperatus has been designed and built,

Spectrophotonetric and electrophoretic wmeasure-
ments are used to investigate the hydrogen lon, mercuric
ion, and methylmercuric ion complexes of purine and py-
rinidine derivatives. The results esre us_ed to infer the
charge of the comnplexes,

The problem of determining the charge of an ion
from its mobility and diffusion coefficient is also

considerad.
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I. INTRODUCTION

Perreira et al., (1) (hereinafter referred to as FBZYVD) used
spectropvhctometric measurements and pH-stat titretions to investigate the
complexes formed by purine and pyrimidine derivatives in the presence of
excess mercuric lon. The measurements were made in the pH range of 1-3

with Hg"e concentrations of 1072

to 10> F and ligand concentrations in
the lO'J‘ F range. Under the conditions one might expect the following
general reaction to teke place

BP0 4+ g2 " P_Hg+(n+l)

+H (1)
where HP refers to a purine or pyrimidine derivetive heving a cherge +n.”
However the experiments seemed consistent with the postulate that

hydrolysis of the complexed mercuric ion was taking place,
P + Rg-0B)” === P-Hg-oR" + 25" (2)

The adenine, T-methyladenine, 9-methyladenine and 6-N,N-dimethyl-
sminopurine systems seemed to give the hydrolyzed product according to re-
action (2) while in the cytidine case both reections (1) and (2) appeared
to be taking place giving & mixture of products,

From the above results one infers that the acid pK for the reaction
P-Hg-0K} (@) > pgg-on™ + 5 (3)

1s less then 1.5. This result is surprising, in view of the fact that the

K of H,0-Hg-OH). is 3.7 (2) and the pK_ of H,0-Hg-OH' 1s 2.6 (2) vhile

@

The molecular structures of the purines and pyrimidines to be
discussed in this thesis are shown in Figure 1. One should aleo note
the numbering systems and the aeid pK's.
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the pK_ of (‘,‘H‘.‘,’,;-Hg«-!Z)H2 is 4.5 (3,4). Thus it eppears that the acidity of
the R—Hg-w;‘? group is enhanced when R is elther a2 purine or s pyrimidine
derivative.

There are several reasons why the FBZYVD results may not be com-
pletely reliable:

(a) The solutions used in the pH stat experiments alresdy have &
relatively high scld concentration so a significent error mey exist in the
determination of the smount of hydrogen ion liberated when the complexes
are formed.

(b) The conclusicns drawn from the spectrophotometric experiments
depend on plotting some function of the change in absorbance and finding
lineer behevior with respect to some function of H+ and HgH. From the
plot one must obtain both the extinction coefficient of the camplex esnd
the constant Kc for complex formation. The procedure becames unreliable
if not impossible if two or more reactions are taking plece simultanecusly.

Thus for the reactions

4

o+ gg? —= pmt*) s gt pnee (-—%—2—)
‘ He

+
and HP+n + Hgmf S ?—33-03*“ +e8t A b = g (ﬁl_é
Hg

o+
the change in the absorbance A 1s a more complicated function of H' and Hg+

(3)

wvhich does not lend itself to simple plotting and interpretetion. The analy-
sis must give the extinction coefficients for both complexes and the equilib-
rium constants for both reactions.

As a further camplication there 1s a2lso the possibility of the

following type of reection

B 4 ogpt? — P_(Hg)g(n-o-h-m) — )

gree——



_h..

In view of the sbove discussion 1t was felt that some other type
of confirmation for reaction (2) would be desirable.

One piece of information sbout & complex which would be helpful
invelucidating its formula is its charge, or in the case of & mixture,
the sverege charge. Thies thesis principally describes en electrophoretic
study of these complexes aimed at the determination of their charge.

There are two possible methods of ascecomplishing the above

a) Theoretical calculatica of the charge of e coamplex from meas-
urements of its mobility and diffusion constant, and

b) Determination of the charge by comparison of the electro-
phoretic mobilities of structurally similaer ions.

Method (a) makes use of the following relstionships

mobility

ionic charge
electronic charge
frictional coefficient
diffusion constant

w=2 )

"

it

and

melecular gas constant

H K O H o N
i}

absolute temperature

Therefore

Ay

(7)

oic

or

ukT
2 = 1:; (8)

so that a measurement of u and D mskes it possible to calculate Z.

As discussed later, the above relationships do not hold eccurately
at a finlte salt concentration. HNevertheless we endeavored to build an
electrophoresis apparatus thsat would meessure u and D in order to test

equation (8) under practical circumstances.
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However at its present stage of development the apparatus is satis-
factory for measuring u to one or two per cent, but it is not good encugh
to determine D to better than 30%. We have therefore not been able to
make 2 decisive study of the use of equation (8) for charge determination,
although our semiguantitative results appear promising.

Method (b) makes use of the relation

u = %? (3)

One mi~ht guess that, for example, for the ions

+

r HHg o é - NHp He -
| ’ Nj> N I €>>
_ A _ ~ ¥ |
(1) 11 & (II)R
il NHp qﬁ; —+
N’// l q§> R = H or sugar
A J
- R
(111)

the geometries are similar and therefore the friction coefficients would be
similar., It should be noted that we know that protonsted sdenine or adeno-
sine (I) has a charge of +l. It was therefore hoped that by comperison of
the mobility of tﬁe mercury complex with that of the protonsted form at dif-
ferent pH's it would be possible to infer the charge of the mercury complexes.
The measurements reported in this thesis confirm some of the results

obtained by FBZYVD. However in several cases (notably the Hg+2—adanine
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system) the electrophoresis data strongly suggest thet in the pH range

where FBZYVD worked significant amounts of both the P—Hg-OH+n and

+{n+1)

P-Hg~0H2 complexes were present.

The methyl mercury cation, CHE~Ha+, is in some respects easier to
work with than 4is Hg+2. It is monofunctionsl and it does not precipitete
at high pH. #As s supplement to the electrophoretic study of the CHB—Hg+—
adenine complexes, e careful spectrophotometric investigstion of this

system was performed. It was discovered that the following ions exist

- NH2 - + - Imﬂ Hg—Cﬂs— & ~ Img -
N ' i} o}
= ~ X = <
u N D u <
[ Ly [
™ \ 4 \ 7
N N N i} N N |
L CHe-Hg H - - Hg-CHs - - Hg-~CHg
(1v) (v) (v1I)

and their electrophoretic mobilitiecs have been measured. The above series
of complexes provides s very helpful confirmstion of the semigquantitative

correlation between electrical mobility and charge.



-7 -
II. APPARATUS
a. General

A density-gradient~stabilized electrophoresis apparatue has been
designed and built. The concentration profile of the material of interest
19 cbhserved by the use of an ultraviolet optical scanning device. The
density gradient is necessary because the concentrations of the absorbing
complexes are s80 low that convection due to heating would disturb the
electrophoretic boundaries even at low electric flelds. The ultraviolet
scenning device is o convenient detection system beceuse all of the purine
and pyrimidine derivatives and their complexes have an absorption mesximum
in the region of 250 to 280 myu.

Figure 2 is a schematic drewing of the apparatus. The light from
the mercury arc (a) passing through a quartz diffuser (b’ falls wpon &
dlephragm type s1it (c). The iris of the diaphragm appears ae the effective
lignt source for the rest of the optical sysctem. The light fran the iris
passes through a serles of filters (d), (e) and (f) making it essentially
monochramatic {265 mu), and the quertz lens {g) makes it parallel. The
1light then enters the cooling cell (1) and pascses through the optical sec-
tion of the electrophoresis cell (J). The lens (£) forms an image of the
electrophoresis cell at (n) where a horizontal scanning slit {m) can be
moved veftically. As the s1it is moved light from different horizontal sec-
tions of the cell falls on lens (n) which focuses it on the same photosensi-
tive part of the phototube no matter where the scanning slit is positioned.
Any change in the position of the slit is translated, by means of a potentio-

moter, into e corresponding change in current vhich is then plotted ageinst
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the photocell current by use of an x~y recorder. Thus one obtains a plot

of the intensity of light passing through the electrophoresis cell versus

the position in the cell. A more detalled description of the apparatus
appears in Appendix 1.

The space resclution attainable at the present is 0.2 mm.” Ab-
sorbances in the range of 0.1l to 2 in the 240-280 mu region cen be measured

fairly sccurately.

b. Eleetrophoresis Cell

A schematic drawing of the cell 1s shown in Figure 3. A is one
of the electrode compertments. Extending I cm into 4 is a 12,0 cm long
1.0 cm squere glass tube. From points B to € it is made of guartz. The
rest of the tu}:e as well as the rest of the cell is opague to ultraviolet
light. The quartz was secured to the glass by gluing several layers of
1 cem wide A# strips around the butt Joints. Epoxy resin had to be used
(Resiwgld no. 4). Thus the optically accepteble pert of the cell is 4 cm
long.

'Hocked on in front of the cell is a 4 mm wide vertical slit D
with 0.125 mm diemeter wire position markers spaced exactly 5 mm epart.
These markers then give discontinuities in the intensity plot thus giving
precise position (see Fig. U4, page 19).

Just below joint C a shorti glass capillary E is glued into the wall
of the cell.' It has an 1.4. of about 1.5 mm end extends about 3.5 mm into
the cell. The size of the cepillary and its position are feirly criticael
because the boundary and density gradient ere passed into the cell here.
Skew boundaries are cbtained if one 1s not careful with the sbove specifi-

cetions.
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Attached to E is a length of P.E. 100 intramedic polyethylene
tubing which leads to the mixer and then to the density gradient and
boundary meking machine,

From point F on there is a 100 cm long exbénsion of the cell G
nede from -;3;" o.4. glass tubing. This extrs length is necessary when doing
electrophoresis in scid or alkeline solution to guard agsinst the goin or
losg of the fast moving H"‘v and OH ions. Por convenience in f£illing the
cell and removing elr fram it there are glass stopcocks at positions H,

I, and J. K is the second electrode compartment.

The electrodes sre not permenently sealed in. They are Ag-AgCe
and can bé regenerated and replaced as necessary. The electrodes are con~
nected to a Lembda Electronics Corp. 300 volt DC power supply and the
curranﬁ passing through the cell l1s messured with a verisble renge milliam-
meter (Sensitive Instrument Corp.).

A thermocouple probe was made for measuring the temperature inside
the electrophoresis cell and a similar Ag-AgC? electrode probe for actually
measuring the voltage drop. These probes were used only in certain cases

for their presence tends to disturdb the boundary somewhat.

c¢. Density Gradient Machine end Mixer

The density gradient and boundary meking machine consists of two

e e B 62
cams of redii rlna-bl.aéwcmand r2=2+2.32§-7-6--1.26 570

where € variles between O and 270 degrees. As the cams are driven by a motor

cm

they push in the plungers of two syringes containing solutlons of density x
and y respectively so that e lincer density gradient is cobtained upon mixing.
The mixing of solutione x and y has %o be done in es small a volume as pos-

sible. This is accomplished by having the syringes connected by .034" i.d.
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polyethylene tubing to s T-tube of similar dimensions. Then the solution
pesses through a helix of 15 turas and 1.2 cut diameter of the shove type
tubing and then into the cell, Most of the mixing tskes place in the
helix. The speed of the motor driviang the cams 1s just as critical as
the position of the inlet tube in the electrophoresis cell since it de-
termines the speed with which the solution enters the cell.

To form an electrophoresis boundary one has two sets of syringes
containing solutions of the seme densities and compositicns X and y but
only cne set containing the absorbing material. At the half-way point
in the gradient one siuply exchenges the syringes. Thus one obtainé 8
boundary with negligible density discoatinulty. The linearity of the
denslity gradient and the completeness of mixing were confirmed by experi-

ment,
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III. EXPERIMENTAL PROCEDURE

a., Materials and Stock Solutions

Table 1 lists all of the materials used in meking the necessary
stock and experimental solutions. The experimental solutions were usually
made by mixing appropriate amounts of stock solutions and then diluting
to the desired concentration., The solutionsin genersl were made Just
before the experiments. Doubly distilled weter was used in all cases.

Stock solutions of all the purine and pyrimidine derivatives,
Hg'H', NaAc, HaC#, Naczoh, Tris buffer ond sucrose were made by weighing
out the respective chemicals.

The mercuric oxide was dissolved in excess Hcsoh of known con-
centration., The presence of excess acid is required to prevent hydrolysis
of Hg' Y.

The acids were stenderdized with the standard base obtained from
the Bio-Rad Labs.

The concentration of Cﬁj-ﬂg-OE was determined by HC!,Oh titration
in presence of C£ . The results were reproducible within one part per
thousand, |

The DNA concentration was determined from the sbsorbance at 260 my,
assuning €y, = 6.5 x 107,

All of the purine and pyrimidine stock solutiocns and also any solu-
tions containing sucrose were kept refrigerated at all times in order to
minimize bacterial growth.

It was found thet sane of the complexes decampose in the presence

of ultraviolet light. Therefore all solutions containing purines or
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farm e~ e S R RN A TR,
Copmound Source Purity and Lot WNo.

HeO Purdtae Doubly cdilstilled

D0 Liguid Carbonic- Bateh XIX; > 99.5%
Division of General TOXX ;> 99.7%
Dynamales Corp.

{2 Braun Corp. Conc.; R.C.

HCB0, Mallinckrodt 60%; Z.R.

HaQH Baker & Adamson Pellets; R.C.

1 0H Bio-Rad Labs, Stand. 0,183 COp free

CEaCOUH Baker Glacial, A.R.

CHa~Hg~00 Agricultural Div, 21.5% Hg; 0.2% Iicilp
slorton Chenm. Co.

Hz0 Baker & Adsmson R.G.

CHaCO0Ha Mellinckrodt Anhydrous; A.R.

HaCs Daker & Sdamson R.G.

HiaCs0s G. P. Smith Chem. Co. Lohyrdrous

Tris(hydroxymethyl )~ Sigue Chem. Co. R.G.; 111B-132-3

amino methane

Bucross Beker & Adamson H.G.

Adenine Cal. Biochen, Lot 102915

Ldenosine Cal. Biochen. Lot 510431

Deoxyadenylic
acid(5') di Ne salt

=i, N-dimethyl-
aminopurine

T-lethyladenine
J=-lethyladenine
Cytidine

Diff-calf thymus

Cal. Biochen,

Cal. Blocheun,

Cycloe Chem., Corp.
Cyclc Chenm. Corp.
Cal. Biochem,

Worthington Blochem.
Corp.

Lot 730282
Lot 520502

Lot K1163
Lot Al075
Lot 430845

"nighly polynerized”;
native
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pyrimidines complexed either with Hg++ or GHa--Hg+ were kept in the absence
of light.

For the initiel experiments sucrose was used to provide a density
gradient., However this practice wes discontinued beceuse &) it was found
that sucrose sbsorbs enocugh in the 240-280 mp range to make the determine-
tion of the initial intensity troublesome snd b) it wes observed to react
with Hg+2_10n thus meking it useless for density gradient formation for
most of the complex systems that were investigsted. A further complication
was the lsrge schlieren effect obtained upon sherpening of the initial
boundary by careful removal of the solution from the initial boundary
which sometimes had = spread between 1 snd 5 mm, In general sharpening
is necessary only for the diffusion measurements.

Substitution of Dg0 for sucrose eliminated the first two problems
completely and reduced the last one considerably since the refractive in-

deces of Hpl and Da0 sre very similar,

b. Electrophoresis Solutions

.The important generel point is thet the velocity of a moving
boundary is meesured for e boundary between & solution containing for
example 0.1 P HaCfO4, 0.0 P HC£04, 0.00L F Hz'', and a second solution
contalning the same concentrations of these constituents and 0.0001 F
purine. Thus, as the purine comstituent migrates it encounters an es-
sentially constant concentration of Hg++ and H+, s0 that the equilibrie
involved in the formetion of the complex ions are not disturbed. Furthgr-
more, because of the reletively low concentration of the charged purine
constituent the concentration changes for the supporting electrolyte and

the conductance chenge at the boundary will be negligible.
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Teble 2 lists the compositions of a representative set of solutions
used in an electrophoresis experiment. For the following discussion refer
also to Figure 3 which shows the position of the different solutione for a
typical experiment, The procedure for filling the electrophoresis cell is
described in some detaill in Appendix 2. It is 1denticsl for all experi-

ments and should be rigidly adhered to to guesrsntee the best results.

TABLE 2

A Representative Set of Solutions for an Electrophoresis Experiment

Purine or

Soln. Du0 NaCt0g4 HC204 Eg(czo‘za Pyrimidige
no. vol. % F F x 10° Fx10 F x 10

1 36 0.10 5.0 8.0 -

2 28 0.10 5.0 8.0 -

3 28 0.10 5.0 8.0 8.0

L 8 0.10 5.0 8.0 -

5 8 0.10 5.0 8.0 8.0

6 b 0.10 540 8.0 -

T 0 0.10 5.0 - g

8 Electrolyte: ~ 6 F NaCf and 0.6 F HCZ

Compartments K and A contain electrolyte. From K to inlet tube E
is the 36% D0 solution (no. 1). The 8-28% Dg0 density gradient conteining
the boundary end obtained from solutlons 2-5 extends from E to about
Junction B. The positlon of the boundary is spproximestely indicated in
Figure 3. Above the gredient are 4 ml of soln. 6 and between soln. § and

the top electrolyte is soln. 7.
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The electrolyte (no. &) is seturated HaCf. It is doped with 0.6 M
HCZ in an attempt to keep the retio of H+/Ha+ ione leaving the electrode
cooparvment of the same magnltude ss that in the rest of the solutlons,

In mbuffered ecid solutions positive ions are moving toward the
nearegt electrode coupertment so that there is no poseibility thait the
fast moving H+ ion is being supplied 3in too larpge or too small amounts
from the electrode compartment thus leading to vH changes at the slectro-
vhoresis bouadary.

In solutions 1 to 7 0.10 M NaC804 hes been chosen es the supportlng
electrolyte. The purine concentration in solutions 3 and 5 has been picked
80 that the absorbance is in the range of 1,0-1.2 giviang best accuracy. For
the light intensity (I O) that has been obtained & solution having sn absorb-
ance less thaa O.1 does not sbsorb enough light to give accurate resulis
vhile above abscrbences of 2 essentially no light reaches the phototube.

The necessaxw'ﬂ+ and Hg++ ion concentrations for solutious 1 to T
are then calculated from the known purine (or pyrimidine) concentration
end the K's that were obtained by FBZYVD. Solutions 1 to 6 have identical
campositvions except for the absorbing materizl so that as current is possed
and the bouadary moves there will be ne net change In the environment in
the neighborhood of the boundary.

Solution 7 is chosen so that the ions leaving it do not react with
the electrolyte cor at the electrode in such a way as to change the condi-
tions in the optical part of the cell. Thus solution 7 of Table 2 has no
Hg+2 ions In 1¢ singce 1t was found that theese lons reach the top electrode
forming HepCla and making the electrode irreversible. If the current is
passed long eaocugh sclid HoaClp starts felling down the cell. Ancther

exarmle would be the reaction between C4~ and CHa-Hg~OH liberacing OB and
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thus changing the pH within e matter of minutes.

The DpO concentrations of solutions 2-5 leed to a linear gradient
varying between 8-28%, The discontinuities in density between the gredient
and solutions 1 end 6 lesd to better layering end less disturbence when the
gradient is passed in between 1 and 6.

The H' concentrations of solutions 1 to T were checked before the
filling of the cell with a Beckman GS type pH meter, Also the spectra of
solutions 3 and 5 were taken. All spectrs have been measured with a Cary
Model 14 spectrophotometer. Occasionelly the conductivities of solns. 1
to 7 were checked by the use of = Kohlreusch cell. KCf sclutlon wes used
to determine the cell constant.

For a number of experiments sfter mobility messurements had been
mede all the solution in the electrophoresis cell was removed in 1 ml
portions and both spectra and pH's were measured to determine whether
initial conditions had changed.

Whenever solutions 3 and 5 contained Hg+2 or CH3~Hg+ complexes
the filling of the cell and all succeeding steps were carried out in the
presence of dim tungsten lights. The light path is blocked except when

teking a measurement.

¢, Blectrophoresis

-Curve Ib of Pigure 4 is the bese line obtained by blocking the light
peth in front of windov h (Fig. 1). The curve marked I is the initisl in-
tensity measured Just before passing the density gradient into the cell.

The shzrp drops in intensity are due to the wire markers in front of the

cell.
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Curve 1 represents the initial boundary havingan -~ & mm spread.
The boundary can be sharpened by coreful removel of solublon between
points x and y. Curve 2 is the result. The disadvantoge of this pro-
cedure is that some of the deusity grmdient is lost end o giight schlieren
effect ip obbelned so that for meaning meosuraenents the boundary has to
be noved eway quickly from the point of sharpening.

The power supply is then turned on and 1s set at o voliage thst
gives a 7 to 15 ma current. The voltage drop in the optical part of the
cell varies between 1 and 2 v/cm. Under these conditions not enough heat
is liberated to set up convection and at the same time the boundsries do
move ot reasonsble speeds., The possibility of convection is kept to a
minimum by doing the experiments at 6.0° C which is cloge to the tempers-
ture of mexilmun density for the sclutions used, Actuel messurement of the
temperature with the thermocouple probe showed nc detecteble change In
temperaiure.

Enough intensity versus distance curves are taken so that the
constancy of the mobility cau be checlked and sny lerge deviations {rom
expecited behavior observed.

It iz assuned that Io remaing constant duriog an experiment. If
the loup intensity vardes, this is compenseted by the gein conbrol until

Io is reproduced. Becsuse of thiz the experiuwents are discontinued when

-

one cannot observe IO directly et same point in the cell (point Z in Pig.

L), The mobillty cen be measured in from 2 to 3 hours vhile diffusion
<A

experiments take between 2 to 6 hours. Cwrves 3 to 4 in Figure 2 show

a two hour diffusion run in the sbseace of an electric ficld.
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IV. CALCULATIONS AND RESULTS FOR ELECTROPHORESIS AND DIFFUSION

The curves obtained in Figure 4 are exponentiml since the intensity
I is given by Beer's Law

I oy initiel intensity
I=1 Oe“ck k = constant (10)
¢ = concentration of
absorbing materisl
x
The type of plot that is most useful is that of o~ versus x vhere
m

c, is the concentration of the absorbing species at any position x in the
cell and L is the meximum or initial concentration.

Using equation (10) one obtains the following relstionship

I
X
c. An I &
= T (11)
m me
8n T
©
where
Ix = intensity at any position x
Io = initiel intensity =t position x
Imc = inteneity at position x if the maximm
concentration of absorbing material were there.
All of the sbove guentities can and are cbhtained from the experi-
¢
mental curves.so that E-’-‘- can be easily calculated. Figure 5 shows the
m

concentration profiles of Figure 4. The distance travelled by a boundary
can be measured directly by measuring the displacement at ¢ = % e, since

the motion here i1s unaffected by diffusion as seen in the next parsgraph.



Fig 5
Concentration Profiles of

(7-Methyladenine-H)

08

0.6

O
>

K

O
3

0.4

0.2

0.0

DISTANCE

10
IN MM



- PR

For the type of boundary that has been used in these experiments

r = distance diffused

+T

the concentration at any point r snd any time t is described by (5)

e(r,t) =% c (1-ert X..) (12)

2Vt
80 that v indeed remains O at c(r,t) = % ¢» Also if the experiment is

behaving properly and if the initial boundary is not skew then all the

¢
concentration curves should be symmetric about 6—’5 = 0.5,
m

Since r and t are measurable quentities and error functions can be
obtained from tables {5) the diffusion constants can be calculested. This
has been done for o number of cases (see tables L-11) both for moving (m)

c

and stetionary (s) bounderies., The listed values of D are for E-:& = 0.3
m

because best reproducibility is obtained in this region.

The mobillties u were calculated by the use of the formula

we Sy (13)

4 x the distance that the boundary moves and & © the length of time the field
iz on were measured for each experiment. The electric field E was celculated

from the conductances of the ionic constituents of the supporting electrolyte
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(6,7) (corrected spproximately to the ionic strength of the experiments)

with the following formuls,

i = current
1 AJ = conductance of ion J
= (1)
(§ A,j cJ)A 4y = concentration of ion j
A = cross section of cell = 1 cn12

The current is messured with an eccuracy of sbout 0.5%.

Table 3 gives the values of E as a function of i for the different
experiments. The A's used in the calculstion of E were checked by actual
measurement of the conductivities at 6.0° C. Also in a number of ceses the
actual voltage drop in the cell was measured giving enother check. The E
values should therefore be good to one or two per cent. If better A values
are obtained then Table 3 allows to correct the calculated mobilitles.

Tables L4-11 inclusive list the results of the mobility and diffu-~
sion experiments. Additional information sbout experimental conditions is

listed below esch table.
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TABLE 3
E=kxi
LI
k Expt. no.'s
733 36
75.9 2, 3, 22, 23, 24, 28, 30, 34
126 37, 38
132 9
136 16, 17, 18, 25, 26, 27, 29, 3, 33, 35
141 13
154 47
163 20
166 5, 6
167 21, 39, 40
177 15
208 %

Conductivity measured for 4, 7, 2, 19.

== measured directly for 0, 1, 10, 11, 12, 1.



TABIE 4

Adenine
4 {5 o O
¥ cone. of u x 10 Ds x 1C Dm x 10

Eypt. Reactants of absorbing P pH cm/ sec cof e

1o, interest material x 10° 7 Gradient (23° C) volt/em sec sec

0 adenine; H' .87 0.0 + 0.1 sucrose 2,1k 1.09 - -

1 edenlne; H 4.89 0.0 + 0.1  sucrose 2.1h  1.09 2.1 -

2 sdenine; H' 4,89 6.0 + 0.1 D0 1.60 1.77 s L1

o

5 sdenine; Hg = 7.h7 6.0 + 0.1 Dgb .60 2.k 2.5 3.1

b adenine; CHelg 7.7 6.0 + 0.1 Dg0 k.73 1.0h = =

5 adenine; CHag T.47 6.0 + 0.1 D0 L.73 1.00 - -

6  eodenine; CHgfg 747 6.0 + 0.1 Ded L73  1.05 ’ -

7 adenine; CHallg 9.% 6.0 + 0.1 Dg0 3,00  1.18 - -

8  adenine; CHgHg' 9.96 6.0 + 0.1 Dgb 5,60 0.00 . “

9 edenine; CHglig' 9.9 6.0 + 0.1 DgO 5.90 0.7h9 - -

conc. (F) .06 L0073 .10 025 8,0 x 107¢ 8.12 x 107 1.01 x 102 5,02 x 1072

oGl 0,1

HCE 0,1

HnCL0g 2-1

HCEOs 2

2. CHg-Tg bt 7,8 9

nf of solutions 3-9 adjusted by addition of eppropriate amounts of concentrated HCEQg or HaOH,
solution U also had .0035 M HaAc and .0025 M Hic.
solution 9 also had 057 HedAe and 005 M Hac,



u x 10% szlO‘B Dmxlo"

_La.—.

Y conc. of

Expt. Reactents of absorbing T pH cm/fsec cf® e
no. interest materiol x 10° *C Gredient (23° ¢) volt/cm gec sec
10 adenosine; Y 7.98 0.0 + 0.1  sucrose 2.1% 9. TTT 1.4 -

adenosine; i 7.98 6.0 + 1.0  sucrose 2,14 0.905 - -
12 adenosine; H+ T7.98 8.0 + 0.3 sucrose ~ 7 0.00 - -
13 adenosine il 7.98 8.0 + 0.6 sucrose 2.1k - - 3.2
1h adenosing: H+ 7.98 10.0 + 0.5  sucrose 2,14 1.1k = =
15 sdenosine; H 7.98 6.0 + 0.1 Do 2,1k 1.12 - 2.1
e}
16 adenosine; Hg - T.98 6.0 + 0.1 Dg0 2,30 O.7hh - 2.4
17 adenosine; Hg o 7.98 6.0 + 0.1 Da0 2.30  0.762 2.5 -
15 adenosine Hg,'+2 7.98 6.0 4 0.1 De0 2.3 0.727 - -
1) adenosine; Cha-Hg  8.02 6.0 + 0.1 IO b.2C 0.585 . -
-4 -2

conc. (F) .06 .0073 0.10 8.0 x 10 5.67 x 10
NeCA 10-1k
Hce 10,11, 13,1k
aC80, 15 16-19
HCZ04 15 )
2 Hg 16-18
2. CHg-Hg 19

pll of solutions 12, 16-19 adjusted by addition of appropriate smounts of HC4Q, or IHaOH.



TARIE 6

Deoxyadenylic Acid (5')

E % & 8
u Y 10 BS x 10 Dm x 10
Expt. Reactants of absorbing i pil ci/ see e anf
0o, interest material x 10° it Gradient (6°* C) volt/ca sec sec
20 deoxyadenylic 8.6 6.0 + 0.1 Do0 5.00 0.813 2.3 2.5
scid (5'); ®t
21 deoxyedenylic 8.46 6.0 + 0.1 D0 8.06 e | 2.2 2.6
acid (5'}); HF
conc. (F) 10 .00kL3 L0017 006
HaCE0q 20,21
HsAc 20
HAc 20
2 Tris buffer 21




TAQIR 7T

T-Mzthyladenine

T uxlo* D x10° D x 10
eonc. of s n
Bxpt. Reactants of absorbing i pil o/ sec cr® cu®
10, interest material x 10° *0 Gradient (23° C) volt/cn sec sec
22 T-methyl- 8.64 6.0 + 0.1 D0 1.60 1.87 3.9 L.t
adenine; H
23 T-methyl- 5 6.48 6.0 + 0.1 D20 1.60 1.45 k.2 %5
adenine; Hg
2k T-methyl- ., 6.43 7.0 0.1 D20 1.60 1.8 - -
adenine; Hg
25 T-methyl- ., 6.48 6.2 + 0.1. D0 1.60 2.50 1.5 2.6
adenine; Hg
conc. (F) 0,10 0,025 8.0 x 10°*
Uae0, 22.25
HC40, 22
2. Hg 23-25

Pl of solutions 23%-25 adjusted by addition of eppropriate amounts of HCEO..

solubion ez-—:electropharesis T drys after mixing T-methyladenine end ng ion.
2 i lo hI‘S. " " (i} " F i1
25-- ” immedistely sfter mixing T-methyladenine and Hg'e lon.

_68...



TABIE 8

S-Methyladenine
4 8
T conc. of ux10* D x10° B x10
Expt. Reactants of absorbing 4 pH cn/ sec o e
N0, interest meterisl x 109 b Gradient (23° ¢) voli/cm sec sec
26 O-methyl- 8.15 6.0 + 0.1 D0 2.30 1.58 3.4 G2
adenine; H
27 O-methyl- - 8.15 6.0 + 0.1 Dx0 2.%0 1.45 2.7 3.8
adenine; Hg'
corc. (F) 0,10 0.005 8.0 x 10~*
HaCl0g 26,27
HCLOg 26
. Eg a7

pil of solution 27 adjusted by addition of conc. HCLO,.

"Og"



TABIE 9

6=11, N=dimethylaninopurine

T T ST

| 4 p e
; ux10* P x10 DmxlO’
Expt.  Reactants of absorbing T pl e/ see o cuf
no. interest material x 10° e Gradient (23° ¢} wolt/en sec sec
28  6-N,N-dimethyl- 6.b2 6.0 + 0.1 D=0 1.60 1.27 2.2 2.9
aninopurine; Ht
29 6-11, N-dimethyl- 6.h2 6.0 + 0.1 Do0 2,%0 3.5 Ik -
aminopurine; H*
30 6-3-1,16-&111'|ethyl-+2 6.42 7.0 + 0.1 Do0 1.60 1.62 2.1 2.8
eminopurine; ig
31 6—1!,li—dimthy1—+g 6.h2 6.G + 0.1 D20 2.30 - 2.9 -
auinopurine; g
32  6-H,N-dimethyl- ., 6.42 6.0 + 0.1 Do0 2.30 140 2l 2.3
aminopurine; Hg
37 6-1, N-dimethyl- o 6.hk2 6.0 + 0.1 Dol 2.%0 1.4 - 2.3
aminopurine; Hg
conc. (F) 0,10 0.025 0.005 8.0 x 10~*
NaC£0y 23-33 '
HCAO04 28 29
L ig 30-33

pH of solutions 30-33 adjusted by addition of conc. HCEO4.

TC -

e



TABLE 10

Cyuidine
\ 4 (<] e
Y cone. of ux 10 DS x 10 Dm x 30
Bxpt. Reactants of absorbing T pH cn/sec o cf
N0, interest meterial x 10° o Gradient {(23° €) volt/em sec sec
3 cytidine; H' 8.0 6.0 + 0.1 D20 1.60  0.980 - .
35 cytidine; H' 9.88 6.0 + 0.1 DeO 2,50 1,00 2.3 -
37 cytidine; Hg' o .88 6.0 + 0.1 D20 2.30  1.08 - -
38 cytidine; Hg'® 9.88 6.0 + 0.1 D0 ~2.30  1.05 & -
conc. (F) 0.3 0,025 0.005 8.0 x 10°°
1nCL0, 3h-38
HCEO, 3h 25
Hg 3630

pH of solutions 36~30 adjusted by addition of cone, HCE04.

N
¥



2 cone. of
Expt. Reactonts of absorbing T en/ see
no. interest meterial x 10° "o Gradient (GQHC volt/em
39 DHA (calf thymus) ebsorbance 6.0 + 0.1 Dol 8.0 1.89
native of ~ 1.3
Lo DHA (cnlf thymus) - 6.0 + 0.1 Do 8.0 1.73
heat denatured®
cang. (F) 0.10 006
HeCEO, 33,40
Z Tris buffer 39,40

*py heating at 100° for 30 minutes.

- ¢¢
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V. SPECTROPHOTOMETRIC AND EIECTROPHOFETIC STUDY

OF THE MOTHYL MERCURY-ADENINE COMPLEXES

Pigure 6a shows the spectrs of « set of solutions containing
9,96 % 107° F sdenine ond 1.7% x 102 F CIEI?)-Hg"' as o function of pH.
CH3-Hg+ end CH.-Hg-Off do not absorb strongly watil A = 220 m co the
main features of the spectra in Figure 6z are due to adenine end its cou~
plexes. Clearly there are several cbsorbing species,

If the formation and dicsociation of the complexes takees nlace in
a gtepwise mammer, 80 that only one resction ls taking place to o signifl-
cant extent in & given range of concentrations, the analyeis of the date |

for a resction such as

P-(HgCHa)!™ + m Bg-CHs" == P-(ngcma)} (™) + 4"
can be made using the eguation
+
- N Y 3 (=) (15)
+
T-¢ @-~¢ (ey ~ eO)K (Bg-CHg )
e, end €3 are the extinction coefficients of P—(nga);n and P—(HgCﬂs);fz*'m"x)

respectively. € is the formel extinction coefficient per mole of ligand.
¥ b
A plot of the left side of equation (15) egainst TH-E(;%:)?SSE should
give a stralght line if the correct x end @ are chosen. K and g3 can then
be caleulsted fram the slope and the intercept. Filgure T shows a typicel

plot for the reaction
- IHe -* ) =

57 e
: l \> + CHg-Hg' it l > » B (16)
hi N l%ﬁ

-H H - - HeCHg H -
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Using the ebove technique three different adenine-methyl mercury
canplexes were fdentified. Table 12 lists the reactions involved and the
equilibrium constants. Alsc listed are the constants for some ¢other re-
actions obtained in the course aof this investigation.

Figure 6b shows the spectra of (adenine H)*, the three methyl
mercury complexes IV, V, and VI, and of (adenine) . The spectral changes
taking place in Figure 6s should be then easlly ldentifisble. Finally
Pigure 8 shows the relative concentrastions of the five adenine species
as a function of pH for the case when 2 055-Hg is 10"2 F.

The electrophoretic mobilities under various conditions are listed
in Table 13. Analysis of the date lesds to the following mobilities for

the different adenine complexes,

[Adenine BI* -~ 177 + W02 x 107
{Adenine-HgeH,]" - 1.25 £ .09 x 107
[Adentne- (RgCH,), 1" - 0.7k % .20 x 207
[Adenine-—(ﬂgCH3)]0 - 0.00 # .02 x 107

Thus we note that replacing e proton in edenine with a GH3~}£g+
decreases the mobility by 29%; replacing e secend proton by CH§~Hs+ decreases
the mobility by ean additional 29%.

It is perhaps not insppropriate to remerk that the spectrophoto-
metric investigation of the methyl mercury caxrg;lexes was undertsken after
a measurement of the electrical mobility of u = 1.00 x lO-h wne obtained at
pH 4.73 and L Cﬂﬁwﬂg = 8,12 x 1077, It wes assumed that under these condi-
tions the camplex present was Iadenine—HgC‘H3]+, but the change in mobility

from [adenine-H)" ceemed too large by compsrison with the resulte of the
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Hg+2 complexes,; end by comparison with the difference between protonated

adenine and adenosine. Thus, in this case, electrophoretic methods have

proved thelir usefulness as a semiquentitative clue to structural features.



TABIE 12

Constants
Reaction Kio7o0)(u=0.1) Method
Ru7 I\ " NA~A .
\t ] > + Cig-Hg k i, 2 + B 3,6 spectrophotometric
S g NN A
" L Hg~CHs
A v 2
+
r 5 Jg~Cls
IV + CHg-Hg e Nk/ ’ A + 5 .84 x 1077 spectrophotometric
\ f
n
H He~CHg
15 V ;
g 0
; " .
§Z N b
v+ GH == \\ Q + CHe-Heg-0i 2.3 x 10 spectrophotanetric
, " Hg-CHg
Vi
i -1
/J\ N
H \;
VI+ o o= k /l[ ) + CHg-Hg~0 1.8 spectrophotonsiric
BN

..6{._



IV + OB~ = VI + Hg0

CHs-Hg' + HaO > Clg-Hg-OH + H'

2.76 x 1077

3.16 x 10~

from K's listed here

pH-titration

Cal. Biochem. Corp.
Tables

E———
ilHz 0 -1
i
f" Z (=4 -lo i el et
| > + 1.5 x 10 spectrophobonetric
k ) g —
i H
H
% T id = 1.3 -3 ;
Clg~Hg~-0H + An == CHs-Hg-Ac + OH 2.44 z 10 pH-gtat




Fig 8
Relative Concentrations of (Adenine—ﬂ)+,

Corplexes IV, V, VI and (Adenine)  as a Function
of the Acidity
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TABLE 13

Electrophoretic Mobilities of Methyl Mercury-
Adenine Under Various Conditions

% of different species from
spectrophotauetric measurements

E:;g?' 7. CHe-Hg Tax 108 ol I A AR S u x 10%
4 8.12 x 107° T7.47 5,73 - 538 bs2 - - 1.0k
5- 8.12 x 1072 7.47 k.75 - 538 k.2 - = 1.00
6 8.12 x 1073 T.47 b.73 - 538 &2 - = 1.05
s 1.01 x 10°° 9.96 3.00 2.6 2.9 ki - - 1.18
8 1.01 x 102 9.96 9.60 = = - 00 - 0.00

9 5.22 x 107 9.9 5.90 - 10.3  89.7 - - 0.749
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VI. A CRITICAL REVIEW OF THE FBZYVD SPECTROPHOTOMETIRIC

INVESTICATION OF THE PURINE~-MERCURIC ION SYSTEMEZ

The mercuric ion-adenosine system has been investigaeted more
extensively thaen any other,

Pigure 9 shows the spectral changes es a function of pH for a
solution conteining 4.0 x 107 ¥ edenosine and 1.6 x 1077 F mercuric ion.
Curve 1 gives the spectrum of protonated adenosine in the abgence of Hg+2
ion, As the pH is Increased first one coamplex forms and then sg shown
by curve 5 another reaction occurs, Thus first of all one is almost
alweys limited in all the investigations 40 amall concentration ranges
with of course & corresponding decrease in the reliability of the method
usad.

Further complicatlons that should be kept in mind ere that the
spectral chenges are relatively amall and that with the type of ploits
used w2 has to apply o correctlon to the }!g+2 concentration cue to the
formation of Hg-CH" and Hg(OH),.

Pigure 10 shows the type of plois already discussed for the follow-

ing reactioms,

3 lHg . - NHg o
= i N :
N
l( | \>+1|Ig+2:“_"‘_. /|< | > +28 @7
. N I:I “ }'Ig \1\1 N
1 R | OB R
r m - - Imﬂ =
N N
N ==
L= | =
H N N Hg \N N
L R - R

-
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Pigure 10a shows a plot of tieo versus {%’ for a range of pH's
and mercuric ion concentrations at three different wave lengths. One Ob-
tains essentially straight lines with the same K. Figure 10b shows the
plot at A = 270 mpu for reaction 18. It is interesting to note that the
peints at different pH‘a'but the seme total mercuric ion conceniration lie
on approximately a straight line. This is no longer true when the mercuric
ion concentration 1s changed. PFurther experiments also show that there is
a certain smount of curvature for the plots for reaction 18 and the seme
total Hg+2 concentration. The results seem to indicate with a high degree
of certainty that reaction 17 is teking place rather than 18. The neture
of the complex found at lower values of I{*/Hg“ (curve 5) 1s not known.

It would be difficult to investigate because of the hydrolysis of Hg+2.

The 9-methyladenine-—ﬁg+2 system resulis are similar to adenosine
but not quite as convincing. A streight line plot is cobtained for the
release of 2 protons as a varietion of pH and 2 Hg+2 vhile some scatter—
ing of points is obtained for the releasse of one proton (see Fig. lla and
b). Again only o limited range of concentratiocns of "' end ng can be
looked at because of further different spectrsl changes.

The acle-nine-ﬂg‘e gystem shows different behavior. Even though
both the 2. Hg+2 and H+ concentrations are veried a reasonably streight
curve is obtained in both ceses indicating some sort of camplication in
the reactions teking place. PFigure 12 shows a set of curves and should
be compared to Figures 10 and 11. OQuite possibly both reactions

[adenine-H]T + Hg—OHzH e [adenine-Hg-0Hg}*" + H¥

{adenine-Hg-0Hp)** —= [adenine-Bg-on]* + &'



X104 -

E~Es

Fig 11a Fig b

_LT{"

5_
¥4
A =280 o 4} A =280 o
v v/
<
2 B3F
>
]
W
—11
/G> @ ©
\V4 2r 7
v/ Y qete v
H F pH -
6 1.50 x 10°° 1.98 - 2.65
9  2.0-5.0 x 107° 2.00 | I
Y. 9-Methyladenine - 1.07 x 10 * F
| i i 1 J 0 X 1 I
20 40 60 80 100 0 > a

B
Ht2 HY)
( %Hg*z) X 10 ( /(Hg*z)



Fig 12a

x 104

€—€-o

=

pH - 1.31-2.09
L Hg™ - 1,020 x 1027
2 Adenine 8 x 107> F

Fig 12b




- k49 -

are taking place. It is also conceivable, since adenine has an additionsal
H-H group, that a dimercurated species formms. A precipitate forms if the
pE of a Hg+2-adenine solution is lowered below 2. Thus it is difficult
to study this system over a wide range of concentrations.

The 6-N,N-dimethylaminopurine system has been investigeted only as
a function of pH. Both the plots for 1 and 2 proton liberation seem to
glve straight lines. However as has been shown for the sbove 3 cases with-
out substantisl Hg+2 variation no definite conclusion cen be drawn as to
which reaction is tsking plsace.

A careful look at the spectrophotometric investigations done thus
far indicate then that for edenosine and 9~methyledenine in all probability

the following reaction is taking place,
HP' + Hg-OBg' == P-Hg-0H' + 28" (19)

while in the case of adenine the reaction is probably more complex. Also
there 1s not enough information to determine the possible reaction for

6-N,N-dimethyleminopurine.
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VII. CHARGES AS DETERV{INED BY COMPARISON OF THE ELECTROPHORETIC
VELOCITIES OF STRUCTURALLY SIMILAR MOLECULES

Teble 14 lists the mobilities of the various purine and pyrimidine
systems at 6.0° C and in the presence of a Dp0 gradient. The left side of
the table gilves a comparison of the mobllities of the protoneted systems
of known charge and the right side shows the observed changes in the electro-
pheretic velocities when Hg'® or CHs-Bg' ious are present under similar con-
ditions. For comparison purposes the mobilities of the adenine-methyl-
mercury complexes are also listed.

P In the first place it is observed that edenylic acid at pH 5 with

a charge of -1 has a mobility of 0.81 x 10"h

while at pH 8 with a charge of
-2 the mobility is 1.30 x 10‘1‘. Thus when the charge increases by 2 factor
of two the mobility increases by a factor of 1.6, The extra drag is presum-
ebly due to increased solvetion around the binegative phosphate grouvp, on
which the charge is localized.

As shovm by equation 5 the mobility is inversly proportiocaal to the
friction coefficient f. For a spherical molecule f is proportional to the
one~-third power of the moleculer volume. Qualitatively speaking, this
would suggest that the mobilities would decreese as methyl or other bulky
groups are added to adenine. The eddition of methyl groups would also
change the solvation directly end perheps indirectly by chenging the
charge distribution on the ions and these phenomens too should change
the mobility.

It is true thet the mobility decreases In the series: adenine,
9~methyledenine, 6-N,N-dimethyleminopurine, snd adenosine--all in the mano-

protonated forms., That T-methyladenine does not fit into the series can be



TARIE 1k

System 2 pH u x 10% Systen ol a x 10%
cdenine; HT +1 1.60 174 adenine; Bg+2 1.60 2.1%
7-methyladentne; H' 41 1.60  1.87
J-methyladenine; g +1 2.30 158 J-methyladenine; Hg+2 2.30 1.h45
6=, li-dimethyleninopurine; H 41 1.60 1,27 6-N,B-diuethylaminopurine; Be'ec  1.60  1.62
6-li,i-Qimethylaminopurine; E  +1 2.3  1.33 6-N,l-dimethyleminopurine; Hg'e  2.3%  1.40

6-N,H-dimethylrminopurine; He'o 2,30 1.0 é;
eytidine; H' 41 1,60 0.9 cytidine; Hg o .60  1.50
eybidine; o' #1230 1.00 cybidine: He'™ 2,%  1.08

cytidines He' 2,30 1.05
adenosine; at +1. 2,14 1.18 adenosine; Hg+2 2.30 0.74

adenosine; Hg'e 2.30 0.76

T 2.0 0.73
deoxyadenylic acid (5');E' 1. 5.00  0.813  adenosine; CH5—Hg+ 4,20  0.585
deoxyadenylic actd (5');H 2  8.06 1.30

[2denine H@—CHSJ+
[edenine (Hg-CHg)pl* u

u

1.25 x 10”%
0.74 x 107¢

f

fl
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rationalized by supposing that the methyl group interferes with the solva-
tion of the amino group.

The fact thet positive adenosine has & greater mobility than uni-
negative sdenylic acld suggests that the greater charge localization on
the phosphate group in the latter case leads to greater frictional dreg.

Cytidine hes a lower mobility then sdencsine although it ip smaller;
this too may be due to charge localization effects.

The factors which affect the mobility are evidently complex, UNever-
theless, with the limited information aevailsble, we shell attempt to draw
sare conclusions about the mercury complaxes.

As already indicated in the previous section we balieve that at
pH 2.30 the charge on the esdencsine-mercury complex is +1, the conclusion
being based on the spectra obtained by FBZYVD end on the comparison of
the bonding tendenciles of adenine and edenosine, The decrease in mcbility
fram 1.12 to O.7h x m‘““ in what would be expected for replacing a protom
by a bulky -HgOH group. There is & further decresse on changing to the
CH5HE+*Q‘0“P-

The increase in mobility of the Hg'“-adenine complex is therefore
unexpected on the basis of the FBZYVD conclusion that the complex is
adenine -Hg-OH', Since the mobilities of (sdenine H)* end (adenine-—ﬂgcn})*

are 1.77 x 104 and 1.20 x lO-h wa would expect adenine Hg-OH to be about

1.40 x 1072

-
. The observed mobility of 2.1k x 10  indlcates that indeed
the interpretation of the spectrophotomstric data are not slways reliable
and at pH 1.60 the complexes (adenine-Hg)'" end (adenine-HgtH)" are voth

present in significant emounts.
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One possible complication should be mentioned here. The electro-

phoretic data were taken at 6.0° in mixed HEO—DEO solvent; the spectro-

photometric data were teken at ~27° C in 320. It 1s possible that a dis-

sgreement between the two kinds of deta is due to thils factor.

Bearing in mind the discussilon in the previous section, we further

propose in view of the electrophoretic results that at pH 2.30 the S-methyl-

adenine compleXes are vartislly in the plus one end partielily in the plus

two state, but with the grester emount belng present ss the plus cne ion.

The solubility and equilibrium chorecteristics are such that the

6=, H~dimethyleminopurine-mercury system cen be studied st pH's of both

1.60 and 2.3%0,

following equilibrium coastant and mobilities

—
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FBZYVD report the following equilibriwm for cytidine,
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The resultc in Table 1% cen be expleined by assuming the

+ 2 (20)

+ 1 (21)
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A% pH 1,60 the ratio of cag' ' /caHu-0itis celculated to be %.2:1.
b pH 2,30 4t 1s 1:1.2. The corresponding coleulsted mobllities from
Table ik arve 1.73 x lD*h and 0.54% x 1o‘h. These numbers are respectively
slightly too high and too low. This Indlcetes that either there iz in-
accuracy in the data or other resctions besilesthe assumed one arve Laking
place. Nevertheless, the qualitative feocture of the decresse in nobility
with increasing pH 1l satisfactory.

Thus we see thet electrophoretic date permit us to meke signifi-
cant qualitative, butl not guantitative, stalzpents about the complex

gpecles pressnt.



directly related to the discussion of section VII.
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MISCELLANECUS RESULTS

In Teble 15 are listed e number of mobllity measuremenis not

TABIE 15
zﬁ?' T°C Gradient pH 7 %ﬁ% x 10
1. adenine; H' 0.0 + 0.1 sucrose 2.1k 1.09
2. adenine; H' 6.0 + 0.1 D0 1.60 1.77
10. eadenosine; H' 0.0 + 0.1 sucrose  2.14 0. 777
11. adenosine; H' 6.0 + 1.0 sucrose 2,14 0.905
12. adenosine; H' 8.0 + 0.3 sucrose  ~ 7 0.00
14. edenosine; H' 10.0 + 0.5 sucrose 2.1k 1.1k
15. sdenosine; H' 6.0 + 0.1 Da0 2.1k 1.12
22. T-methyladenine; H' 6.0 + 0.1 De0 1.60 1.87
23. T-methyledenine; Hg 6.0 + 0.1 a0 1.60 1.5
24, T-methyledenine; Hg 7.0 4+ 0.1 Dpo 1.60 1.8
25, ‘f-methyladenine; Hg 6.2 + 0.1 Da0 1,60 2.50
33. DNA (native) 6.0 % 0.1 DaC 8.0 1.88
Lo, DHA {(denatured) 6.0 + 0.1 Dg0 8.0 LT3

Experiments 10, 11, and 14 give 2 rough idea of the increase in

mobility as cne raises the temperature while keeping all other conditions

identical.

The velocity for edenosine increased by 50% for a ten degree

change. Therefore for the rest of the experiments the tempersture wvas con-

trolled to 0.1° to assure mobilities accurate to 1 or 2 per cent.



As a Tirst approdmation on chenging the gradient from sucrose to
Dal the mobiii"c& should be unaffected., The increase observead in experi-
ments 11 end 15 then could be due to ervors in the values of the electric
Pields E thot vere used.” Another possibility is thet the adenosine
interscts with the sugar meking the moleculor volume larger thme reducing
the velocity. The seme effect is cbserved in the case of adenine. The
increase in mobllity is too large in golng fram the conditions in experi~
want 1 to those in experiment 2 to be accounted for by the 6° inerease in
temperature.,

The T-mesthyladenine-mercuric ion systea turned out to be more
complex than the others. The wobility changes es a function of time.
Experiments 25, 24, and 23 were done immediately after mixing of the
solutions, after 10 hours; and after 7 deys respectively. In view of
the faect that protonated T-methyledenine has o mobility of 1.87 = 10—!4'
it would eppear thet the change in mobility for the mercurle camplex in
 going from 2.50 % 10'1‘ to 1.45 % lO-h could be accounted for by s +2 species
reacting to form a +1 species. There are also spectral changes bul they
are mmch slover and do not seem to be relsted to the decrease in mobility.
8ince. the hydroiysis of mercuric ion-purine systeme is not accoupenied by
large changes in spectra one is tempted to say that for some unexpleinable
reason in the case of T-methyladenine this hydrolysis is slow. The change
in spectrum on the other hand could bhe caused by mercuration in the sumber
S-position.

The calf thymus DA experimente were used to check that there is

no significant spreading of the boundary dus o coavection since on the

*
In experiment 11 E was measured directly while in 15 1t was caloulated
from conductivities,
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time scale used here these high molecular weight molecules should not dif-
fuse significantly. This was in fact observed. At the same time it was
gshown that the mobility is the same whether the boundary is moving into or
out of the density gredient. Any possible eignificance of the DIA resultvs
is not discussed here since P. Baine and B. M. Olivers of this loboratory
are carrying out s much more extensive investigetion of the electrophoresils
of different DNA's under various conditions.

Table 16 lists the experiments that show the type of reproducibility
that can be obtained for the proton and mercurlc ion systems. Consldering
the complexity of the systems involved and also of the solutions the aversge

deviation of spproximately 3 per cent is not unexpected.
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TABLE 16
_ cm/sec 4 A%
T pH vem * 19 (maximm)

edenine; H' 0.0 + 0.1 2.1k 1.09

0.0
edenine; H' 0.0 + 0.1 2.1k 1.09
6-N,N-dimethylaminopurine; H' 6.0 + 0.1 1.60 1.27

b7
6-N,N-dimethylaminopurine; B 6.0 + 0.1 2.3 1.33
cytidine; H' 6.0 + 0.1 1.60 0.980

2.0
cytidine; B 6.0 + 0.1 2.30 1.00
sdenine; CHellg 6.0 + 0.1 h.73 1.0k
sdenine; CHaHg 6.0 + 0.1 h.73 1.00 5.0
adenine; CHgHg 6.0 + 0.1 4.73 1.05

+2

adenosine; Hg 6.0 + 0.1 2.%0 0.7l
adenosine; B,g+2 6.0 + 0.1 2.30 0.762 4.8
adenosine; Eg+2 6.0 # 0.1 2.%0 0.727
6-1, N~dimethylaminopurine ; Hg'ha 6.0 + 0.1 2.%0 1.ko

0.0
6N, N~-dimethylaminopurine; 384-2 6,0 + 0,1 2.3 1.40 ,




I¥. CHARCES AS DETERAINED BY ELECTROPIIORESIS AND DIFFUSIOH

Ap alresdy mentioned in the introduction the charge Z of an loo

is given by the eguation

k = molecular gas constant
T = sbsolute temperature
KPy u°
2 = (??) 7 e = electronic charge (22)
u° = wmobility
p° = @iffusion coefficient

The sbove relationship holds styictly only for an isolated particle
of charge Z moving in a dielectric medium under the influence of an elec-
tric field E. Por charged species in sclution the ebove equation has to
be medified becsuse of the ion atmosphere. uo and Do ere measured only
in the limiting cese of very low concentiraticns.

The two factors affecting u are &) the relexetion effect and b)
the electrophoretic effect. These are drags experienced by the loan be-
cause of retarding forces due {0 a non-symmetrical lon stmosphere and
solvent motion respectively. The Debye-ﬁgckel approximat ions ave used in
calculeting the magnitude of correctlons necessary.

The force A F due to the dissymustry of the ion stmosphere 1is ob-
teined spproximotely (8) by multiplying the ratio of the distance the ion J

is ahead of itz atmosphere to the thickness of the latler by the sotal force

between the ion and its atmosphere,

e® & F,
AF, =~ . (23)
K = reciprocal of ion atnosphere

F, =e.B

J J



The ion of interest will be also cerried by the mediwn iun the
direction opposite to its motlion. If one essumes thel the entire charge
~e of the atmosvhere is situated on a spherical shell 1/k from the ion
and that the motion of the sphere obeys Stokes Lew then

P.r

S - :
&, Z{‘Zﬁﬁ (21)

Congequently the net velocity u, is givea by

d
u =uo—f~§i+£§.u
J J fJ
o SOKF, «F
or uy =y - ~§§?; e
. ek kT,
uy = u, (1 - T ™ B ) (25)

The above equetion holds st relatively low comcentrations so that further
refinements are necessary.

The effect of increased lonic gtrength on diffusion consteants can-
not be explsined by any simple theory. The diffusion constant used in
equation 22 is the limiting cese for itracer or self-diffusion at low ionic
strength. These conditions are only sprroximmitely satisfied in the actual
experiments that have been done.

The above discussion serves to illustrate the inherent difficulty
of calculsting Z for sn ion even if asccurste msasurements of v and D are
evailable. However if good accursey were obltasinable then an empirical
method might be used. One could calculste an apparent charge Za by use
of formula 22 for o coapound or complex of definitely lmown charge. Then

if another caupound of similer structure had the same Z_  under approximaste
e a &



w BY -

the sams conditions one would infer they also had the same actual charge.
Such an attempt has been made for the purine systems.

Teble l'? gives the diffusion resizlts measured for the stationary
boundary and the Z& as calculeted from equetion 22. The last coluwm shows
the actual Z for the protonated species. The numbers in brackets are the
charge ranges expected for the Hg+2 conplex systems as deduced by electro-
phoresis. It also should be noted that the stationary boundery diffusion
constants were used since the moving boundary ones generally were larger

due to some coavective or mechenical stirring.

TABIE 17
BExpt.

no. D, x 109 u x 10% z, Z(actual)

1. adenine; H' 2.1 1.09  1.19 #i

3, adenine; Hg & 2,50 2,14 2.03 {1.3-1.7)
10. adenosine; H' 1.k 0.T7T7 1.30 +1

17. adenosine; Hg ' 2.54 0.762 0.72 [1.0-1.2]
20. decxyedenylic acid (5'); H' 2.27 0.813 -0.86 i
21, deoxyedenylic acid (5'); H' 2.18 1.30  -1.h3 -2

22, T-methylsdenine; H' 3,91 1.87  1.15 +1
26, 9-methyladenine; H' 3.37 1.58  1.12 #1

27. 9-methyledenine; Hg'e 2,74 1.85  1.27 [1.0-1.4]
28, 6-N,N-dimethylaminopurine; H' 2.21 1.27  1.38 +1
29. 6-N,N-dimethylaminopurine; R . 3,08 1.53 1.03 +1
30, 6-N,N-dimethyleminopurine; Hg'e 2.1k 1.62 182 [1.h-1.8)
32, 6-N,N-dimethylaminopurine; Hz'>  2.06 1.0 1.63 [1.2-1.6]

35, cytidine; H' 2.28 1.00  1.58 *
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It should be noted that for the protomated specles of charge +1
the values of Z_ are in the range of 1.03-1.58. As has been mentioned
before the accuracy of the diffusion constants is only of the order of
30% so that the sbove spreed in Z is probably due in larger part to the
unreliability of the D's., The two negative species shown in Teble 17
have low wvalues of za as caupared to Z. This observed difference between
the positive snd negative ions probably reflects the different effect that
the surrounding medium has on their di?fusion comnstants.

The empirical method as outlined in this section reslly locks
hopeful when one cbserves that the average za’s for the complex mercuric
ion systems fall in the expected range as sgain determined by the electro-
phoresis results =and the Za‘a observed for protonated systems., As an
example adenine—~Hg+2 glves a Zla of 2.03 while the actusl average Z is
probably in the range 1.31.7. Agein we see that for positive ions Za
tends to be higher than 2.

Thus we may conclude that the results obtained so far show that
the empirical approach for determining the charge should not be sbandoned.
Better diffusion coefficient messurements hold the key for determining how

good this method mey be.
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X. GENERAL CONCLUSIONS

The purine end pyrimidine gystems involving reaction with Hg+2
or cas-ag" have turned out to be more complicsted than was suspected froam
the initial spectrophotometric work. Electrophoresis has suggested that
mixtures of complexes exist under conditions where it was belleved that
only oné complex predominates. Purther complications such as mercuration
and ultraviolet light induced reaction have slso been detected., However
it sppears that even under these somewhst adverse conditions electro-
phoresis can be a valuable tool in helping to determine what takes place

in systeme where other types of measurement are hard or impossible.
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APPENDIX 1

Deteiled Description of Apparatus

Por convenience, Pigure 2, the schematic drawlng of the apparatus,
is also shown on pege 68.

The light source (a) is a General Electric H85 A3 mercury arc
heving a guertz envelope about 1.5 cm fram the arc itself, The arc can
be adjusted horizontally snd vertically for meximm intensity by means of
a rack and pinion arrangement. Directly in froot is & 3.5 cm dismeter and
~ 3 mm thick ground quartz plate (b). This light diffuser causes the loss
of ebout 40% of the intensity but averages out ell the fluctuetions in
intensity due to the wendering of the arc. Mounted right next to the
quartz plste is a diaphragm type slit {c). The size of the opening can
be easily varied and for the experiments to be described here was opened
3 mm. A smaller diameter hole does not allow enough 1light to pass through
vhile a lerger one leads to focusing problems since one does not have any
more a point source. As far as the rest of the optical system is concerned
the iris of the dlaphragm appears to be the light source. |

In order to filter out all wave lengthe except those in the 240-
280 mu range where the compounds of interest heve absorption maxims three
different filters (d), (e), end (f) are employed. (d4) is a 7-5% Corex
filter two inches squere and 3.04 mm thick (no. 9863). (e) and (f) are
identicel size (8 ocm long; 3.5 cm in diameter), quartz, "high-pressure”
filters obtained from the Spinco Division of Beckmen Instruments and
f1lled with 032 and Br2 gas respectively. Thus most of the light intensity

that hes been utilized in these experiments is due to the 265 mu line with
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much smaller contributions from nearby emission lines. An actusl experi-
mental check was made to shéw that the light is monochromatic encugh 80
that deviations from Beer's Law are not detectable.

(g) is a 40 mn diemeter fused quartz lens with a 28.5 cm focal
length for the 265 mu line. Since the spparent light source (c) is at
the focus parallel light leaving the lens enters the cooling cell at
point (h) through & quartz window having a diameter of 5 cm.

The cooling cell (i) is made from ~ 1.5 mm thick stainless steel
plate. It is 30 cm long, 25.5 om wide, and 30 cm deep and can be lowered
and rsised es necessary. Mounted flush with the inside walle is the cool-
ing coil comsisting of 2k feet of 5/16" o.d. steinless steel tubing which
is connected to e Precision Selentific Coupany constant temperature bath.
By this meens ﬁhe temperature of the distilled 320 in the cooling cell can
be meintained to within + 0.1° C of any preset temperature. The cooling
cell is provided with a variable speed stirrer end is completely insulated
by 1" thick polystyrene foam. At position (k) is enother guartz window 5 cm
in diameter. For experiments below room temperature predried air is passed
continuously over the windows to prevent fogging.

The electrophoresis cell which will be described separately is
mounted at (J) 14.8 cm from window (h). The parsllel light obtalned at
(g) pesees through the 1 cm light path of the electrophoresis cell and
leaves the cooling cell by window (k). 52.7 ca from position (J) is a
quartz lens (£) similer to lens (g). The 1l:1 image of the electrophoresis
cell ie formed 60 cm from (2) at (m) where the moving slit is loceted.

The object and image distences ars not equal because of the water in the
light path.
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The moving slit is raised and lowered menuelly by meens of a copper
strip which winds around the axle of & linear, precision, single-turn, )
continuous~rotation 10 K potentiometer (G. S. Marshall Compeny--~Helipot
Model No. 5705). A 1.5 v battery is used as = voltesge source. The almost
linear change in current as the slit iz moved is plotted as the abscissa on
o Moseley Model X-135 x-y recorder. Absolute distance is obtained from
markers vhich are & definite distance apert next to the electrophoresis
cell, The slit width 1s adjusteble but hos been set et 0.1 mm.

At position (n) 1.5 cm pmst the slit is & 15.5 cm focal length
lens. It focuses the light passing through the slit on an RCA IP28 photo-
tube, The lens is used in order to try to keep the light felling on the
same spot of the nphotosensitive surface no matiter where the moving glit
is positioned.

In the photomultiplier there are ten stoges. The stage resistances
are 68 K, there is a loed resistor of 225 K and in parallel with the load
registor there is a .05 pfd capacitor. A Keithley Model 240 high voltage
supply haes been used to give a 60 volt drop per stage. The final photo-
current is proportional to the amount of light reaching the photocell and
is measured by using the y-input of the x-y recorder. The input resistance
of the x-y recorder is in parellel) with the photocell load resistor.

Thus one obtains e plot of intensity of light passing through the
electrophoresis cell versus position in the cell,

By choosing the correct light filters and phototubes and with
proper adjustment for the change in focel length as a function of wave-
length the apperatus could be used for investigation of systems having

absorption maxima in other regions of the unltreviclet and in the visible.
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APPENDIX 2

Detailed Description of the Filling of
the Electrophorecis Cell

Por canvenience Figures 3 and &4 and Teble 2 on all of which the
following discussion is besed are also included in this appendix.

1. The electrophoresis cell is mounted and clemped in the proper
position in the cooling cell. The cell should be clean and dry.

2. Electrode compartment K is f£illed through stopcock I with
electrolyte solution (no. 8) care being taken thet no eir bubbles remain
trapped in K or stopcock J. Stopcock J is closed right after solution 8
pushes all alr out of it, but I remains open. Syringes are used for
layering all the solutions in the cell.

3. Polyethylene tubing L leading fran the mixer to the inlet
tube E is pinched closed.

L, Solution No. 1 is passed in through stopcock H until it is
Just past Joint C., ©Step 3 prevents solution 1 from creeping into the
inlet tube.

5. Btopcocks H and I are closed and J is opened. Distilled 320
is I;aeaed inteo the cooling cell and is cooled down to the desired tempera-
ture. Simultenecusly defogging of windows is started.

6. Solution 1 is added or removed as necessery so that its sur-
face is even with the inlet tube.

- 7. The syringes containing solutions 2 and % are mounted in the
gradient meking machine.

8. Inlet tube L is opened. Tubing M is £illed with solution 2

and tubing N, the mixer, tubing L, and the inlet tube E are filled with
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TABLE 2

A Representative Set of Solutions for an Electrophoresis Experiment

Soln. Dol NaC204 HC£0,4 Hg (G804 )2 Pyrimidine
no. vol., % ¥ P x 10° P ox 10% F x 109

3 36 0.10 540 8.0 -

2 28 0.10 5.0 8.0 ‘ -

3 28 0.10 5.0 8.0 8.0

b 8 0.10 5.0 8.0 -

5 8 0.10 540 8.0 8.0

6 b 0.10 5.0 8.0 -

7 0 0.10 5.0 - -

8 Blectrolyte: ~ 6 F NeCf and 0.6 F HCE

solution 4. L is pinched closed so that there is no tendency for solution
4 to enter the cell.

9. How using e syringe that has atlached to the needle tip o
narrovw glass capillary bent at right engles one cerefully layers solution 6
on top of solubicn 1 until the cell is filled to the top of jeint B, This
solution has been precooled to the temperature in the cell so thet no con~
vection currents are set up.

10. The top electrode is mounted in place and electrolyte solution
is placed in compartment A until the electrode is just covered.

11, Precooled solution 7 is carefully layered on top of solution 6
to the top of the square central tube end similarily on top of the eleciro-
lyte in compartment A. Then additionel volune 1s sdded as shown to obtain

good electrical contact.
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12. Now the initial Intensity (I ) is measured (see Pig. 4). The
mercury arc 1s allowed to warm up at least a half-hour before the £illing
of the cell.

13, Polyethylene tube L is opened and the density gredient mechine
is turned on. At the helfway mark the machine is stopped; L is closed
egain and the gyringes with solutiocns 2 and 4 are replaced by syrinées
containing solutiocns 3 and 5. Care has to be teken that no bubbles are
introduced into the system during this operstion.

1k, Tube L is opened end the rest of the gradient passed in until
the boundery sppears in the light peth (curve 1 - Fig. 4). Bow L is
clamped shut once more, Since sbout two-thirde of L are submerged in
the coolant no precocling of sclutions 2 to 5 is necessary.

15. If diffusion measurements aere desired then the boundary is
sharpened by withdrewel of solution between points x end y (Fig. 4). A
very nerrov capillary whose end is bent at 90° and which is attached to
8 syringe clamped in & precalibrated position is used. After the with-
drawvel of the solutlon the capillsry cen be removed with minimm dlstur-
bance giving & boundary which can be as narrov as 0.2-0.3 mn {cwrve 2 -
Pig. 4).

16, One ic now reedy for electrophoresis.
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PROPOSITIONS
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PROPOSITION I

It is proposed that an investigation be made of the interaction
of deoxyribonucleic acid (DNA) with methylmercury.

The metal ion complexes of DNA have drawn increasing sttention
during the past few years as & possible means of obtaining additional
informetion ebout the structure and properties of DA, Hg+2 and Ag+l
ions have been used to study the complexing of the nitrogen base moieties
(1-6). Various types of measurements have been made, but so far it has
not been possible Lo propose a definite complex or complexes to explain
all the observed results.

As Hg+2 ion is added to DHA abt pH 5.7 & decrease in viscoaity is
observed indicating some disruption of the helical DHA structure. The
complexing is accompanied by spectral shifts. Initislly there seem to be
two protons released per Hg+2 ion. There is one complex up to one Hg+2
ion per two DNA bases and additional complex or complexes at higher con-~
centrations. The complexing can be reversed by the addition of a strong
Kg+2 complexing egent and native DNA with retained biologicsl activity ia
recovered (7).

The hydrogen bonding of an A-T pair in DNA is shown below as a

supplement to the discussion that follows.
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Reaction of Hg"'a with the H-3 or N-7 nitrogens of adenosine (or
guanosine in the GC pairs) cannot give the observed two proton relesase.

An Eg+2 1an between the bases of the Watson-Crick structure should destroy
all the hydrogen bonding. A bond between N-% of the pyrimidine end N-1 of
the purine should liberate only one proton, while a bond between N-3 of
the pyrimidine and the amino group of the purine would give a two proton
release but requires a large amount of distortion of the DHNA.

a-interaction of the Es+2 ion with two bases vertically sbove each
other in the same strand would slso lead to distortion of the DNA and
leaves unanswered the question of the cobserved proton relesse,

Simi;.arily the suggestion thet the two strands of DNA slide so
that thymidines can be opposite esch other would gilve the initial two
proton release but requires s large amount of hydrogen bond cleavage.

Pinally the fact that native DNA can be regenerated would seem to
rule out any suggestion that any of the complexes are the result of strand
separation.

The fotersction of Ag® dou with DHA is quite different from that
of ﬂg+2. There i3 very little decrease in viscosity, indicating that the
helical structure is not disrupted. There is no proton release upon forms-

1 Agt
tion of the fi:st complex (“'E"S§§ZE) and some proton release for the second
complex (§l€%§:g).

be explsined by essuming reactlion with N-7 or I~3 nitrogens of the purines

As pointed out by Yamane and Devidson (4) the sbove cen

in slternete bese pairs, followed by further reaction with the remaining
H-7 or N-3 accompanied by some replacement of the hydrogen bonding thus
iibersting some H' ions. |

It is obviocus that the interactions of the Hg+2 end Ag+ ions with

DNA are complex. By simplifying the system, i.e., by using an icn like



&Y
g 'r\., -
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CH3-Hg+ which has only one reactive position it should be possible to
obtain more concrete evidence about the type of complex or couplexes
being formed. Also the problem of Lydrolysis present in the Iig+2—DIir’&
system is eliminzted.

Por the methylmercury-Dii system it should be easy to tell
whether the reacticn takes plece at the N-% or [-T nitrogens of the
purines as opposed to interaction with the nitrogens involwed in the
hydrogen bonding., In the latter cese one should obtain strand separa-
tion.

Thus it 1s fell that experiments of the type already carried out
for the Hg+2-DE‘2A and A{_-;+-Dl‘m system should be extended toc the CHQ,Hg"'-DBA

system,
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PROPOSITION II

It hae been observed in this laboratory that adenosine in the
presence of excess Hg*a ion undergoes photochemistry. It is proposed
that the type of reaction teking plece and the type of products formed
be investigated.

Since photochemistry may pley an importent role in masny biological
procegses the effect of radiation on bilological meteriasls and their com-
ponents has been of interest. A limited smount of experiments have been
done with purline derivatives.

Purine nucleoside-bound carbohydrates like adenosine are steble
even in slkalsi where mono- and polysaccharides decompose. Murthermore,
Shuger and Wierzchoweki (1) showed that for sdenceine in 0.01 M NaOH
the suger molety is essentielly uneffected by irradiating = ].O-l+ F
solution with & resonance lamp (all wavelengths below 2b0 mu filtered)
at an intensity of 1017 quanta/ cma,/min for 1 hour. Thus one concludes
that the carbohydrate components of purines ere unaffected by radietion
of wavelengthe greater than 240 mu and even those down to 220 my where
the carbohydrates stert absorbing weekly. The destruction of the sugar
may occur in some cases by energy transfer fram the aromatic ring, Other
1nvestigat§rs (2~4) have also shown that nucleosides and nucleotides of
adenine and guanine are remerkably resistant to irradiation but that under
anaiogous conditions adenosine triphosphate undergoes considerable degra-
dation. However no adenosgine but only sdenine is among the photoproducts

indiceating thaet the sugar adenine bond is made lablle by the pyrophosphate

group.
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Since adenosine in gener=1l exhilbits high resistence to photo-
decomposition it would be of interest to determine what sort of products
ere oObtained when the }Ig+2 cauplex wndergoes photoreaction.

There sre four mein possibilities of which I prefer the initiel
o2,

e) That the Hg+2 ion mekes the suger-purine bond lebille. Then
the products should be an adenin -Hg+2 complex and carbchydrete. There
is slso the possibility that the liberated carbohydrate rescts with the
exceas Hg+2 ion.

b) Thet the cerbohydrate group is destroyed and the ac?..enirse-—,’ifz
camlex is left intact.

¢) Thet the purine is destroyed leavi:s the carbohydrate to
possibly react i‘—urther with the excess Hg+2 ion.

or 4) That there ie addition of N0 across a double bond &g in the

case of pyrimidines (as first observed by Sinshelmer with uridylic scid
(5)) or that some Iels;ted reaction takes place.

Begides determining the products it would be of interest to see

vhether cazpounds similar in structure to adenosine are elso made photo=

- 5 +2
gensitive vhen complexed with Hg — ion.
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PROPOSITION III

The determination of the smount of phosphorous (P) in different
materials of biologilcal interest ls often involved, tedious end un-
reliable {(1).

It is progposed that the amount of P51 in these materials be
determined by the use of neutron sctivation enalysis,

Irradietion of samples conteining PB . in o thermal neutron pile
leads to the productlion of redloactive 932 . This isotope has 2 half-life
(t%_) of 14,30 deys and undergoes beta decay (1.701 kev B ).

The thermal neutron cross section of 1?31 is 0.23 barns. For =
neutron flux of 5 x 1012 Eﬁ%@ end an irradiation time of 1 hour the
retio of staus Pae/atoms 231 ~ bl x 1077,

For 2 x 10° disintegrations of P>=/min right after irradistion

)
the number of P}“' atons needed are

(- aP®/at)(ty) 7
Noas = a5 e = 5.95 x 10" atouns

Then the approximate inltisl moles of P:ﬁl needed are

- 5.95 x 107 atous
BpS = I x 10-9)(6.025 % 1023 atoms/mole )

ey = 2.38 x 10" %moles

This corresponds to 7.6 x 10—1!' wng PDl. A deoxyribonucleic acid
{DliA) solution having an optical ebsorbance of 1 at A =260 mu in a 1 em
cell has a P concentration of ~ 1.5 x lO'h moles/liter or 5 x 10"5 mg of

P/mé. Therefore under the conditions outlined cbove the practical limit
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would be the snalysis of 1 mf of solution having an optical ebsorbence of
¢

The pensitivity of the method can be increased in several ways:

a) Thermal neutron fluxes as high as 1 x J.()l"L are available in-
creasing the sensitivity by a factor of 20.

b) Longer irrediation times can be used. Irradiation times
longer then t% are not practicel becsuse of aaturétion. Howevér one can
eansily increase - 9%;5 by at least a factor of one hundred.

¢) Another factor of ten may be obtained by settling for smaller
initial decay rates and correspondingly longer counting times in those
cases where the solution is free of any interfering decay of other nuclides.

. As a result the detection of .0l ug of P3* is possible. Therefore
neutron ectivation may slso be used for the detection of the presence of
small amounts of DNA or other materisls. Up to now such detection involves
the camplicated process of labeling the material with P* by chemical
means.

For celibretion purposes one would simultaneocusly irradiate a
solution of known inorganic P3! concentration. In generel a few days wait
may be necessary to allow any shortlived radicactivity in the samples to
die out (Na®* Por example).

That the neutron activaetion procedure is feasible is supported by
the fact that Mautner et el. (2) have succeeded in labeling the adenosine
phosphates with pe by irradiation in & thermal neutron flux.

The grest advantage of neutron activation anelysis 1e the minimmm
of chemical manipulation involved and the increased sensitivity that is

obtainable,
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PROPOSITION IV

Perreira et al. (1) cbserved that Hg*a ion in the presence of
excess protonated purine or pyrimidine derivetives (EP ") undergoee the
following reaction

Bg*? + o™ — agpe"'an + 2H

&

In view of the nobility experiments alresdy carried out for dif-
ferent HP'"'s in excess mercuric ion (2) it would be of interest to cee
how the mobilities of the ngé+2n complexes vary as a function of the
different purine end pyrimidine derivatives that are available. There-
fore it is proposed that the mobilities of the above complexes (BgP2+2n)
be measured using radiocactive Hg203 isotope for detection of the concentre-
iicn profile of the material of interest.

The optical methods used for the detection of concentration pro-
files cannot be used in this case because the purine and pyrimidine

derivatives which have to be present in excess have lerge absorbances.

++

However if one were to use Hg+2 jons having radiosctive Hggo}

present
as a tracer then the electrophoresis boundary can be detected by careful
removal of small aliquots of the soluticn in the cell followed either by
B or y counting (208 kev B ; 279 kev 7). Good sccuracy should be obtain-
sble if the distance of travel is long enough. Large enough counting rates
are easily obtained and the half-life is long enough (45.8 days) so that
corrections are not necessary for the decresse in decay rate during elec-
trophoresis.

The determination of the amount of HgPé+2n present as a functimm

of position should be easier by the proposed means than by the use of an
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o3+

enelytical method. If the concentration of Hg="-  1is high enough the

boundary may be roughly detected during electrophoresis.
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PROPOSITION V

So far it has not been possible to present any convinclig evi-
dence as to the site of binding of a Hg+2 ion in e purine-like adenosine

vhere N-1, N-3, N-7 and even N-6 are all poseible binding sites.

H B
\\N’/

N/G \
R = H for adenine

H R = sugar for adenosine

It is proposed that in the cese of adencosine and for other purines
and pyrimidine derivatives where the solubiliity of the Hg*a complex is high
enocugh nuclear magnetic resonance (nmr) measurements should be used as e
possible way of obtaining additional information or even solving this prob-
lem. Also for easier interpretation of the nmr spectra labeling with 013
is suggested.

Measurements of proton nmr have been carried out for a mumber of
different purines and pyrimidines in Da0 (1) and in deuterated dimethyl
sulfoxide (2).

The remainder of the discussion will deal essentielly with adenine
and adenosine es representative systems.

In D0 the N-6 and N-9 protons of adenine and adenosine exchange
too rapidly to be observable. The chemical shifts for the C-2 and C-8
protons are similar because the environment is similer. The chemical
shifts obtained by the Jardetzky's (1) ere listed in perts per million

with respect to the methyl protons of toluene.
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solvent H-2 H-8
adenine + 1.k ~1.62 -1.43
edenosine + 158 ~1.5% -1.78

The assignment of the shifts to the protons in the 2 and & posi-~
tions are not really definite since they were maode according ©o the as-
sunption that the addition of sugar in the J~position would affect H-8
more than H-2,

Also since in going from neutral adenosine at pH 12.5 to the

protonated species at pH 1.82 the chemical shift is larger for E-2

pHE 1.82 12.5
HS -2.09 -1.75
HE -2.01 -1.57
solvent +1.57 +1.54

protonation next to this position isg indlcated. It is probably the ocae
position end not the three since protonstion takes place in the former
in solid adenine hydrochloride (3,4).

In deuterated dimethylsulfoxide the N-6 and N-9 proton resonances
are also cbserved., In the case of Hg+2 complexes however this solvent is
probably not practical beceuse of low solubility and side reectious. At
the same time the reactions teking place in en sprotic esolvent might not
be the same ones that take place in H20 or DEO;

First of 211 in order to confimm the eassignment of the peaks in
D,0 by the Jerdetzly's C'° with I = § should be incorporated in the imidazole
ring (i.e., position 8). H-8 would then esppear as a doublet while H-2 would

s8t11l be a singlet. Synthesis of the labeled compound is practicel.
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lijow the additlor of E!g+2 ion Just llke protonation should lead
to cbegervable chemical shifts. Larger shift for the doublet would in-
dicate reaction on the imldezole ring while in the reverse cese the Hgfe
should be on the pyrimldine part of the molecule.

Determination of the exact position mey be possible by comparing
the shlfts oblained with a number of structurally different purines. The

limitation in this epproach is probebly solubility. It might be difficult

to get concentrated enough solutione to detect a signal.
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PROPOSITIGN VI

It hes been reported recently (1) theot crystals of cuprous
chloride (CuCg) undergo striking changes in color upon heating. AL
room temperature the crystels are colorless, They change to deep
blue at ~ 190°C cnd o blue-bleeck zs the temperature is lncreased
further. The color chenges sre reversible since cooling leads to the
originnl colorless CuC8.

It is proposed that the change in sbsorption iz due to an
electron transfer process., A3 the tempercture is reised some of the
C“a+ atoms moy logse an electron to the neighboring Cu+ atoms thus
creating positive (0:.:.++) and negative (Cuo) sites in the crystal.

It seems probahle that the electrons would be lost preferventially
from the Cu' atoms ead not the C& etoms though the latter posui-
bility should be kept in mind. Then by clectron transfer between
Cu+—CuM and Cuo-Cu+ the positive and negetive sltes may migrate In
the crystal, These processes would sccount for the observed high sb-
sorption in the visible region.

It should be anoted that highly sbsorbing electron trensfer
complexes of the type (c2™-cu-c2 -cu™-c27)° nave been shown to
exist in aqueous solution (2). Therefore 1t is conceivsble that
similer processes would take place In the Culé crystals.,

Three types of experimenis are suggested Lo test the proposal:

a) BElectron spin resonance.
cu’ end C8” have 21l their electrons paived. Oa the other hand Cu' '

0 . .
end Cu” both have en unpeired electron. Thus it should be possible
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to see the characteristlc Cu++ (a®) e.s.r. gignel and another signel
due to Cu’ (). If the frequency of electron trensfer is not too high
one may elso be able to observe the hyperfine splittings (quartets) re-
sulting Tfrom the interaction of the electrons with the nucleer gpins
(I = 3/2). This splitting may be quite substantial for CuD since the
otd electron spends én apprecisble tine uesar the nucleus (sl).

b) Electrical conductivity
I? 28 one increases the temperature electron transfer does take place
then the presence and migration of the positive and negative sites
ghould increese the electrical conduetivity of the crystal. Thiz ef-
fect then mey be measured,

c) Doping of the CuCé crystals.
One should look a2t the color changes vhen one dopes a CuCl crystal
with Cu++ and heats the result. One should aleo see whether elementel
chlorine is given off upon melting i.e. 4o see vhether C4 1s possibly
involved in the electron transfer,

All of the ebove experiments should help to resclve the problen

of the striking color changes shown by CuCf crysials,.
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