o410

[CONTRIBUTION FROM TUE RHEUMATIC FEVER RESEARCH INSTITUTE, NORTHWESTERN UNIVERSITY MEDICAL SCHOOL

. L. Hess, W. Avara AND AlLeNE HERRANEN

Vol. 74

The Separation and Properties of a Mucoprotein from a Lymphatic Organ!

By E. L. Hess, W. AvaLa AND AILENE HERRANEN
RECE1VED APR1L 14, 1952

A method for the separation of a high moleculur weight mucoprotein from bovine palatine tonsils is given. Chemical and
physicul data, including sedimentation and diffusion coefficients, intriusic viscosity, partial specific volume, isoclectric point,
electrophoretic behavior, ultraviolet absorption characteristics, and nitrogen, phosphorus, hexose, hexoseamnitie, hexuronic

acid and lipid contents are reported,

Introduction

Little is known of the composition or properties
of the proteins of lymphoid tissue. Nucleopro-
teins have been separated from: the thymus?—*
and characterized®® as nucleohistoues.

More recently Abrams and Cohen’ reported elec-
trophoretic and chemical analyses of the human
tonsil and calf thymus extracts. Since these
workers did not report carbohydrate analyses, no
information is available regarding carbohydrate
content of their extracts,

Several workers have isolated carbohydrate con-
taining protein fractions from animmal serum.®—!
Mucoprotein I from human serum is the better
characterized oue due to the careful and complete
work of Winzler and his associates. !l !?

Mucoproteins have also been prepared from
eggs,!® gastric mucosa,*¢ saliva®® and urine.® Uri-
nary wmucoprotein and ovomucoid have been
better characterized than the others due to the
recent work of Tanumn and Horsfall®® and of Fred-
ericq and Deutsch.!?

The conditions of separation, the yield, and some
chemical and physical properties of a mucoprotein
1solated from bovine palatine tousils will be dis-
cussed in this report.

Experimental

Bovine palatine tousils were sceured frowu freshly sluught-
cred animals.’®  After excision the glands were immersed
mnnediately in cracked ice. The removal of muscle and
cxternal comnective tissue was accomplished within a few
hours after slaughter. Each bovine tonsil cousists of two
lobes of lymphoid tissue folded over u mucosal surface con-
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tinuous with the pharyngeal mtcosa. The tonsilar mucosa
was exposed and scraped in order to remove mucus and any
infected areas. The cleaned tousil was then washed with
cold 0.15 /V NaCl, frozen and stored at —56° until used.

Electrophoresis determinations were run in a conventional
Tiselius assemibly equipped with a Philpot-Svensson
schlieren optical system.!%2 Buffer compositions, ioiic
strength, pH and the potential gradient employed varied
throughout this study and will be stated in each individual
case. The experiments were performed in an all-glass cell
assembly at a temperature of 0.4°. Conductivities were
measured at 0.0°; the mobility values therefore obtain at
0.0°.20  The conductivity of the buffer was used .for mo-
bility calculations. The values reported were calculated
from tracings of eulargements of photographs of the de-
scending patterns in the usual matner.2?

Lutrinsic viscosity measurements were made in 0.1 V so-
diutn acetate (pH 7.3) at 37.0 & 0.05° in a Risher-Irany
viscometer, according to methods discussed previously,??
except that the mean velocity gradient 38 varied from 21 to
70 sec. ! i the preseut work.

Sedimentation constants were ineasured it the standard
oil-turbine centrifuge in the laboratory of Prof. J. W.
Williainis at the University of Wisconsin. A speed of 50,400
r.p.m. was employed and the average temperature was 24°.
Values of the sedimentation constant were determined from
the slope of log x; vs. #, where x; is the distance of the axis
of rotation from the boundary and # is the time of centrifu-
gation corrected for the viscosity variation of the solvent
mmedium with temperature. The sedimeutation coefticients
have been reduced to the value in water at 20° (s, )22
and are recorded in Svedberg units.

Diffusion measurements were made in the electropliore-
sis assembly described above. Duplicate determinations
result from using both liinbs of the cell. The boundaries
were sharpened according to the mmethod of Kahn and Pol-
son.?® The height and arca, the second moment, the iu-
flection point and the successive analysis methods were
used for calculations.?” The zero time correction suggested
hy Kaln and Polson® and hy Longsworth? was applied to
thiese measuremcnts.  The diffusion experinients were per-
fornted at 047, corrected for temperature and viscosity
effects, and reported as Dy, values according to the equa-

tion.?
\ o T ‘ butfer p
D'.’mv = ])cxp Xy Doutier k1>
»XD) 20K/ Ha0 NHO /29371

Gosting and Morris?® and Longsworth® have shown that
these corrections are reasonably valid.

Partial specific volunies were calculated according to the
method described by Kraemer?? from a plot of wi vs. 7 where
w is the weight fraction of protein and V the specific volume
of the solution. The specific volumes were deterniined at
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20° in redistilled water using a 5-ml. pycnometer. Protein
concentrations used to calculate w; values were determined
spectrophotometrically using the extinction coefficient at
X 280 mu.

The extinction coefficient (Ei?i 989) Was determined with

a Model DU Beckman spectrophotometer based on a sample
dried at 105° in vacuo. A slit setting of 0.6 mm. was used
in this determination. The extinction coefficient obtained
by the purple color reaction with diphenylamine at 530 mu
was likewise measured on the Beckman instrument. The
color reaction was performed according to the macro-proce-
dure previously described.?!

There is evidence that the absorption band at A 530 mu
produced by heating the mucoprotein with the Dische di-
phenylamine reagent may be due to glycal type structures.?
This analysis is based upon the purple color reaction® using
the extinction coefficient for p-galactal Eé:/g 62.5 as a refer-
ence standard.

Chemical analyses were performed according to the pro-
cedures listed in Table I, and are based upon samples dried
to constant weight at 105° 7z wvacuo. Total lipid values
were found by Soxhlet extraction procedures using 3:1
ethanol-ether mixture.

A Model G. Beckman pH meter calibrated daily, prior
to use, against National Bureau of Standards recommended
buffers?3¢ was used for all pH measurements.

TaBLE I
CHARACTERIZATION DATA oN BTMI

S20w 9.6S 0.15 M NaCl pH 5.4
Dyw 1.4 X 10°7 cm.2sec."! 0.15 M NaCl pH 5.4
Vaow 0.71 H:0 at 20° pHS5.4
ple 1.5+0.1 4 = 0.05
H 0.95 dl./g. 0.1 M NaOAc pH 7.3
M 570,000 Sedimentation and dif-
fusion
/s 2,82 Sedimentation and dif-
fusion
i —3.6 X 10°5 cm.2 Véronal x0.10
sec. "l volt —t pH 8.6
u —4.9 X103 Acetate £ 0.10
pH4.7
forys 6.2 H:0 pH7.0
Eé?g 1.7 Purple color reaction
with DPA3!
Hezxoses, % 11 Carbazole reagent?s
10 Anthrone reagent?®
Hexoseamines, % 9.7 Morgan and Elson#’
Hexuronic aeid, % None Dische3s
Pentoses, % None Dische?’?
Methyl pentoses, % 1.7 Dischet® .
Giycals, % 2 Purple color reaction3t32
Nitrogen, % 8.9 Nessler technique4l
Phosphorus, % 0.035 Fiske-SubbaRow4?
Lipid phosphorus, % None
Protein phosphorus, % 0.055
Atoms p/molecule 10
SOy, % None Measet?
Lipld, %, 5.8 Soxhlet extraction
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Fractionation.—All fractionation steps were carried out
in a cold room (0-5°). The tonsils were homogenized in a
Waring Blender at high speed for 15 seconds with cold 0.15
N NaCl. The time factor is critical in that excessive foam-
ing and prolonged homogenization (30-45 sec.) will cause
extensive denaturation, resulting in the insolubility of more
than 75% of the otherwise soluble constituents., On the
other hand, homogenization for less than 15 sec. results in
poor yields. Foaming was reduced by inserting an empty
centrifuge tube into the vortex of the solution during ho-
mogenization.

The homogenate was stirred for 30 minutes and then cei-
trifuged in an SS-1 Sorvall angle-head centrifuge. Large
batches of the homogenate were centrifuged after prelimin-
ary filtration through coarse gauze in a continuous-type
Sharples Supercentrifuge at 40,000 g. The precipitate was
again suspended in the same volume of cold 0.15 N NaCl as
used previously, homogenized 10 sec. at high speed in the
blender, stirred 30 minutes and centrifuged as before.
The above operation was repeated a third time. The straw
colored supernatants were combined and dialyzed against
distilled H,0.

According to Mirsky and Pollister4* the soluble constitu-
e11ts represent the cytoplasmic elements of the cells. Addi-
tional extractions yielded further soluble materials up to
approximately 7 g./100 g. tonsil for seven extractions,
representing about 50% of the dry weight of the gland.
The mucoprotein being considered in this report goes into
solution almost completely in the first three extractions.
An electrophoresis pattern of the extract is shown in Fig. 2A.
Further details of the fractionation procedure are given in
Fig. 1. Although the purified mucroprotein is quite soluble
at pH values 3.7 and above, at two steps in the procedure it
precipitated; once at pH 4.2 and again at pH 3.7. These
precipitates seem to be complexes resulting from interaction
of the mucoprotein with other constituents of the solution.
The final step in the procedure involved extraction of the
mucoprotein from an insoluble gel containing 209, lipids.

Data and Discussion

The characterization data are listed in Table I.
The sedimentation coefficient has been measured
at four concentrations, and exhibits pronounced
concentration dependency as can be seen in Fig. 3.
Part of the apparent concentration dependency
exhibited in Fig. 3 may be due to the influence of
electric charge on sedimentation behavior and part
may be due to viscosity effects. For obvious
reasous the sedimentation and diffusion experi-
ments were not performed under isoelectric condi-
tions. There is an uncertainty as to whether 0.15
M NaCl provides sufficient electrolyte at the pH
at which the sedimentation experiments were per-
formed to reduce the charge effect to insignificance.??

The importance of the viscosity of the solution in
sedimentation studies has been discussed by Lauf-
fer.** In our study, as can be seen in Fig. 3, the
product 7:s’ is not invariant with concentration.
Lauffer has also suggested® that 1/s is the function
which should be extrapolated to infinite dilution.
Our data plotted in this manner does not give a
linear relationship, although the extrapolated value
of sypw thus obtained is identical with that shown
on Fig. 3 and listed in Table I. With only four
measurements of suw il a concentration-dependent
system the extrapolated value must be considered
tentative. A single symmetrical boundary was
observed throughout the sedimentation studies.

The diffusion coefficient has been determined in
duplicate experiments at a single concentration
(0.369). From observations of the rate of blurring

(44) A. E. Mirsky and A. W. Pollister, J. Gen. Physiol., 80, 117

(1946).
(45) M. A, Lauffer, THIS JOURNAL, 66. 1195 (1944).
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Bovine Palatine Tonsilg
wet weight 100 g.
dry weight 15 g.

lextracted with 0.15 37 NaCl 200 ml.

ithree suiccessive extractions
fcentrifuged 45 min, 20,000 g.

e -~ -

¥ \

Fraction A — Spn’t. - 600 ml.

Fig. 2A

dialyzed to p = 0.0

~5 g. solubles
1y 600 ml.

u 0.025 NaCl
‘pH 5.1 with HOAc¢ 0.1 N

insolubles

I- - d
¥ ¥
Supernatant B Ppt.
~1.5g. ~3.D 8.
Fig. 2B.C

dialyzed

'V 600 ml.

Il-l 0.0 )

ipH 4.2 with HOAc 0.1 ¥

e

P T

¥ ¥
Sput. Ppt. C ~0.9 g¢.
~0.6 g. Fig. 2D
suspend 0.06 3 NaCl adjust pH
to 7 with 0.05 N NaOII

V180
' 0.06
ipH 3.7 trichloracetic acid 0.05 ¥

7 7
Ppt. D Sput.
suspend 0.06 M NaCl and
adjust pH to 7 with 0.05 N NaOH

V150
u 0.06 ]
{pH 8.7 trichloroacetic acid 0.05 &
A A
v v
Sput. Ppt. E ~0.5 g.
Fig. 2E
lyophilized
\
suspend in 100 ml. 0.10 3 NaOAc¢
pH = 5.5
stir 30 minutes

e e e ey

v v

spilt. Ppt. ¥
lower pH to 3.7 ~0.4 g.
0.3 N trichloroacetic acid repeat preceding
, extraction with
V100 ml. 0.1 M NaOAc on this
e 0.10 Ppt.
PH 3.7 |

v v N\ )

Ppt. Supernatant ¥ 4
slight dialyzed to p 0} Spnt.

"V 100 ml.
i 0.01 NaCl
i'lower pH to 3.7 with 0.1 ¥ TCA

v v
Ppt. Supernatant F, dialyze
lyophilize
vield ~0.075 g.
Iig. 2F
Fig. 1.----Schematic fractionation procedure for BTMI.
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of the boundary at 0.4° the diffusion coefficients
are calculated to be 0.50 X 107 cm,? sec.—! by the
inflection point method, 0.70 X 10~7 by the
height and area method, 0.80 X 10-7 by the
method of successive analysis, and 1.10 X 107
by the method of moments.

Norualization of the refractive index gradient-
distance curve reveals skewness, probably indica-

M m2

1 Veronol
pH=8.6

Ml M2

-y

M2

M

Acetote
pH:=4.7

Veronal
pH=8.6

L

Veronal
pH:8.6

!

Veronol
pH=8.6

Vig. 2.—Electrophoretic patterns (descending) of various
fractions of tonsil cytoplasm, enlarged 1.1X. All experi-
ments, in x 0.10 veronal buffers at pH 8.6 under a potential
gradient 6.4-6.8 volt em.™! for 120 ntinutes except for pat-
tern C. Cin 4 0.10 acetate at pH 4.7 and a poteutial gradi-
ent £ 4.0 volt cm.”1: A, supernatant A, concn. 19%; B,
supernatant B, concn. 0.8%; C, supernatant B concu.
1.5%; D, precipitate C, conen. 1.577; E, precipitate I,
conen .87 IY, supernatant F, coucu. 1.5,
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tive of concentration dependence of diffusion
coefficients. The computations have been made
by using properties of a Gaussian curve. The least
certain portions of the curve are found at the
maximum of the peak and at the base line. The
inflection point method of calculation is therefore
uncertain in that it is particularly semnsitive to
the height. The method of moments, on the
other hand, weights heavily the portion of the curve
where x; is largest. We have chosen the average
of the four methods as representing the best
approximation. This leads to an uncorrected value
D, = 078 X 1077 cm.? sec.72. After correction,
as indicated by equation (1), we have Dy = 1.4
X 1077 cm.? sec.”!. This datum, when combined
with other constants, gives a molecular weight of
570,000 for the mucoprotein.

The partial specific volume (V = 0.71) is higher
than values reported for other mucoproteins.!*1?
The partial specific volume of two separate prepara-
tions was V = 0.704 and V = 0.714, and is in-
dependent of concentration throughout the range
0.3 to 2.39 protein. Whereas the partial specific
volume V' = 0.71 may well be correct, it can be
shown that the lipid coutent, if assumed to be a
contaminating lipoprotein, can affect the partial
specific volume by three parts in the second decimal
place. Likewise, the presence of water not re-
moved at 105° in vacuo would raise the experi-
mentally determined value. Since we are unable to
account for niore than 809, of the molecule in
terms of carbohydrates, proteins and lipids it is
reasonable to think that some of the remainder is
water. Another possible explanation for the low
nitrogen content of the fraction could be an un-
usual distribution of amino acid types. A pre-
ponderance of high molecular weight low nitrogen
type amino acids such as tyrosine, cystine and
leucine would lead to a low nitrogen value and
allow as much as 709, of the molecule to be protein,

The pH mobility curve is shown in Fig. 4.
It is unusual in that the isoelectric point in 0.05
ionic strength buffers is 1.5; however low iso-
electric points have been reported for other muco-
proteins.!®!!  The isoelectric point can be ac-
counted for by postulating that the phosphorus
is present in the formn of hexose phosphates. Several
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Fig. 4.—pH-Mobility relatiouship for BTMI: Mobilities

calculated from descending patterns.

rH Buffer Conductivity, lonic strength
X103 ohm-! cm.—1

1.6 0.03 M glycine 9.62 0.05
CL;CCOOH

2.45 0.06 M glycine 2,79 025
HCl1

3.05 0.1 M KH.PO, 3.46 .10
0.007 M H;PO,

4.7 0.08 M NaCl 5.29 10
0.02 M NaOAc
HOAc

5.15 0.08 M NaCl 6.37 .10
0.02 M NaOAc
HOAc

7.2 0.04 M NaCl 4.33 .10
0.06 M NaCac®
0.013 M HCac

8.6 0.10 M NaV® 3.08 .10
0.02 M HV

® Cacodylate. ° Diethylbarbiturate.

hexose phosphates with pK; < 1 are known.*
Phosphate analysis allows 10 phosphate groups
per molecule of protein. The appearance of the
curve in the pH region 1.5-4 can be attributed to
the presence of cystine, which has a pK, 2.1.
The flatness of the curve between pH 4 and 8§
suggests that very little histidine, aspartic and
glutamic acids are present.

The intrinsic viscosity, H 0.95 dl. g.7%, is
unusually large compared with most proteins.
It is nearly five times the value reported for bovine
fibrinogen,?® generally considered to be the miost
asymimetric component in serum. The high in-
trinsic viscosity suggests that the mucoprotein
molecules are probably heavily hydrated and
asymuetric.

The frictional ratio f/fo = 2.82 determined from
sedimentation and diffusion data likewise indicates
pronounced asymmetry and hydration. If one
assumes an unhydrated molecule with a prolate
ellipsoidal shape the axial ratio can be calculated
both from viscosity and from sedimentation diffu-
sion data.?>¢” The values obtained from such
calculations agree remarkably well, giving an

(46) E. J. Cohn and J. T. Edsall, " Proteins, Amino Acids and Pep-

tides,”” Reinhold Publishing Corp.. New York, N. Y., 1943. p. 134.
(47) R. Simha, J. Phys. Chen., 44, 25 (1940).
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o, respectively. Suclt an
axial ratio must be considered, however, ouly as
‘the upper limit of asymmetry. Lauffer®® has
experimentally confirined the validity of the Simlia
equation as applied to tobacco mosaic virus. His
résult hardly justifies an @ priori assumption that
the mucoprotein molecule has a prolate cllipsoidal
shape or is unhydrated.

Tlhe molecular weight of approximately 570,000
obtained from sedimentation and diffusion data
must be considered tentative due to the uncertain-
ties with regard to su. and Dy determinations.

An analysis of the electrophoretic pattern in Fig.
2F, assuming the samie refractive indices for all
components, shows that in addition to the main
peak, 1197 of other substances with mobilities
ranging between zero and —35 X 107 cut.* volt !
sec.”! are present. The capacity of the muco-
protein to formi complexes, as mentiotied above,
makes difficult the removal of all contaminants.
In addition to the contanunants, there is the factor
of spreading of the main peak itself. Our qualita-
tive observations indicate that the boviue palatine
tonsil mucoprotein will have a heterogeneity con-
stant® greater than zero, and a definite g(s) sedi-
mentation distribution.” 3t

Although essentially single boundaries are ob-
tained both in sedimentation velocity experiients
and fron1 pH 2-5.6 in the electrophoretic work,
spreading greater than can be attributed to diffu-
sion is presett.

The ultraviolet absorption spectrum is that of a
typical protein with a maximum occurring at 277
mu and a 111ini111u111 at 253 mu. The extinction
coefficient £1'7 4 = 6.2 is close 10 those reported
for serum albumins.”” Considering the low nitro-
gen (8.99 ) content of the imucoprotein molecule,
the ratio of combined tviosine and tryptophan to
other amino acids 1s probably twice that found in
the serum albuiins.

The analytical techniques available for quantita-
tive determinations of the various carbohydrate
constituents are rather uusatisfactory and at best
give only a general idea of the carbohydrate
contents, The interference by amino acids and
sugars i the Elson and Morgan micthod has been
discussed by Horowitz, Tkawa and Fling® and by
Imimers and Vasseur,”

Glyveals and 2-deoxyhexoses do not react in the
carbazole and anthrone analyses and therefore
should if present be added to the liexose content

(48) M. A. Lauffer, Tuis Jourxat, 66, 1188 {14445,

(497 R. A Alberty. ibid., 70, 1675 i1948)

(30 R. L. Baldwin and J. W. Williams, ¢bid., T2, 4325 (1950),

(313 J. W, Williams, R, L. Baldwin, W. M. Sasnders and P. G
Squire, ibid., T4, 1542 11952,

i32) 1. ] Cohn, W. L. Hugtes and . . Weare, bid., 69, 1753
(10475,

\If;ﬁ H. N. Horowitz, M. lkawa and M. Fling, Arch. Biochem., 28,

226 (1950).
(54) J. lmmers and E. Vasseur, Nature, 168, 898 (1950).
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of the molecule. Evidence for the presence of
these substances is based on the diphenylamine
reaction meutioned previously.

We have assumed that all of the substances
extracted with 3:1 ethanol-ether using Soxhlet
extractionn procedures represent lipids. This as-
sumption is of questionable validity as has been
discussed by Wittcoff.>® It is of interest that the
extracted materials do 1ot contain phosphorus
and therefore are wnot phosphatides. A more
adequate evaluation of the amount and nature of
the lipid content of this protein is beyond the
scope of the present report.

We have applied the term mmucoprotein to our
isolated fraction in accordance with terminology
reconnuended by Meyer® who distinguishes muco-
proteins from glycoproteins on the basis of the
amino-sugar content. Inasinuch as BTMI con-
tains 0.7 hexoseamines it is classified as a muco-
protein. [t is unlikely that BTMI is a constituent
of the lymphocytes. Our evidence suggests that
1t comes from nmicosal tissue present in considerable
amtounits it bovine palatine tonsils. Since this
mnucosal tissue is an iutegral part of the whole
tonsil we have not attempted to separate it fromn the
Iyniphoid tissue. Cytoplasmic extracts of both
human tonsils and bovine thymus fail to indicate
the presence of a component similar to BTMI.
These glands contain very little mucosa compared
to bovine palatine tonsils.

Most mniethods used for isolating mucoprotein
fractions®*13—1 involve rather drastic treatment;
such as, extractionn with hot carbonate, 909,
phenol, 5% perchloric acid or heat coagulation.
While mucoproteins appear to be unusually stable
substances, alterations in physical and chemical
properties are to be expected when drastic methods
are emploved. The conditions used for the separa-
tion of BTMI are mild in that they do not involve
high salt concentrations, organic solvents or ex-
tremme pH values. For tliese reasous it seems prob-
able that the somewhat unusual physical properties
found in these studies are associated with the native
state and arc not the result of fractionation pro-
cedures.
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