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INTRODUCTION

For the biochemist it has been useful to consider certain

metabolic processes as enzyme-substrate conbinations. Although

one cannot say with certainty that these combinations do embody

a mechanism for certain body processes, we can gain a better

concept of these processes if we picture them as an actual bind-

ing of a small particle with a macromolecular protein. There

have been many studies made recently on the binding of organic

ions by proteins. The aim of these studies has been to gain new

insight into the nature of the complexes formed (9>l6) and to

relate also these binding with body processes which occur.

The binding of sulfonamides by proteins is an example of

such studies. Davis has shown that the distribution of

sulfonamides in various body fluids is strongly dependent on

the extent of their binding by proteins. It has been pointed

out also in connection with cheraotherapeutic properties that the

bactericidal activity of these compounds parallels their ab-

sorbability by plasma. Furthermore, it has been shown by Davis

that the binding properties of plasma can be attributed to its

albximin fraction. Therefore, if we are to get some idea of the

binding ability of plasma and its relation to disease, v.-e must

study the binding with the albumin fraction of plasma, Klotz

and Walker (11 ) have studied the binding of several sulfonamides

by bovine serxam albumin for the purpose of correlating the

structure of the sulfonamide and binding by the protein.



It was the purpose of this research to determine if there

was a relationship between carcinooonic activity and binding of

the carcinogenic dye by the protein. It is known that certain

azo dyes, such as butter yellow, will cause cancer of the liver

when fed to rats (I3,lij.), It appears that whereas one substance

can Interact with plasma to bring about a reaction which would

be beneficial to the organism, another substance might bring

about a change which Is detrimental. The three dyes originally

selected for this study were p-arainoazobenzene, p-methylamlno-

azobenzene and p-dimethylaminoazobenzene (butter yellow). Of

these dyes the two mentioned last are known to have considerable

carcinogenic activity

The binding of these dyes was determined by the dialysis

equilibrium method (10,12). It was suspected, early in the

problem, that troubles would be encountered since all three of

the dyes are only slightly soluble in water. Therefore, to

determine the effect of Increasing bulk at the amino nitrogen,

it appeared desirable to use the sulfonic acid derivatives of

these dyes. Although binding of the sulfonic acid derivatives

might not hold for the binding of the original dyes, some

coherent conclusion might be reached by the study.
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EXPExHIIffiNTAL

Preparation of Dyos

p-'Amlnoazobenzene (6). Ten grams of aniline and 36 ml of

concentrated hydrochloric acid were added to 100 ml of water.

The mixture was cooled to 0°C, and a cold solution of 7 •h Q °^

sodium nitrite was added. To this mixture 10 g of aniline

in 50 ml of water with just enough hydrochloric acid to bring

It into solution were added. Then $0 g of sodium acetate was

added in a small amount of water. The intermediate, diazoamino-

benzene, separated out as a bright yellow solid. After thirty

minutes tho precipitate was filtered. Yield, 13.3 g (60 percent^

The intermediate was rearranged by dissolving the above yield

In 30 g of aniline and adding 6 g of aniline hydrochloride.

This mixture was heated at ^oi* one-half hours.

Water was added, then dilute acetic acid until only a solid mass

remained in the bottom of the flask* This was filtered and

concentrated hydrochloric acid was added until most of the mass

went into solution in the form of the hydrochloride. The

filtrate was then treated with concentrated ammonia water and

the dye precipitated. The dye was recrystallized twice from an

ethyl alcohol-water mixture, then twice from a benzene -petroleum

ether mixture. Finally the dye was again recrystallized from an

ethyl alcohol-water mixture. Yield, l\. g (19 percent over all).

Observed melting point, 122-123°C. Literature, 126°C (l)»

p-Dlmethylaminoazobenzene (butter yellow). This dye was

obtained from Eastman Kodak Company (Technical grade). The dye



was recrystalllzed from an ethyl alcohol-water mixture until a

constant melting point was obtained. Observed melting point,

115-115 .5°C. Literature, 117(ll5°C) (l).

U * -Aminoaz Obenzone sulfonic acid-if ("amino orange"). This

compound was obtained from the Eastman Kodak Company in the

form of the sodium salt (Technical grade). To determine the

purity of this product the free sulfonic acid was formed by

heating the sodium salt with an excess of concentrated hydro-

chloric acid for several hours. The dye was then filtered,

washed several times and then dried. The neutral equivalent was

determined potentiometrically and the following result was

obtainedj

Calculated Observed
Neutral equivalent 277 277

Ij-'-Methylamlnoazobenzone sulfonic acid-ii. ("mono Methyl

orange") (2), The dlazotized sulfanilic acid was prepared by

the method described by Pieser (5). Twenty-two g of sulfanilic

acid was taken into solution by heating on a steam bath with 125

ml of water and 6.75 g of sodiiira carbonate. The solution was

cooled and 7,1| g of finely ground sodium nitrite was added.

This solution was then poured into a beaker containing 30 g

of ice and 5.5 ml of concentrated sulfuric acid. The solid

dlazotized sulfanilic acid separated out and. was filtered, Th©

solid was then added in small amounts to a solution of 6.8 ml

of conc;entrated hydi'ochloric acid in 30 ml of water. The

temperature was kept below 20®C and the purple dye precipitated

out in the forjn of the sulfonic acid. The dye was filtered and
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converted to the yellow aodlum salt by means of concentrated

sodium hydroxide. Again the dye was filtered and placed In a

Sohxlet extractor. It was refluxed overnight with benzene to

remove any impurities. The benzene was removed and replaced

with water. After refluxing overnight the sodiiim salt separated

out in the bottom of the solvent flask and was filtered. Yield,

8.65 g (21.7 percent). Then excess concentrated hydrochloric

acid added to convert the sodium salt back into the free sul-

fonic acid. The acid was filtered and washed with water to get

rid of the residual hydrochloric acid. The neutral equivalent

was determined potentiometrically and the following results

were obtained:

Calculated Observed
Neutral equivalent 291 298

26I4.

In view of the accuracy of measurement of the base, the results

obtained do not seem too out of line.

Azobenzene sulfonic acid-j4. . This dye was prepared by

Dr, R, K. Burkhard from a procedure given in "Biochemical

Preparations", I, l5» Following the sulfonation of azobenzene

the product was Isolated in the form of the trihydrate. The

neutral equivalen was taken and found to be 3l6, Calculated

value-316.

i4.IDimethylamlnoazobenzene sulfonic acid-li (methyl orange).

The methyl orange that was used was reagent grade.

It-IDlbutylamlnoazobenzene sulfonic acid-lj. ("butyl orange").

This dye was prepared by Dr. R, K, Burkhard by the coupling of



dlbutyl aniline and dlazotized sulfanilic acid. The compound

decomposed at 20l4.°C. Literature, 198°C (l5).

Preparation of Buffers

The two buffers that were used were made up to have pH

values of 6,8 and 7»35> respectively. The former was prepared

by weighing out 1,9 E of disodlum hydrogen phosphate and 6,0 g

of potassiiim dihydrogen phosphate and diluting to one liter.

The latter was prepared by wei|v. ing out 22,8 g of disodlum

hydrogen phosphate and 6,8 g of potassium dihydrojen phosphate

and diluting to one liter. Both of the salts that were used

were anhydrous.

Determination of Dry Weight of Protein

A small sample of the protein was weighed out in a pre-

viously weighed crucible. The protein was dried in an oven at

110°C for three hours and then cooled and weighed. The loss in

weight represents the water and allows calculation of the

percentage of protein. Two lots of protein were used. Lot A

contained 95.66 percent protein and lot B contained 93,81; per-

cent protein.



7

Determination of Absorption Spectra

The determination of the spectra of the dye and its protein

complex was made as follows. For a normal spectrum, the buffer

was placed in one cell for a blank, and the solution of dye in

buffer in the other cell. For the dye complexes, 0,050 g samples

of bovine serum albumin were first placed in two test tubes.

Then 2$ ml of biiffer were added to one tube and 25 ml of dye

solution was added to the other. These solutions were shaken

to get a homogenous solution. The buffer-protein solution was

used as a blank for the dye-protein solution. The spectrum

obtained was that of the dye-protein complex.

All spectral work was done on the Beckman Model DU quartz

spectrophotometer using the 1 cm Corex cells in the visible

region or the 1 cm quartz cells in the ultraviolet. The instru-

ment was kept constant at maximum sensitivity and the slit width

was varied to cause the needle to return to the null point. By

this method the minimum slit width was used at all wave lenghts.

Since the Beer-Lambert law holds, optical densities can be

converted into molecular extinction coefficients or concentra-

tions via the following equation

Optical Density a log Iq/I f cl

where k is the molecular extinction coefficient, c is the

concentration in moles/liter, Iq is the intensity of the

incident light, I is the Intensity of the transmitted light

and 1 is the length of the light path expressed in centimeters.
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Binding Technique

The dialysis-equilibrium technique was used for quantita-

tive determinations of the amount of dye bound. A 0.2 percent

solution was placed in a cellulose bag and immersed in the dye

to be bound. The tubo containing the dye and the bag were

shaken from l8 to 2l\. hours In a constant temperature bath (either

at 0°C or 25°C), The bag was removed and the concentration of

the dye outside the bag was determined spectrophotometrically.

The concentration of the dye was determined from a previously

determined extinction coefficient or a calibration curve. The

amount of dye outside the bag permits calculation of the amount

of dye bound by the protein.

The following is an example of a binding run. The

cellulose bags to be used were soaked in water for at least

three hours, rinsed with the buffer and then allowed to stand

in the buffer. Glass threads, which are used to suspend the

bags in the tubes, were cut 8-10" long by means of a flame. A

flame was used so there would be no loose ends in the outside

solution.

The protein solution was prepared by weighing out 0.050 g

of bovine serum albumin and 25 ml of buffer was added and mixed

thoroughly. Since the protein is surface active, bubbles may

be formed during mixing but may be destroyed by using a pipet

probe coated with a thin layer of v/ax. The dye solutions were

prepared by proper dilution of a stock solution.



Twenty ml of buffer or dye was then measured into a large

pyrex teat tube. A casing was then romoved from the buffer and

stripped between two finrers tc eliminate the maximum amount of

buffer. A Imot was tied on one end and pulled tight. Another

knot was tied below this one to malce sure that no solution escapes

from the bag. Then five ml of protein solution were placed in

tho bag by means of a volumetric plpet. The protein solution was

then compressed into as small a volume as possible and the tube

sealed with two knots. The excess casing at each ond of the bag

was cut off about 0,05" from the knot. The glass thread is tied

between the knots and the bag was suspended in the test tube.

For each bag prepared with protein smother one was prepared

with buffer only. Both bags were placed in tubes containing the

same concentration of dye. The bag with the buffer only serves

as a control for the a.r.ount of dye bound by the casing. Two

more bags were set up to eliminate a snail error due to the bag

Itself, However, these two bags were immersed in buffer and

not a solution of the dye.

The test tubes were then placed in the Burrell shaker in

the constant temperature bath and shaken for IQ-2I4. hours

(usually overnight), Tlie bags were removed and the concentration

of the dye was determined by means of the spectrophotometer.

The tube which had the buffer on the outside and the protein bag

served as a blank for all those tubes which had a protein bag.

Likewise the tube which had the buffer on the outside and the

buffer bag served as blank for all those tubes containing

buffer. The densities were taken at the absorption maximum for
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the particular dye used. The densities were converted to

concentrations by the extinction coefficient oi> a calibration

curve. This is expressed in moles/liter and since the actual

nvunber of moles is desired, the concentration is multiplied by

the factor of 0,02^. Tlie amount of dye bound was then found

by subtracting the concentration of the dye in the protein bag

tube from the concentration of the dye in the buffer bag tube.

The quantity r (the moles of dye bound per nole by protein)

was then found by dividing the amount of dye bound by the amount

of protein present in five ml of 0,2 percent protein solution

(lil.it X 10-6).

Although this method has many advantages it has also several

disadvantages. It is possible that small tears are made in the

bag when it is tied. Another error results because all the

Y/ater cannot be stripped out of the casing. Both of these

errors undoubtedly contribute to the occasion where a point is

sometimes very far off the curve.

Analysis for Dyos not Obeying Beer's Law

Several of the dyes which were used in the form of the free

amine did not obey Beer's law. However, it is known that dyes

do obey Beer's law when they are in an acid solution. Hence the

following procedure was used to analyze for p-aminet*zobenzena

and p-dimethylaminoazobenzene

,

The extinction coefficient of the dye in known concentration

was deteiTClned as follows. The dye was weighed into a 100 ml



11

flask, 25 ml of buffer, then 20 na of concentrated hydrochloric

acid wore added. The solution was then diluted to 100 ml with

9^ percent ethyl alcohol. If this was too concentrated to go

on the spectrophotometer, an aliquot of tho solution was taken

and dilutod to a known volume with a mixture of eleven parts 9$

percent ethyl alcohol, four parts concentrated hydrochloric acid

and fjve parts buffer. The reading was then taken with a blank

of the above mixture. The extinction coefficient was computed

from these data.

After the binding run the bag was removed and $ ml of the

dye in buffer s olut ion was plpeted Into another test tube, Tnen

15 ml of a mixture of four parts conc^-^ ted hydrochloric acid

and eleven parts of 95 percent ethyl aiooiiol was added. The

mixture was shaicen thoroughly and the reading was taken on the

spectrophotometer, Tho conceutrfttl on of the dye was calculated

from tho extinction coefficient and the optical density of the

dye of unknown concontraticn. The concentration of the dyo must

be miltlplled by a factor of four since 15 ml of the acid-

alcohol mixture was added to 5 ml of the dye solution,

RESULTS AIJD DISCUSSION

Trouble was encountered with the solubility of p-aninoazo-

benzene and p-diraethylaminoazobenzene . The former was sufficiently

soluble that a respectable binding curve could bo obtained using

the dlalysis-equillbriun method. This curve is shown in Fi^. 1,
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However, the latter dye gave only a respectable yellow

color when it was heftted on a steam bath. When a binding

experiment was run on this dye, such a large amount was bound

by the bag that only a few scattered points could be obtained.

Indeed the concentration of this dye was so low that there was

no great differsnce between the optical density readings of the

control and the sample. The only conclusions that can be drawn

about the protein binding of p-aminoazobenzone and p-dimethyl-

aminoazobenzeno will be made from spectral changes to be discussed

later.

Figure 2 shov/s the binding curves of the sulfonated dyes

which were used in these experiments. It will be noted that

azobenzene sulfonic acid is bound more strongly than any of the

oranges with tho exception of butyl orange. Undoubtedly the

azobenzene sulfonic acid is bound through the sulfonic acid

group. Tile binding of the oranges is also probably through the

sulfonic acid group, but apparently the amino nitrogen interferes

in some way to cause the binding to be less than that of the

imsubstituted sulfonic acid.

There is uncertainty in the type of bond the amino residue

will form with proteins, Klctz, Burkhard and Urquhart (8) have

shown that the spectra of methyl orange with hixman serum end

with bovine serum albumin are vastly different. They have

shown also that by modifying tho protein the sharp spectral

change of human serum albumin is due to bonding involving the

amino nitrogen of the dye and the phenolic hydroxyl group of

the protein. Since the binding spectrum of methyl orange with
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bovine serum albiimin does not show this typo of change such

binding is probably not talcing place here.

If this is true then some other explanation must be given

for the binding of the nitrogen substituted derivatives of

i^i-aminoazobenzene sulfonic acid-l| ("amino orange"). It was

thought first that the lowering of the binding of these dyes

might be due to dipolar ' formatlcn. Teresi and Luck (l6)

have shown that the introduction of a polar fi,ronp into a

molecule lowered considerably the binding of that molecule by

the protein. Solubility studies were made on "amino orange",

"mono methyl orange" and methyl orange to determine if the

increase in tho bulk at the amino group had any effect on the

formation of the dipolar ion. The solubilities of these dyes

were found to be respectively li.75 x 10-^, ^.06 x 10-U and

2.51 X 10-^ molesAiter, Since the general trend in the

solubilities does not parallel thair binding no definite con-
^

elusions can bo reached regarding the effect of the dipolar ion.

Another factor which might cause the bindinf^ to increase

from "amino orange" to methyl orange might be the actual increase

in bulk around the amino group. This increase in bulk would in-

crease the attraction between the substituents themselves and

the attractive groups of the protein. This view would tend to

support the theory that the binding of the dye by the protein

is through a non-polar side chain. This would be binding of the

van der Waals type and not tno hydrogen bonding as exhibited in

the binding of methyl orange by human serum albumin.



16

This second explanation is supported by the fact that

butyl orange is bound more strongly than azobenzene sulfonic

acid. This is shown by Fie 2. This explanation seems reason-

able since Teresi and Luck {l6), in their work with aromatic

carboxylic acids, fo'ond thst the larger the chain, the more

strongly the molecule wu^ ...and by tho protein, Tne van der

Waals type of binding is convincingly supported by the data

obtained by Burkiiard (3) with butyl Ox-ange at G°C and at 25°C,

The curves are shown in Fig. 3. Those curves show that the

binding of butyl orange at 2$^C is much greater than the binding

at 0°C whereas the binding of azobenzane sulfonic acid at 0°C

and 25°C are very nearly tha same. The several types of binding

which may take place between the substituted amine ' ip and the

protein, are electrostatic binding, the binding dua uo van der

Waals forces and hydrogen bonding. Of those three one would

suspect that the electrostatic binding would be the least

affected by the uncoiling of the protein with increase

temperature since the negative and positive charges have electric

fields. Figure 3 shows the binding of azobenzene sulfonic acid

does not change much v;ith temperature whereas the binding of

butyl orange is very much dependent upon temperature.

Kiotz (7) has put f-orth another aspect of the binding of

larger ions. He stated that the ability of the ion to release

water molecules from the ion-protsin complex is more important

than j.ncreaaed van dsr V/aals interactions. If tho equation for

complex formation can be written as P +"! FI, a negative

entropy effect would be expected. However, just the opposite
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effect is observed in the complex formation, Klotz points out

that both the ion and the protein have molecules of water

attached to them. Therefore, there is a binlltig of the ion to

the protein there is a release of water, an increase in the

number of species and, hence, a positive entropy. In support

of this observation Lundgren {I9h$) found that when an alkyl

sulfonate anion is bound by egg albumin there is an increase in

the volume of the solution.

The binding curve for p-aminoazobenzene and the few points

obtained from p-dimethylaminoazobenzene are shown in Fig. 1.

The spectral changes for the two dyes with bovine serum albumin

are shovm in Fig. I4.. Prom this spectral data the change in

extinction coefficient for the two dyes at equal concentrations

are about the same. However, since a concentration of 3»9 x 10-^

moles/liter la about a saturated solution of butter yellow,

nothing more could be gained from spectral studies. It is

possible that the binding of p-dimethylarainoazobenzene is greater

than that of p-aminoazobenzene and that the binding is limited

only by its insolubility in the solvent used. This possibility

would Justify our use of the sulfonic acid derivatives in the

studies of the bindings of these dyes.



19



SUMMARY

The binding of several substituted p-aminoazobenzene

derivatives and their sulfonic acid derivativer by bovine serum

albumin has been studied. The niethod used to n!>ke quantitative

checks on the binding was the equilibrium dialysis method.

With the sulfonic acid derivatives there was a definite increase

In binding when the nolecular weight on the amino nitrogen ;va9

increased. Although no definite conclusions can be made

regarding the type of binding that is occurring at the ar.ir.o

nitrogen, temperature studies indicate the binding Is not due

to hydrogen bonding es exhibited by methyl orange and human

serum albuihin, but rather to binding of the van der Waals type

where the point of attachment on the protein in a non-polar

group.

p-Aminoezobenzene is bound rather strongly by the albumin,

but no decent curve could be obtained for the p-dimethylamino-

azobenzene. It is probably that the low binding of the latter

dye is due to its insolubility in water.
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Tube;
•

•
•

Co ^.
K/L X 10«

1 3.6
IP 2.83

2 i;8
2p 1.29

3 1,03
3p 0.515

lip 1.28

Blading p"dlmethylarnlrioazobenzene>'BSA pll 7.35 2'^^C
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.log A
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i;8
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Binding "amino Oranp-.e "-BSA pH 7.35 25^C

Tube: Cone.: uonc. ^: Cone, g: Am't Bound: Protein^:
t M/L X 10-^: M X 10- : M x 10-° : K x 10-°

t

1
Ip

2

2p

3

3P

1
Ip

2

2p

3
3p

1
Ip

2

2p

9.30
8.68

U.i+1
1^.13

1.61
1.565

o
56

2»9k
2.515

1.185
1.138

3.22
3.06

1.71
1.66

23.25
21.7

11.25
10.32

14-.02

3.91

ih'.o

7.35
6.29

2.96
2.8U

8.05
7.7

k.27
1|.15

1.55

0.93

0.11

2.6

1.06

0,12

0.35

0.12

log A

13.6 o.iiU -5.066

13.6 0.068 -5.331].

13.6 0.008 -5.806

13.6 0.191 -5.332

13.6 0.077 -5.6

13.6 0.009 '$.9hh

13.6 0.026 -5.512

13.6 0.009 -5.78



Binding "mono-methyl orange" -BSA pH 7.35 25°C

•

Tubel
•

Cone

.

M/L X 10-

:

. Cone,

. M X 10-^

•

|Am»t Bo
jK i.lO-

•
•

und jProtein-
S jK X 10-°

: log A

1

IP 35.55
10,77
8.89 1.88 13.6 0,138 -5.1^5

2

2p
23.1
20.9

5.77
5.22 0.55 13.6 O.OI4. -5.68

3
3p

7.11
5.33

1.78
1.33 o.i|5 13.6 0.033 -6.273

1
Ip

13.1
10.1 3.0 13.6 0.22 -5.39ij.

2

2p
27.1
22.25

6.77
5.56 1.21 13.6 0.069 -5.653

3
3P

21.89
11.12

3.22
2.78 oM 13 .6 0.033

1
I'D

35;9
y •

89.7
72.9 16.8 13.6 1.23 -14-.536

2

2p
25.1
19.99

62.7
50.0 12.7 13.6 0.92 -1.7

3
3p

12.85
10,18

32.12
25.I4.5 6.67 13.6 0.14.9 -i+.99



Blndlnp; methyl oranp;e-BSA pH 7*35 25°C

Tub©. Cone. •Gone.

1
Ip

2

2P

3
3p

I
1
ip

2

2p

3
3p

t
1
Ip

2

2p

3
3p

16.6
12. 6

Am't Bound. Proteirip
M X 10-^ .M X 10-°

log A

12
9

8.38
6,18

3.15

1|.15

3.15

3.39
2,hi

2.55
1.95

1.67
1.12

3.23
2.63

1.67
1.21;

0.838
0.398

1^1.5
31.5

31 .U
23.3

20.9
15

10.68
7.88

10.38
7.88

8.14.8

6.18

6.37
1^.87

1|.17
2.3

8.07
6.58

1|.17
3.10

2.09
1.1+9

10.0

3.1

5.5

2.8

2.5

2.3

1.5

1.37

1.1+9

1.07

0.60

13.8

13.8

13.8

13 .8

13.8

13. 8

13.8

13.8

13. 8

13. 8

13.8

0.725

0.586

0.399

0.203

0.13

0.167

0.11

0.099

0.108

0.0776

0.0)4+

-1^.9

•5.03

-5.209

-5.502

-5.502

•5.607

-5.71

-5.95

•5.58

-5.906

-6.221+



Binding azobenzene sulfonic acld-BSA pE 7.35 25°C

Tube I Cone, ,!Conc, „
:M/l X 10-^:1*1 X 10-^

Am't Bound
M X 10-^

J Protein^
X 10-°

: log A

1
Ip

2

2p

3
3p

t

5p

6
6p

7
7p

8

8p

1
Ip

2

2p

3
3p

ftp

1
ip

2

2p

3
3p

30.6
22.35

22.75
15.98

15.70
94 91

15.58
9i97

11.56
7*57

7.67
i;.72

12*16
7;85

6.67
3.66

1^407
2*36

2*655
2 4185

1.9)+7
1.00

1*533
Oiii|.8

3.83
1.89

2.01
1.06

1.95
0*767

76.5
55.87

56.87

39r95

3,9*25
2I4..77

3,8*95
214.492

2649
19*17

19*17
11.8

30.1i.

19.6

16.67
9.15

10.17
5.9

6*6ii.

5.U0

i;.87

2*5

3.83
1*62

9.57
4*72

5*03
2.65

1^*87
1*92

20.63

16.92

l4*i)-8

ii;.03

9.73

7*37

10.6

7*52

lj.*27

1.18

2.37

2.21

i|*85

2*38

2.95

13.8 i.i|9

13.8 1.22

13.8

13.8

13*8

13.8

13.8

13.8

13.8

13*8

13.8

13*8

13.8

13.8

1.05

13.8 l.OI

0.705

0.53

0.703

o.5li5

0.31

0.085

0.172

0.16

0.351

0.172

0.214

-i|.65i

14-. 796

5.00ij.

-5.002

.115

5.326

•5.105

5.1^37

-5.627

•5.66

-6.0

6.188

•5.7214.

•5.975

-6.115



Binding azobenzene sulfonic acld-BSA pK 7.35 25°C (concluded)

Tube* Cone.
* * <

2onc. ,:Conc. „: Am't Boiind: Protein
fvi/L X lO-O.K X 10-"j M X lO-o

J M x 10-^
• log A

1

IP

2

2p

3
3p

15;63
11.02

11.98
7.26

7.78
1+.31

39.08
27.55

29.95
18,15

I9.I1.5

10.77

11.53 13.6 0.837 -I1.968

11.80 13.6 0.855 -5.139

8.68 13.6 0.628 -5.366



Binding "butyl oran,^e"-BSA pH 7.35 2j^QC

Tube* Gone. .

' M/L X 10-^ M X 10-8-J.I X 10-8 M X 10-^
• log A

1
Ip

8.23
0.802

20.57
2.01

18.56 llwU 1.29 -6.096

2

2p

I4..I6

0.326
10
0.62 9.58 lk.k 0.665 -6.i|87

3

3P

1.72
0.ll|.8

ii.3

0.37 3.93 lU.b- 0.273 -6.83

1
Ip

16.95
2.67

I|.2.37

6.67 35.70 ^.k 2.6I1. -5 .571+

2

2p

10.3
1.395

25.70
3.!;9

22.21 Ih.k 1.614- -5.856

3
3P

•1|.16

0.356
10.

ii-

0.89 9.51 lll.U 0,705 -6.6l|.9

t
2.)49

0.178
6.22
o.l|5

5.77 0.14-28 -6.75



Binding a^-r.hnrr/.Fjno sulfonic acld-BSA p?I 6.8__qgC

Tube* Cone. ,lConc. ^ jAraH Bour^d. Protein^

1
Ip

2

2p

3
3p

t

5p

6
6p

7
7p

8

8p

9
9p

19.38

29.3^
19.93

13.58
7.08

13.32
6.35

.68
01

7.79
3.6

8.2
i^-.Ol

I1..72

1.39

2.12
0.767

71.12
k9.7

1^9.82

33:95
17.7

33.3
17.1

10.25

19.14-7

9.0

20.5
10.25

11.8
1.72

5.3
1.92

21.1^2

23.55

16.25

16.2

13.95

10 J4.7

10 . 25

7.08

3.38

13.6

13.6

13.6

13.6

13.6

13.6

13.6

13.6

13.6

1.57

1.71

1.18

1.17

1.01

-)4..702

-)4-.7

-5.05

-5.165

-5.397

0.758 -5.W4-

0.7i].3 -5.397

0.512 -5.72I4.

o.2i^5 -6.115



Tube
: : : •

: Cone. Cone. Diff.: Ain't Bound: Proteirio
. M/L X 10-^1 U/L X 10-5 : j- x lO-*^ : K x 10-°

log A

1 0.19
Ip 0.11

2 0.19
2p 0.11

3 0.33
3p 0.19

0.58

h 0.29

$ 0.73
5p 0.)|7

6
6p 0.95

7 2.01

7p l.k5

8 1.91
8p 1.27

9 1.7C

9P 1.21

0.08

0.08

0.29

0.26

0.56

0.6i|.

0.14.9

2.14.

2.14-

5.7

8.7

7.8

li;.7

16.8

19.2

1I4-.7

3?. 9 0.0729 '^.9$9

3'5.9 0.0729 -^.9^9

32.9 0.173 -5.721

32.9 0.26); -5.538

28.5 0.27)4. -5.328

28.5 0.516 -5.022

28.5 0.590 -i'.839

28.5 0.675 -I1-.896

27 .Ij. 0.536 -I+.917
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Coinbinationa betwoen small organic or inorganic Ions and

raacromolocular proteins are fundamental stops in many of the

basic processes in living organisms. Not only do these basic

physiological processes rely on theso Interactions but also the

action of most drugs involves the combination, these organic

ions with proteins.

The albumin fraction is known to possess a very strong

binding ability as compared to the other fractions of serum

protoin. Therefor© if one is to c.qI some idea of the effect of

the combination of an organic ion with a protein, ho must check

the binding of the ion with the albumin fraction of the protoin.

It was the point of this research to see if some relationship

could be drawn between the carcinogenic activity of certain

azo dyes and their binding by bovine serum albumin. The throe

dyes that were originally planned to be studied were p-amino-

azobenrene, p-methylamlnoazobonzene and p-dlmethylamlnoazobonzene.

Of these three the latter two are known to produce cancer of the
,

liver when fed to rats.

The method used to make quantitative binding studies on the

dyes was the equilibrium dialysis method. The binding of the dye

by the buffer bag and the low water solubility of the three dyes

in question made it desirable to resort to the sulfonit acids of

the three dyos to doteirnlne the effect of increasing bulk at the

amino nitrogen,

7«lth the sulfonated dyes there was noted definitely an

increase in binding of tho dye by the protein as the size of the

substituent on the amino nitrogen was increased. The binding of


