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A STUDY OF THE BINDING BETWEEN SULFADIAZINE
AND SERUM PROTEINS

The results of & large number of experiments conducted in this
laboratory have shown that serum proteins removed by acid precipit-
ation of sulfadiazine from a solution of sodium sulfadiagine and
bovine Brucella anti=-zerum have bactericidal properties against
Brucella organisms in the presence of complement and traces of sodium
sulfadiazine. In vitro experiments have shown that the drug in
dilutions of 1110% to 1:10%° in liquid oulture medium retard growth
for only a 2|, hour periods In view of the differences in the growth
inhibiting of the drug alone and in the presence of antlbody and
complement, it became of interest in this laboratory to investigats
the binding between the drug and the various protein components of
serum, An investigation of this nature mey serve to throw light
upon probsbla "reactions™ between sulfa compounds and blood serum
constituents when these drugs are used as therapeutic agents in human
and animal bacterial diseases,

Studies of this problem strongly indicate that sulfadiazine
binds mainly with the globulin fraction of serum in an alkaline range
and that the binding is through the free amino groups of ths proteins,
Practically no binding occurs with the free carboxyl groups of the
protein. Evidence has also been obtained that reaction of sulfadia=-
zine with serum in an acid range results in binding of the drug to
the albumin fraction.

Davis (6, 7, 8) had demonstrated that sulfathimzole binds with
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the elbumin fraction of (NH¢)e SOg separated human serum and that
there is practically no binding to the globulir freoction at pH 7.L.
The conditions under which his experiments were conducted differ
from the conditions used in this laboratory. Davis used (NHg)z SOq

separated serum, whereas the results obteined in this laboratory

were from whole serum.
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EXPERIMENTS AND RESULTS

A. Bacterlicidal activity.

The addition of dilute phosphoric acid to a olear solution of
sodlum sulfadiazine dissolved in bovine serum results in the pre-
cipitation of a white, paste~like substance. Examination under a
mieroscope shows that the precipitate is of a orystalline structurs,
but this structure differs from the crystalline structure of pure
sulfadiazine freshly precipitated from en aqueous solution of sodium
sulfadiazine with dilute phosphoric acid. Investigation of this
paste~like precipitate revealed that serum proteins are removed from
the solution with the precipitated sulfadiazine,

Protein thus removed from a Brucella anti-serum has very high
bactericidal activity against Brucella organisms in the presence of
fresh normal rabbit serum to'serve as complement and traces of
sodium sulfadiazine (9). This enti-serum protein fraction is prepared
in the following fashion: 1,0 gram of sodium sulfadiazine is dis=-
solved in 5,0 ml. of Brucslla anti-gserum. A clear solution results
with a pH of ebout 9.2, Dilute phosphoric acid (,15N) is added
dropwise while the solution is stirred with a mechanioal stirrer.
Precipitation occurs immediately with the first few drops of the acid.
Addition of the acid is continued until the pH of the solution is
lowered to pH 7.0. The solution is filtered and the precipitate
washed with 5 to 6 portions of .86% saline, The precipitate is
dispersed in a small emount of seline and .1N sodium hydroxide is
-added dropwise to the well stirred slurry. The precipitate grad-
ually dissolves and et pH 10.0 a clear, pale yellow solution usually

results, The solution is dialyzed against physiologieal saline at

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



L°C. to remove the sodium sulfadiazine.

A representative sample which was used for s bacteriolidal test
was prepared as glven in the procedure above. The dialysate was
filtered through a D8 Hormann sterilizing pad in a Seitz filter,

The concentration of the sodium sulfadiazine, as determined by the
Bratton and Marshall (3) method, was found to be 8.0 mg/ml. The
protein nitrogen content (semi-micro Kjeldahl) was .33 mg/ml. Two
series of two-fold dilutions were made of the sterile solution in

5 ml. amounts of fortified tryptose medium in test tubes. The
fortified tryptose medium ocontains tryptose, glucose, thiamine hydro-
chloride and sodium chloride. The concentration in each dilution is
indicated in Teble I, To each dilution of one series, 0.2 ml. of
fresh, normal rabbit serum was added as complement in order to meas-
ure the activity of the protein nitrogen. Each dilution in both

series was then inoculated with 10° Bruoella abortus cells, The

tubes were shaken and incubated st 37° C. for 72 hours,

It will be noted from the results that the solution containing
only sodium sulfadiazine and the anti-serum protein fraction had
only a temporary inhibiting effect on the growth of the organisms.
The meximum inhibiting dilution was no higher than that of sodium
sulfadiazine alone. The addition of complemsnt to the dilutions of
the anti-serum protein fraction and sulfadiaszine coreated a bacteri-
oidal complex which caused the death of the orgenisms in all the
dilutions except the last, As will be demonstrated later, the major
portlion of this anti-serum protein fraction contains a high per-

centage of y-globulin, and, therefore, contains Brucella antibodies,
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Table I

Bactericidal action of Na-sulfadiazine and protesin removed from Brmeella anti-ssrum,

Complemsnt Concentration of agents in tubes, x 1073 mjj‘%ééfﬁﬁ Bacteria
added control
to each NaSD 80 Lo 20 10 5 2.5 | 1.25 | 0.62
tube (a) 5 ml. of
Protein Nitrogen | 3.3 1.6 | 0.8 [0y [0.2] 0.1 | 0,05 | 0,025 medium
Incubation
period Degree of zrowth, turbidity
hours
/
2, ) ) ) ) ) ) ) 1+ o4 ()
0.2 ml.
72 - - - |- -] -1 - 24 6+
2l - - - - - 1+ o+ 2+ 24
None
72 L+ L+ L+ L+ L+ L+ 6+ 6+ 6+

"uoissiwiad noyum payqiyosd uononpoudas Joyung “Jaumo ybuAdoo ayj Jo uoissiwiad yum paonpoiday

105 Br. abortus added to each dilution and controls.
(a) Fresh, norml rabbit serum.
(b) 0.2 ml, of fresh, normal rabbit serum added to coatrol tube.

- = no visible growth. <+ = degree of growth.




B. Isolation and identification of serum proteins.

1, Precipitation between pH 9.2 and 7.9.

Because of the bactericidal effect of the mixture of the protein
fraction, sodium sulfadiazine and complement, it became of interest
to determine the nature of the proteins removed with the precipita=
tion of the sulfadiazlne, as discussed abovse,

Preliminary work on the problem was to investigate the quantity
of protein removed with varylng portions of sodium sulfadiazine
dissolved in 5,0 ml. of the serum. A serles of samples was set up
using 0.2 gms., 0.5 gms., 0.8 gms., 1.25 gme., 1l.75 gms., and 2.25
gms. each of which was dissolved in 5,0 ml. of serum. Dilute (.15N)
phosphoriec acid was added dropwise to the agitated solutions. The
pH of each solution was gradually lowered from the initial pH of
9.2 to pH 7.0. The samples were filtered through 2-#1 Whatman filter
papers placed in a Buohner Funnel. The precipitates were rinsed
several times with .86% saline to ramove the soluble substances.
They werse then removed from the filter papers, dispersed in saline
and re-filtered and rinsed. The precipitates were placed in the
original beakers and dissolved while agiteted with .1 N sodium
hydroxide to pH 10.0. The resulting solutions were clear or slighte
ly opalescent and pale yellow. This work was done as quantitatively
as possible., The alkaline solutions were placed in cellophane tubing
and dialyzed at L°C. ageinst .86% saline for several days with daily
saline changes to completely remove the sodium suvlfadiazine. The
sodium sulfadiazine was removed so that the protein nitrogen value
determined by semi-micro Kjeldehl method was direot and not by

difference since sodium sulfadiazine contains 20.4% nitrogen. After
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dialysis the volume of eaoch solution weas measured, a semi~mioro
Kjeldahl determination made, end the presence of sodium sulfadiazine
checked by the Bratton and Marshall procedure. The total nitrogen
value was ocaloulated on the basis of the total wvolume of the
solution and then multiplied by 6.25 to convert to grams of protein.
The protein removed for each weight of sodium sulfediazine used is
recorded in Tables II, IIL and IV, Three different bovine sera were
used; #991 (8.5% protein) contained Brucella agglutinins in a titer
of 1210,000, #Uh1 (7.5% protein) came from an immunized cow of a
low agglutinin titer, and #1i)5 (6.9% protein) was from a non-
infected cow, More protein was removed from #991 veoause of the
higher y=globulin content present in this serum. The reason for
this conclusion will becoms more apparent later. Figs, 1, 2, and 3
1llustrate grephically the results given in the tables mentioned
above, The curves in eaoch case show a steep slope up to about 0.8
gram sodium sulfadiazine. In faoct, this portion of the curve is
almost a straight line.

With each drop of dilute phosphorie acid that is sdded to a
solution of sodium sulfadiazine and serum, sulfadlazine precipitates
and also removes protein from the serum¢ The pH of the soluticm
gradually decreases, Three samples of 1.0 gram sodium sulfadiazine
and 5.0 ml, of #991 serum were set up to determine the amount of
protein removed by sulfadiazine with the addition of dilute phos-
phoric acid when the final pH of each solution was 8.5, 8,0, and
Te5 respectively. The procedure was essentially as given above.

The data in Teble V illustrate thet the quantity of protein nltrogen

removed varies with the final pH of the soluticn. The ratio of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table II

Protein removed from a Brucella anti-serum (No. 991
bovine) during precipitation of sulfadiazine.

Sample No. 1 2 3 L 5 6

Ml., serum 8.5 5.0 5.0

.0 .0 o0 .0
per cent protein 2 2 2 2

Gm. NaSD 0.20 | 0,50} 0.80| 1l.25 | 1l.75| 2.25

Gm. protein removed | 0.048 0.110] 0.163 0,209 0.2y 0.252
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Table III

Protein removed from a bovine serum (Wo. 1441,
immunized) during precipitation of sulfadiazine,

Sample Wo. 1 2 3 L 5 6

Ml. serum 7.5 5.0 5.0 5.0 5.0 5.0 5.0
per cent protsin

Gm. NaSD 0.20 | 0.50 | 0.80] 1l.25| 1.75}| 2.25

' Gm. provein removed! 0.043 0.097] 0.143 0.171 0.180 0.197
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Teble IV

Protein removsed from a normael bovine serum
(No. 14L3) during precipitation of sulfadiazine.

Sample No. 1 2 3

¥l. serum

® . ;a.
6.9 per cent protein 90 240 20
Gm. NaSD 1.25 1.75 2725
Gm. protein removed 0.174 0.191 0.201
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Fig. 1. Serum protein removed from solutions of 5.0 ml. No.
991 serum with varying quantities of sodium sulfadiazine.
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0.25

Grams Serum Frotein

| | | 1

J D 1.0 1.5 2.2 2.5
Grams Sodium Sulfadiazine

Flg. 3. Serum protein removed from solutions of 5.0 ml. No.
1443 serum with varying quantities of sodium sulfadiazine.
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mg. protein N removed

i it tant, On . -
mge Na SD ppte'd 8 quite constan e mg, of sodium sulfa

diagine precipitated removes on the average 033 mg. of protein
nitrogen. The results are illustrated graphically in Fig. L. The
graph of serum protein nitrogen removed plotted against pH forms a
smooth ourve and shows clearly thet the serum protein nitrogen re-
moved is a funoction of the final pH,

Identification of the components of the total proteln removed
by the addition of acid to o solution sulfadiazine and serum was
determined electrophoretically with the aid of the Tiselius (19)
apparatus as modified by Longsworth and lMacinnes {(i3). 1In order %o
obtain suffiecient serum protein for esch determination, 50,0 ml.
samples of serum were used, To separate 50.0 ml. samples of #991
sorum was added 5.0, 8.9, 12.5, and 22,5 grams of sodium sulfadiazine.
Each sample was treated with dilute (.15N) phosphoric mecid to pH
7.0, filtered, and ths precipitate rinsed with .86% saline. The
filtrates were saved, The precipitates were dissolved with .1N
sodium hydroxide to pH 10,0. The resulting solutions were dialyzed
at 1;°C. against 10 liters of .86% saline for 9 days with daily
saline changes to remove the sodium sulfadiazine, To increase the
protein percentage of the solutions to slightly above 2.0% for
eleotrophoresis studies, the aoiutions were concentrated by rapid
evaporation in cellophane tubing under an over-head fan at 37°C.
After evaporation, sodium sulfadiazine and nitrogen determinations
wero made. The semples which hed been treated with 12,5 and 22,5
mgs. of sodium sulfadiazine were diluted to 2.0% with barbital buffer
of pH 8.6 and .1 ionic strength and equilibrated by dialysis ageinet

this buffer. The other two samples which had been treated with 5.0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



«l2=

Table V

Protoin removed from No. 991 serum during the precipitetion of
sulfadiazine between the pH fizures as indicated in the table.

Samplse No. 1 2 3
Ml. serum 540 5.0 50
Gm. NaSD 1.0 1.0 1,0
Initial pH 9.2 Qe 9.2
Tinal oH 8.5 860 75
NaSD content, mg. 5787 730.4 777.0
Protein ¥, mg. 18.0 23.5 27.0
m%:opnge;zsg 031 032 035
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Flz. 4. Serum protein nitrogen removed from solutions of 5.0

ml. No. 991 serum and 1.0 gm. sodium sulfadiazine by tue pre-

cipitation of sulfadlazine from the 1aitial pH 9.2 to &.5, 8.0
and 7.5 respectively.
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and 8,0 grams sodium sulfadiazine respectively were discarded after
the total protein nitrogen removed had been determined.

Sodium sulfadiazine was determined from the filtrate solutions
and was found to vary from 0.20 to 0.2l grams in each of the four
filtrates, This means that the precipitation of the sulfadiaszine
from its sodium salt is practically 100% at pH 7.0. The filtrates
for electrophoretic studies were prepared and treated in the same
way as the precipitate solutions. Electrophoretic scanning patterns
(13) were made on all of the filtrates.,

In Teble VI are recorded the grams of protein removed in the
precipitate and the grams of protein that remained in the filtrate,
The recovery of total proteins as compared to proteins originelly
present in the 50.0 ml. of serum varied from 90,6 to 94.5%. Prob-
able losses occurred in the precipitate, washings of the precipitate,
losses in the dialysing tubing, ete. The shape of the curves in
Fig. © shows that protein is removed proportionately to the quantity
of sodium sulfadiazine used,

The electrophoretic patterns furnish a visual picture of protein
components that ere removed during the precipitation of the sulfa=-
diazine from its sodium salt with acid, and the protein components
that remein behind in the filtrate. By comparing patterns of the
filtrate with thet of the original untreated serum it is obvious
that the precipitation of the sulfadiazine removes protein mainly
from the globulin region, especially the y=glcbulin., This is more
evident in the patterns of the proteins removed with the precipitate,
Figs. 6, 7, and 8 demonstrate grephically the results recorded in

Tables VI and VIII-XIV, which were calculated from the descending
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Table VI

Protein removed from & Brucella anti-zerunm
(No. 991 bovine) during precipitation of sulfadiamzine.

Sample No. 1 2 3 L
Ml. serum 50.0 50.0 50.0 50.0
Gm. protein in serum L2l L2l L2k L2
Gm. NaSD 5.0 8.0 12.5 22.5
Gm. protein removed 0.99 1 55 1.75 2.0
with ppte. . ) o :
Gm. protein in filtrate 2.99 2.52 2.13 1.43
Per cent recovery al.5 91.0 91.6 90.6
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Fig. 5. Serum protein removed and serum protein in the filtrate

from solutions of 50.0 ml., No., 991 serum and varying quantities
of sodium sulfadiazine.
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elootrophoretic patterns. The curves in Fig. 6, drawn from the

data obtained from the filtrates, represent the manner in which the
protein components of the serum remein in the filtrate with inoreas-
ing amounts of sodium sulfadiazine. The ye=globulin curve has the
steepest slope, thus demonstrating that the sulfadiazine precipitate
removes y =globulin in preference to the other protein components in
the serum. Thea and B-globulin curves show that these components
are also removed, but not nearly as rapid as the yeglobulin. The
albumin curve has a peculiar shape. The curve starts with a rather
stesp slope, then tends to straighten out somewhat, and finally,
beyond 8.0 grams of sodlum sulfadliazine has a slope about as steep
as the y=globulin ocurve. Figs, ll; and 15 also show that the albumin
content in the precipitete increases as the sodium sulfadlazine is
inocreased from 12,5 grams to 22.5 grams. This can also be seen from
the albumin curve in Fig. 8, in which the grams of albumin in the
precipitate ﬁas plotted against grams of sodium sulfadiazine. The

a, B and y=globulin components present in precipitate were added to-~
gether and plotted as shown in Fig, 8. In comparison, the globulins,
mainly the Y-globulin, are removed from the serum to a much greater
extent than the albumin fraction. The electrophoretic pattern,

Fig. 9, illustrates the original No. 991 serum before treatment
with sodium sulfadiazine. The eleotrophoretic patterns of the
filtrates, Figs. 10, 11, 12, and 13 show a progressive decrease in
the globulin region.

A similer set of results were obtained from the use of #1143
serum. The curves in Fig. 16 end 17 have the seme general trend as

those of #991 serum. It is of interest to note that the intersection
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Table VII

Protein removed from a normal bovine serum

(No. 1)43) during precipitation of sulfadiazine.

Sample No. 1 2 3 L

Ml. serum 50.0 50.0 50.0 50.0
Gm. protein in serum 3.3 333 343 3.3
Gm. NaSD 5.0 | 8.0 | 12,5 | 22.5
Gm. vl‘;;'_g;";;tz‘fm“d 0.97 | 1.2 | 1.50 | 1.95
Gm. protein in filtrate 2.37 2.06 1.77 1.2,
Per cent recovery 9742 5. 95.M 9%.0
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Data obtained from calculation of descending

-17~

Table VIII

electrophoretic pattern, Fig. 9. No. 991 untreated serum.

Serum protein A a B Y
Per cent from pattern 37.2 1.0 9,9 38.9
Gm. provein/50 ml. serum 1.58 0.59 0.42 1.65
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Table IX

Data obtained from caleulation of descending
electrophoretic pattern of filtrate, Fig. 10.

Serum protein A o g N
Per cent from pattern 5.5 8.5 9.8 %26.2
Gm. protein 1.36 0.26 0.29 1.08
Per cent based on 32,1 6.0 6.9 25.5
50.0 ml. serum

Filtrate from 50 ml. No. 991 serum treated with 5.0 gm. NaSD.
Protein in filtrate = 2.99 gm, or 70.6 per cent protein remsained
' in filtrate.
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Table X

Data obtained from calculatioun ol descending
electrophoretic pattern of filtrate, Fig. 11,

Serum protein A a B N
Por cent from pattern 62.2 7 9.5 30.9
Gm. protein 1,32 0.19 0.2 0.78
Per c¢ent based on & Y
50.0 ml. serun 31.1 Loy 5.6 8.l

Filtrate from 50 ml. No. 991 serum treated with 8.0 gm,
NaSD, Protein in filtrate = 2.52 gm. or 59.5 per cent
protein remained in filtrate.
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Table XI

Data obtained from calculation of descending

electrophorstie pattern of filtrate, Fiz. 12.

Serum protein A a B ¥
Per cent from pattern 57.5 76l 8.5 26.9
Gm, protein 1,22 0.15 0.18 0.57
Per cent based on 28.0 .5 . 1%.
50.0 ml, serum g 3¢5 he3 542

Filtrate from 50 ml. No. 991 serum treated with 12.5 gm. NaSD,
Protein in filtrate = 2.13% gm, or 50.3 per cent protein remained

in filtrate.
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Table XIT

Data obtained from calculation of descending
elsctrophoretic pattern of filtrate, Fig., 13,

Serum protein A a g ¥
Por cent from pattern 63,1 6.9 9.8 20.2
Gm. protein 0.90 0.190 0.1i 0.29
Per cent based on 21.% 2.3 3.% 6.8
50.0 ml. serum

Filtrate from 50 ml. No. 991 serum treated with 22.5 gn,
NaSD. Protein in filtrate = 1.3 gm. or 33.3 per cent
proteln remained in filtrats.
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Table XIII

Data obtained from calculation of descending
elactrophoretic pattern of precipitate, Fig. 1l4.

Serum protein A a,p, and ¢
Per cent from pattern 10.0 90.0
Gm. protein 0.17 1,58
Per cent based on ‘

ol .2
50 ml. serum b o1

Procipitate from 50 ml., No. 991 serum treated with 12.5 gm.
NaSD. Protein in precipitate = 1.75 gm. or L41.3 per cent
of the protein in the serum was removed.
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Tabls XIV

Duba obluined frowm calculation of descending
electrophoretic pattern of precipitate, Fig. 15.

Serum protein A a, B, and «
Per cent from pattern 1645 83.5

Om. protein 0.0 2,00
Per cent based on

50 ml. serum 9L h7.3

Precipitate from 50 ml. No. 991 serun treated with 22,5 gm.
NeSD., Protein in precipitate = 2. gm. or 56.7 per cent of
the protein in the serum was removed.
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Fig. 6. Serum proteln components in the filtrates from solutions

of 50.0 ml. No. 991 serum and varyins quantit.les of sodium sulfa-

diazine.
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Fig. 10. Composition of filtrete from a solution
of 50 ml. No. 99)1 serum and 5.0 gm. sodium
sulfadiazine after precipitation of sulfediazine,
Electrophoresis for 9,000 seconds at 5.77 volts

per om. Protein consc. 2 per oent.
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Fig. 11. Composition of filtrate from a

solution of 50 ml, No. 991 serum and 8.0

gm, sodium sulfadiazine after precipitation

of sulfadiazine., Electrophoresis for 9,000

seconds at 5.9, volts per em. Protein conc.
2 per cent,
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Fig. 12. Composition of filtrate from a
solution of 50 ml. No. 991 serum and 12.5
gMm. sodium sulfadiazine affer precipitetion
of sulfediazine. Electrophoresis for 9,000
seconcds at 5.83 volts per em. Protein conec.
2 per cent,

T
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Fig. 13. Composition of filtrate from a
solution of 50 ml. No. 991 serum and 22.5 gm.
sodium sulfadiazine after precipitation of

sulfadiazine., Electrophoresis for 9,000

seconds at 5.88 volts per em. Protein
conc. 2 per cent.

=
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Fig. 1. Composition of protein fraction
from a solution of 50 ml., No. 991 serum
and 12.5 gm. sodium sulfediazine removed
by precipitation of sulfeadiazine.
Electrophoresis for 9,000 seconds at 5,80
volts per om. Protein cone. Z per cent,

>l QA €
Fig. 15. Conpesition of protein fraction
fram e solution of 50 ml. No. 291 serum
and 22,5 gm. sodium sulfadiazine removed
by precipitation of sulfadiazine. Elect-
rophoresis for 9,000 seconds at 6.0l volts
per cr. Protein conc. 2 per cent.

——
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of the ourves in Fig. 5 and Fig. 16 ocours at ebout 15 grams sodium
sulfadiazine, This point represents the number of grems of sodium

sulfadiazine needed to divide the grems of protein recovered equelly
between the preoipitate and the filtrate. Figs. 18, 19, 20, and 21
illustrate the removal of protein from the globulin region with in-

oreasing quantities of sodium sulfadiazine.

2. Crystel formation at pH 9.2.

If a solution of sodium sulfadlazine and serum is allowed to
stend at L°C., or at room temperature or at 37°C., crystalline
material formse A reaction tekes place between the sulfadiazine
anion and the serum proteins. The crystelline meaterial forms more
rapidly at 37°C. than at lower tempersatures since the rate of resc-
tion is faster at the higher temperature. After preliminary inves-
tigations, it was found that the crystals consisted of sulfadiezine
and serum proteins., The nature of the proteins wes determined.

In order to isolate sufiicient serum protein by precipitation
for an eleotrophoretic study, & large test sample was prepared. To
300 ml. of #991 perum was added sixty grams of sodium sulfadiazine.
After |, to 5 hours storage at };°C., erystals begen to form. Tha
orystals were filtered after 12 deys and stored in saline solution.
The filtrate was mgain pleced at L°C. for further reacﬁion to ocour,
More crystals occurred after 2, hours, The orystals were filtered
after a few weoks reaction period. The orystalline material was
combined and rinsed free of soluble materiesls with ,86% saline. No
further crystalization ocourred in the serum filtrate, even after

the eddition of 5 grams of sodium sulfadiazine.
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Table XV

Data obtained from calculation of descending electrophoretic
pattern, Fig.18. No. 14i3 untreated serum.

Serum protein A a f and &
Per cent from pattern LL.0 1.8 1.2
Gm. protein/SO ml. serum 1.51 0.51 1.2
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Table XVI
Data cbtained from caleculation of descending
electrophoretic pattern, Fig. 19.

Serum protein A a g v
Per cent from pattern 57.0; 7.5 |11.8 23.5
Gm. preotein 1.34 0.18 0.728 0.5h
Per cent based on 3.5 5.2 8.2 16.2
50 ml. serum

Filtrate from 50 ml. No. 1443 serum treated with 5.0 gm.
NaSD. Protein in filtrate = 2.37 gm., or 68.9 per cent
protein remained in filtrate.
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Table XVII

Data obtained from calculation of descending
elzctrophoretic pattern of filtrate, Fig. 20.

Serum protein A a B8 ¥
Per cent from pattern 67 . 5.6 11.2 15.8
Gm. protein 1.19 0.10 0.20 0.28
Per cent based

8 2. B 8.2
on 50 ml. serum 3L 5 2

Filtrate from 50 ml, No. ;3 serum treated with 12.5 gms.
NaSD, Protein in filtrate = 1,77 gm., or 51.6 per cent
protein remained in filtrate.
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Table XVIIT

Dota chiained from calsulation of descending

electrophoretic pattern of filtrate, Fig, 21
Serum protein A a B y
Per cent from pattern 72.4 5.0 11.% 11.3
Gm. protein 0.90 0.06 0.1 0.1
Per cent based 26.1 1.8 }4--1 14--1
on 50 ml, serum

Filtrate from 50 ml. No. 1413 serum treated with 22.5 gm.
= 1.2 gm., or 36,1 per cent
protein remained in filtrate.

WaSD. Protein in filtrate

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




filtrate

Grams Serum Protein

precipitate

0.5

l | l |

0 5.0 10.0 15.0 20.0 25.0
Grams Sodium Sulfadiazine

Fig. 16. Serum protein removed and serum protein in the
filtrate from scolutions of 50.0 ml. “o. 1443 serum end
varying quantities of sodium sulfadiazine.
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Fig. 17. Serum protein componsnts in tne riltrates from
solutions of 50.Q ml. No. 1443 serum and varyinz quantlties
of sodium sulfadiazine.
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Fig. 18. Bovine serum No. 1L3.
Electrophoresis for 9,000 seconds at 5.57
volts per om. Protein conc. 2 per cent.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



i

— 35d o<

Fig, 19. Composition of filtrate from a

solution of 50 ml. No. 1443 serum and 5.0

gm. gsodium sulfadiazine after precipitation

of sulfadiazine. Eleotrophoresis for 9,000

seconds at 5,27 volts per om. Protein conec.
2 per cent,
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Fig. 20, Composition of filtrate from m

solvtion of 50 ml, No. 143 serum and 12.5

gm. sodium suvlfadiezine after precipitation

of sulfadiazine, Electrorhoresis for 9,000

seconds at 5.8, volts per cm. Protein conc.
2 per cent.
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Fig. 21, Composition of filtrate from a

solution of 50 ml. No. 14}3 serum and 22.5

gm. sodium sulfadiezine after precipitaticn

of sulfadiazine. Electrophoresis for 9,000

seconds at 5.82 volts per cm. Protein conec,
2 per cent,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



}
|

Fig. 22, Composition of protein fraction

from a solution of 300 ml. No. 991 and 60

gm. sodium sulfadiazine removed by orystal-

lization of sulfadiazine-protein complex at

LL°C. Electrophoresis for 9,000 seconds at

5,96 volts per om. Protein conc. 0.90 per
cent,
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The orystals, which went into solution with difficulty, were

dissolved with .1N NeOH up to pH 10.0. The resulting pale yoellow

solution was plsced in cellophane tubing end diamlyzed against ten
liters .86% saline for 6 days with dally saline changes to remove
the sodium sulfadiazine. The protein content of the solution was
0437 grams. The solution was concentrated to 0.50% protein and
equilibrated by dialysis against barbital buffer in preparation for
eleotropharetic enalysis, An electrophoretic scanning pattern,

Fig. 22, revealed that the proteins removed from the serum consisted
of 97.3% B-globulin and 2.7% y=globulin. This serum protein component
designated as B=globulin had a mobility between @~ and B-globulin,

It is possible that B=globulin has a greater mobility when other
proteins are not present. Under the conditions of this experiment,
the sulfadiazine anion had en affinity for B-globulin, The quantity
of B-globulin removed, was very small. The original 300 ml. of
serum contained 25.5 grams of protein. The emount of protein removed
from the serum was 0.%7 gram, or only 1.L,5% of the total protein,

Of the protein removed, 1.41% was B~globulin and 0.0L4% was Y-globulin.

3. Precipitation at pH L.0.

During the study of this problem, it was thought that the reec-
tion between sulfadiazine and serum proteins was influenced by the
oharge of the protein molecules. The isoelectric points (15) of

bovine serum proteins ares
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albumin L.5
a =globulin L.o8
8 =globulin 5.28
v =globulin 6,02

Since the preciplitation studies had been carried on between pH 9.2
to 7.0, which is above the isoelectric points of the serum proteins,
it wes considered of interest to determins whet the results would be
if the charges on the serum proteins were reversed. A sample was
precipitated at pH 4.0, which is below the iscelectric points of the
proteins,

To 50 ml. of #991 Brucella snti-serum was sdded .15N phosphorie
acid to lower the pH from 8,6 to L.0. Ten grems of sodium sulfa-
diezine was dissolved in 250 ml, of distilled water. To the well
agitated serum at pH lLj, 15N phosphoric acid and the sodium sulfa=-
diazine solution from separate bursties were added simmlteneously.
During the entire addition of the two reagents, the serum solutiom
was maintained at pH L4.O. At this pH, the sulfediazine precipitated
with the removael of sserum proteins. The solution was filtered
through two #1 Whatman filter papers. The precipitate was rinsed
with 25 ml. portions of 0.86% saline and these rinsings were allowed
to drain in the originel filtrate. The filtrate was saved. After
more complete rinsing of the precipitate, it was dispersed in 0.86%
saline and dissolved with 1N sodium hydroxide to pH 10.0. The
alkaline solution was dialyzed at L°C. against 0.86% saline to remove
the sodium sulfadiazine and finally concentreted to inorease the
protein percentage of the sclution. Nitrogen end sodium sulfediezine

were determined. A 2.0% protein solution was prepared for electro-
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phoretic study. The semple was equilibrated against barbital buffer
at pH 84,6 and .1 ionic strength.

The filtrate was made alkeline to pH 10.,0. The sodium sulfa=
diazine in the total filtrate was found to be 90 mg. The solution
was dialyzed, concentrated and prepesred for an electrophoretic
determination. The originel untreated serum semple was also analyzed
electrophoreticelly.

A comparison of the electrophoretic pattern of the proteins
removed from the serum, Fig. 244, with that of the proteins remaining
in the filtrate, Fig. 25, reveals that the major portion of the{ ,
y=globulins was not removed with the precipitete, It will be
recalled that precipitation of sulfadiazine in the presence of serum
between pH 9.2 to 7.0 removes the P, ¥ -globulins. It is noted with
reference to Tables XIX, XX, XXI, and the patterns of the filtrate
and precipitated proteins, Figs. 23, 2, and 25, that the total
a=globulin fraction increased, while the P, y=-globulins and elbumin
fractions decreased. The reason for this discrepancy is unknown, but
one may speculste that during the treatment at pH L.0, the mobilities
of & portion of the B, y-globulins and albumin epproached the mobil-
ities of the a=-globulins. The albumin fraction was found to be about
equally divided between the filtrate and the precipitate, whereas
the B, y=fraction in the filtrate was L5.5% and in the precipitate,
6.6%. Discussion of the charges on the protein and possible reac-
tion with the sulfediszine will be given after soms pertinent data

have been presented.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table XIX

Data obtained from calculation of descending electrophoretic
pattern, Fig. 23. No. 391 untreated serum.

Serum protein A a B and ¥
Per cent from pattern 26,0 17.8 56,2
Gm. protein/50 ml. serum 1.12 0.77 2,143
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Table XX

Data obtained from caleulation of descending
electrophoretic pattern of filtrate, Fig. 2L.

Serun protein A a B end v
Per cent from pattern 18.0 7.5 7h.5
Gm. protein 047 0.20 1.97
Por cent based on 11.0 .6 .
50.0 ml. serum L h5.5

Filtrate from 50 ml., No. 991 serum treated with 10.0 gm.
NeSD at pH L4.0. Protein in filtrate = 2.8 gm., or 61.1
per cent protein remained in filtrate.
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Table XXI

Dete obtained {rom caleulaticn o scendi
electrophoretic pattern of precipitate, Fig. 25.

Serum protein A a f =and v
Por cent from pattern 30.9 L9.8 19.3
Gm. protein 0.50 0.7 0.29
Per cent based on 10.6 17.1 6.6
50.2 ml. serum

Precipitate from 50 ml. No, 991 serum treated with 10.0 gm.
NaSD at pH L,0. Protein in precipitate = 1.49 gm., or 34.3
per cent of the protein in the serum was removed.
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Fig. 23. Bovine serum No. 991. Electrophor-
esis for 9,000 seconds at 6.33 volts per om.
Protein conc, 2 per cent.

= ~»>d 0L —
Fig. 2;. Composition of filtrate from a solution
of 50 ml. No. 291 serum and 10 gm. sodium sulfa-
diazine after precipitation of sulfadiazine at pH
L.0. Electrophoresis for 9,000 seconds at 5.93
volts per om. Protein conoc. 2 per cent,

F > d. A& 1

Fig, 25, Composition of protein fraction from

a eolution of 50 ml, No. 991 serum and 10 gm,

sodium sulfadiazine removed by precipitation of

sulfadiazine at pH L;.0. Electrophoresis for

9,000 seconds at 6.20 volts per cm. Protein
conc. 2 per cent,
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C. Solubility of Sulfadiazine.

During the course of this investigation, a method was developed
to measure the relative "solubility" or resction of sulfadiezine.
This reaction was tested in a number of solutions and these results
have strongly indicated a possible reaction between sulfadiazine
and proteins. Sulfadiazine wes found to be ™"soluble" in aqueous
solutions of compounds of various structures. On the basis of these
structures and the degree of Msolubility", conclusions have been
drewvn es to reaction between sulfadiazine and proteins,

One molar solution of the compounds was made up in a phosphate
buffer. The buffer (7) was made up as follows: .15 mol. sodium
chloride, «005 mol. dipotessium acid phosphete, and ,005 mol.

potassium dihydrogen phosphate are dissolved in distilled water
and made up to one liter. One fortieth of a gream molecular welght
of the compound was disgsolved in 10 ml. of the phosphate buffer.

The solution was adjusted to pH 7.7 with ,1N sodium hydroxide. The
golution was diluted to 25.0 ml. with phosphate buffer previously
adjusted to pH 7.7. The resultant pH of the solution wes 7.7. To
this solution, placed in a 50 ml. Erlenmeyer flask, was added a
slight excess of sulfadiszine powder. The solution was shaken on a
Burrel Shaker for four hours et a moderate sheking speed. A sheking
period of four hours was found to be optimum. After filtering the
excess sulfediazine on a number 50 Whatman filter paper, a sulfa-
diszine determination was made on the filtrate. The sulfadiagine
found in the filtrate wes & measure of the "solulibity"or reaction.
The Msolubility™ was caloulated in milligrams of sulfadiedine reacted

in 100 ml. of solution,
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Solubilities of sulfadiazine in the sera end the distilled
water given in Table XXII were determined by adjusting the pH as
specified in the Teble, adding the sulfadiszine and shaking for
four hours end filtering. Ths sulfadiazins was determined from the
filtratees

The solubility or reaction of sulfadiagine was greatest in
solutions at pH 7.7 of nebutyl amine, lysins, and arginine. Thse
solubility of sulfadiazine in the other amino acid solutions at
this pH was considerably lower. At pH 6.0, the iscelectric point
of glycine and y-globulinm, ths solubility of sulfadiezine in e
glycine solution and in #991 and #1443 sera fell off sharply.
Solubility in the two sers was also determined at pH 5.0, the iso-
electric point of a=~globulin, which is below the isoelectrie points

of f and y~globulins and ebove the isoelectric point of albumin.
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Table XXIX

Solubility of sulfadiazine in 1,0 molar solutions of various

substances. Solubility calculated in b aTY -
’ 100 ml. solution.

Substance |Solubility | Solubility | Solubility | Iscelectric

PH 7.7 pH 6.0 pH 5.0 Points

No. 991 serum 173 i3 10

No. 14J;1 serum 142 16 9

Distilled water 745

n-butyl amine 171

Lysine 210 9.74

Arzinine 230 10,76

Buffer L1 10 8

Urea Ll

Tyrosine L3 5.65

Histidine 62 7.59

Acetic acid 63

Threouine 67

Glutamic acid 79 34022

Glycine 80 8.5 597
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DISCUSSION

Anino acids are amphoterio compounds. Beceuse of the carboxyl
end emino group within the emino acid molecule, amino aecids can
exist in an aqueous solution as dipolar ioms (17). A proton shift

between the carboxyl and the amino group ceuses the following trans-

formation (16) in glycine, for example:

gt *
+ | Bt |
NHg~CHg=C00™ —H— NHy=CHg-C00™ ———— NHg-CHgy=COCH
CH™ CH™
Negative charge Zero charge Pogitive charge
Strongly Isoelectrio Strongly scid

alkaline

Glutemic acid, which contains three dissociating groups, may exiat

in severeal different forms, depending upon the pH of the solution:

coo~ coo” CO0H ?oaa
| |
(CHg)2 mH* (CHg)e (CHg)e gt (?He)z

— — | —

HC-NHp OH™ HC-NHg-H ' HC-NHp-H® OH™ H?-NH34H+
l | l
oo™ COCH co0~ COOH
Negetive charge Zero charge 2ero charge Poslitive charge

Strongly elkeline Isoelectric  Isoeleotrie  Strongly ecid

Lysine, which also contains three dissociating groups, may exist in

several different forms, depending upon the pH of the solution:
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+

NHq NHg-H NHg NHg-H'
I . | %
(CHg)e __E” (CHels , (CHa)e H' |, (CHg)a

| —— | — | s T +
HC -NHz OH H? “NHz HC -NHQ-H CH BC-NH Q-H

| _ | I

coc c00” €00~ COoQH

In Teble XXII are given the pH of the isoelectric points (L) of
these amino eclds. It will be noted that the isoelectrie points of
lysine and arginine are pH 9.7, end 10.76 respectively. Since the
"solubilities™ were conducted at pE 7.7, which is below the isoceleo=-
tric points of these two smino acids, then lysine and arginine each
had a net positive charge. Histidine with an isoelectric point of
T+59 wes either neutral or had a very slight net negative charge.

The other amino acids listed in Table XXII had net negative charges.
Solubility in a glycine solution was also conducted at the isoeleotrie
point, pH 6.0. The solubility of sulfadiazine at this pH wes slightly
lower in the glyocine solution than in the buffer. The glycine would
have a net charge of zero. The slightly lower solubility than in the
buffer mey be due to & salting out effect.

The chemicel structure of the compounds listed in Taeble XXII

are given belows

NH, ?Ha-cﬁ(ma)-coon HC = (I:-cﬁ,a-cﬂ(nnz)-coon
l |
c=0 ¢ HN N
I / \ \W;
NHg HC CH ¢
| — H
BHC CH
N/
¢
o114
Urea Tyrosine Histidine
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CHz=CH(OH )-CE(NHg )-COCH

Threonine

CHs (CHg)aNHg

n-Butyl amine

COCH
|

(CHz)e
|

HC-NHg
[
COCH

Glutanie Aeid

(?Hz)s

HC-NHg

) —
b]
!

Lysine

CH,~COOH
|
NHg

Glycine

HpNC = NH
|
NH

|
(CHz)a
|
HCHNHg
|
COQH

Arginine

Comparison of the structure of these compounds with the degree

of solubility of sulfadiezine in 1.0 M soclutions of these compounds

indicates that certain radicals may be responsible for the increase

in the solubility of sulfediazine.

amine have a profound effeot on the solubility.

Lysine, arginine and n-butyl

Each of these

compounds contains a group which confers a positively charged region

within the molecules in a slightly alkaline range.

At pH 7.7 lysine

end arginine have positively charged regions at the¢ -amino group,

and the guanidinium group respectively.

From the data presented it can be concluded thet the reection

between amino scids and sulfadiazine is due to the net positive

charge residing in the vicinity of the "free" amino groups. The

The active point of lysine is the¢ -amino group, and the active
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point of arginine may be the amino group in the guanidinium radical,
The ionization of sulfadiazine in an aqueous solution may be

represented by the followlng equation:

B H H H
c=—¢C o} N=—=CH C=¢ 0 N==CH
/ N o bhE | / N - +
HpN-C C—~S-N—¢C CH — HaN-C C—-S—-X—C CH + H
7 (- \ 7 | (-
c—¢C 0 N—CH cC—¢C 0 N— CH
H H H H

In this form i1t is entirely possible that the sulfadiazine anion
unites with the positively charged lysine and arginine through the
amino groups.

Bell end Roblin (1) present data to support the hypothesis that
the sulfadiazine anion exists in solution, as shown above, Kumler
et al, (10, 11, end 12) claim that the active form in solution, based

on the resonance theory, iss

H H j
C=¢ 0 N=CH
cied ool Bl
al= =9 —N—
\ /00
C=_C N— CH
H B

On this basis, it would mean that the positive amino group binds to

the negative oxygen.

|

:
£
1
¢
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Amino acids can be looked upon as small molecular weight
proteins as far as charge affects are concerned (18), Reactions of
protelns are, in effect, reactions of ths sids groupings of the
protein. Proteins are made up of amino acids linked to one another
through the alpha carboxyl group and the alpha amino group (5). A

hypothetlcal polypeptide with the side groups is given below:

H H o0 H H O H H 0 H H 0

R A O A B O B B
—§N—C—C—N—-C—-C—N—C—C—N—C—C—

| | | i

CHg CHg CHOH CHg

| | l |

CHg CHg CHy CHg

| I |

CHa c=0 CHg

l I |

NHg oK NH
|
C=NH
l
NHg

Lysine Glutamioc acid Threonine Arginine

Because of the presence of "free" amino active points in protein
molecules, there is a strong indication that the binding of the
sulfadiazine anion 4o the protein occurs through these amino groups.

The € -amino groups from lysine residues, and the guanidinium
groups from arginine residues are oonsidered as carriers of positive

charges at reactions acid to pH 8. The imidiazole groups of histidine,

T
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end any a-amino groups present in the molecule, carry positive charges
when acid to pH 6, and are uncharged when alkeline to pH 8,5 or 9 (2).
| Thus, under the conditions which the various experimeuts wers conducte-
ad, reaotion between proteins and the sulfadiazine anion ccourred
mainly through the ¢ =amino groups from lysine and the guanidinium
| groups from argiaine.
When serum proteins are surrounded by an alkaline medium,
albumin has a greater negative charge than y-globulin. The iscelasc-
triec points of albumin and y-globulin are 4.L5 and 6.02 respectively,

n

a4 s NN N - e R ~
and thus, the pH of the alkmlinse msdium is Iu

iscelactric point of the albumin than it is from the isoelsotric

point of the y=-zlobulin., a - and B=globulin isoeleotric points are
[;+98 and 5.28 respectively, and, therefore, have intermediats nega=
tivity in reference to albumin and y=-globulin. Conversely, of the
serum proteins in en alkaline medium, y-globulin has the greatest
positive charge, followed by (Beglobulin, a=-globulin and finally
albumin (1;), The net charge of the serum proteins is negative, but

poaitive charges do reside in the molecules, such as in the lysine

and arginine residues.

The electrophoretic patterns of the precipitation of sulfadia-

i zine in the presence of serum between pH 9.2 and 7.2 show that
[? sulfadiazine preferentially binds with y=-globulin, The graphs of

; the serum protein components of the filtrates, Fig. 5 and Fig, 17,
' {1lustrate thaty=globulin is readily removed during the precipita-
tion of the sulfadiazine. g=-, B-globulins and albumin are also

) removed, but not nearly as much asy -globulin. The sulfadiazine

anion combines with the positively charged portlons of the serum

P
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proteins. Since y-globulin has the greatest positive charge, it
binds with sulfadiazine more readily. With a =, B-globulins and
aldbumin serum components, which have a smaller degree of positive
charges, there is less binding with the sulfadiazine anion.

In the experiments performed by Davis, human serum was sepa=
rated into fractions with varylng quantities of (NH.). SO,. 4&n
electrophoretic analysis was determined for each fraction. Thess
fractions were dialyzed against a phosphate buffer solution whioch
contained sulfathiszole. After complete equilibration the drug
concentration was found to be greater in the cellophane bag con=
taining the protein solution. He found that the drug concentration
parslleled the albumin concentration. These experiments were carried
out at pH 7.4. From this he concluded that sulfathiazole was bound
to the albumin. He also found that there wes practically no binding
to y=globulin,

It was found in this laboratory thet when whole serum is frac-
tionated and the fractions dispersed in a suitable buffer, they do
not seem to react the same as when they are present in the whole
serum, For example, albumin in serum is surrounded by 0=, f-, and
y=-globulins. There are protein interactions between albumin and the
globulins. The positive charges of albumin combine with the negative
charges of the globulins, and vice versa. The globulins also inter-
act among themselves. Thus fractionated serum does not include
these protein interactions and results obbained with fraetions do not
give the true plcture.

With preoipitetion at pH L.0, the electrophoretic patterns
{1lustrate thet - and y -globulin remained in the filtrate and

albumin and a=-globulin were removed with the precipitate. It was
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also demonstrated that a serum proteln component, which has an eleo-
trophoretic mobility between 8 -, and g=globulins end was designated
as B =globulin, was removed from a mixture of serum and sodium sulfa-
dlazine at pH 9.2. On the basis of the sharges carried by the
various serum proteins, these facts are difficult to Interpret.
hpparently the charges on the proteins are not the only factors that

are involved in the binding of the proteins to sulfadiszine anions.
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SUMMARY

Serum proteins isolated by acid precipitation of sulfadiazine
between pH 9.2 and 7.0 in the presence of Brucella anti-serum were

found to be bacterisclidal against Brucella abortus in the presence

of fresh normal rabbit serum to serve as complement and traces of
sodium sulfediazine,

The above serum proteins were identified by electrophoretic
analysis and found to consist of globulins, mainly ¥-globulin, A
small smount of albumin was also present, The sulfadiazine anion
combined with the positively charged positions with the serum
protein molscule. In the precipitation of sulfadiazine in the

| presence of serum at pH 4.0, an electrophoretic study revealed that

the B-, and y=-globulinsg remained in the filtrate, arnd the albumin
and a-globulins were removed with the preoipitate.

The orystals formed in a solution of serum and sodium sulfa~
diazine at pH 9.2 and placed at L°C., contained serum protein, which
was found to be almost pure B-globulin as determined by eleotro-
phoretic analysis,.

At pH 7.7 sulfadiazine reacted with 1 molar solutions of lysine,
arginine, nebutyl emine but did not react appreciably with acetio
acid, glutemic scid, urea, tyrosine, histidine, threonine, and

glycine. The sulfadiszine was found to react with posltively

charged areas in the amino acids, such as the¢ -amino group of

lysine end the guanidinium group of arginine.

O e N pu——

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




ACKNOWLEDGMENT

The author wishes to express his appreciation to
Dr. I, Forest Huddleson for the opportunity to have been
guided by him 1ln this work; to Dr. R. E, Sanders for the
instructions in the operation of the Tiseleus apparatus;
and to the National Institute of Health for the Fellowship

eppointment.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2.

3

Se

T

8.

LITERATURE CITED

Bell, R. H, and Roblin, R, 0., Jr. Studies in chemotherapy.
VII. A theory of the relation of struscture to activity
of sulfanilamide type eompounds, J. Am. Chem. Soc.,

L, 2905-2917 (1942).

Brand, E., Kassell, B, and Saidel, L. J. Chemioal, clinical,
and immunological studies on the products of human
plasma fractionation. III. Amino acld composition of
plasme proteinse J. Clin. Investigation, 23, L37-Lbi
(29L4).

Bratton, A. C. and Marshall, E. K., Jr. A new coupling
component for sulfanilemide determination. J. Biol.
Chem., 128, 537 (1939).

Cohn, E., J., and Edsall, J. T. Proteins, amino acids, end
peptides as ions and dipolar ions. Reinhold Publishing
Corporation, New York, (1943) p. 85.

Cohn, E. J. and Edsell, J. T. Proteins, amino acids, end
peptides as ions and dipolar ions. Reinhold Publishing
Corporation, New York, (1943).

Davis, B. D. Binding of sulfonamides by plasma. Soience, 95,
78 (1942).

Devis, B. D. The binding of sulfonamide drugs by plasma
proteins. J. Clin. Investigation, 22, 75%-762 {1943)

Davis, B. D. Binding of protein molecules. Am. Soientist, _3_214,
611-618 (19h6).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




9. Huddleson, I. Fe The potentiating action of suldadiazine
on the Brucella antibody complement system. In press.

10. Kumler, W. D. and Daniels, T, C. The relation between
chemical structure and bacteriostatic activity of
sulfanilamide type compounds. J. Am. Chem. Scc., 65,
2190-2196 (1943).

11, Kumler, W. D. and Halverstadt, I. F. The dipole moment
of sulfanilamide and related compounds. J. Am. Chem.
Soc., 63, 2182-2187 (1941).

12, Kumler, W. D. and Strait, L. A. The ultraviolet absorption
spectra and resonance in benzene derivatives sulfa-
nilamide, metanilide, p=-aminobenzoies acid, benzensulfonamide,
benzoic acid and aniline. J. Am. Chem. Sos., 65, 2349-235L
(1943).

13. Longsworth, L. G. and MacInnes, D. A. Electrophoresis of
proteins by the Tiselius method. Chem. Rev,, _21_,_;_, 271-278
(1939).

;. Marrack, J. R. The chemistry of antigens and antibodies.
Medical Resesrch Council. Special Series Report, No. 230.
His Majesty's Stationery Office, Lendon (1939) p. 31-33.

15. San Clemente, C. L. and Huddleson, I, F. Eleotrophoretiec
studies of the proteins of bovine serums with respect to
Brucella, Mieh. Agr. Exp. Sta. Bul., 182, 313 (1943).

16, Sohmidt, C. L. A. Chemistry of the amino acids and proteins.

Charles C. Thomas, Springfield, Ill. 2nd Ed. (1945),

P . 871“‘875 .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



«50=

17, Schmidt, C. L, A. Chemistry of the amino acids and proteins.
Charles C. Thomes, Springfield, Ill, 2nd Ed. (1945)
p. 882.

18. Schmidt, C. L. A, Chemistry of the emino acids and proteins,
Chearles C. Thomas, Springfield, Ill. 2nd Ed. (1945)
p. 633.

19. Tisileus, A. A new apparatus for electrophoretic analysis of

colloidel mixtures. Trans. Faraday Soc., 33, 52);-531

(1937).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



