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I. INTRODUCTION

The presence of erythrocyte agglutinins in extracts of castor
beans, according to Cushny (1), was first described in 1888 by
Stillmark (2) during his studies on the highly toxic substance, ricin,
also present in these beans. Early efforts to ascertain the chemical
nature of ricin, stimulated a debate as to whether it was a protein
or some other complex molecule. In an attempt to resolve this
question, Osborne, Mendel and Harris (3) fractionated and partially

purified the protein components of the castor bean (Ricinus communis).

In their "physiological experiments” section there is a description
of the effects of their riecin preparations upon the erythrocytes of
the laboratory animals used in their experiments. They state, "The
characteristic influence of ricin preparations on extravascular blood
or suspensions of corpuscles is exhibited in the agglutination of the
erythrocytes followed by the sedimentation of flocky masses upon the
bottom of the retaining vessel."

This observation aroused the interest of the immunclogists of the
time and in 1891 Fhriich (4) reported his studies on antibody formation
against ricin in the mouse. Later, working as students of Ehrlich,
Landsteiner and Raubitschek (5) reported the presence of erythrocyte
agglutinins in the seeds of a number of other legumes. Landsteiner (6)
also demonstrated that the degree of agglutination of a given extract
was not the same for different animal species.

Boyd and Reguera (7) extended these observations with the purpose
of finding specific or semispecific action on the erythrocytes of

different individuals within a given species. They reasoned that if such



specificity could be demonstrated, a cheap source of blood grouping
reagents would be made available and studies on the mechanism of
agglutination could be made by chemical modifications of the purified
agglutinating component. In 1945, they veported the results of studies
on 262 varieties of plants. The only specific agglutinin found was in

the lima bean, Phaseolus limensis, which agglutinated human erythrocytes

of the A blood group.

Since that time many investigators have expanded this work and, as
reviewed by Boyd (8), over the past fifteen years there have been found
plant extracts which demaﬁstrate different specificities toward a
number of human bloed groups with the notable exeception of the Rh anti-
gens. In addition to specific leguminous agglutinins, there are found

specific anti-A agglutinins in the mushroom, Clitoeybe nebularis, anti-B
!

agglutinins in the tree fungus, Polyporus fomentarius, and anti-H

agglutinins in the mushroom, Xylaria polymorpha. A non-specific hem-

agglutinin present in potatoes has been described by Marinkoviech (9).
Boyd (8) has proposed that the term "lectin® be used for these

plant agglutinins and has divided them into three general categories:
direct "lectins" which will agglutinate cells suspended in saline; in-
direct "lectins" which require plasma-suspended cells or cells treated
with certain proteolytic enzymes; and nonagglutinating “leetins"l whigh
- Although Boyd (8) proposed the term "lectin" for the plant agglutinins,
the term "phytohemagglutinin® seems to be more commonly used and for

consistency will be used throughout the remainder of this paper or
abbreviated PHA,



combined with cells but do not agglutinate them in either system. The
majority of the known phytohemagglutinins are of the first category but
as Boyd points out, this may be because most workers have only tested
for this type of phytohemagglutinin,

A scurce list of phytohemagglutinins has been compiled by Boyd,
Waszczenko~Zacharczenke and Goldwassar {10) which demonstrates the wide
distribution of these substances in the plant kingdom.

Although plant ext:acts have been extensively studied in temms of
erythrocyte agglutinins, their activity is not limited to the red blood
cells alone, Kashwabara, Tanaka and Matsumoto (11) have cobserved a
tail-to-tall agglomeration of bull spermatozoa when soybesn oxtracts
were added to their suspensions, Nordman, de la Chapelle and Gmashack

{12) have presented suggestive evidence for the existence of two types

of agglutinins in bean (Phaseolus vulgaris) extracts, one primarily a
leukoagglutinin and the other primarily an erythroagglutinin, but neither
being deveoid of the opposite activity. Using red cell stroma adsorbed
extracts of the red kidney bean, Tunis {13) has demoustrated the presence
of a non-erythroagglutinin capable of agglutinating Sarcoma 180 cells of
the ascites form and other nonerythrold nucleated celis.

The presence of phytohemagglutining in bean extracts (Phaseolus
vulgaris) was rediscovered in the late 1940's by Li and Osgeod (14)
while developing in wvitro methods for the long term culture of human
leukemic leukocytes. Accoerding to Rigas et al, (15), Li speculated that
the bean seed, the plant embryo, might contain growth promoting factors

analogous to those found in chick embryo extracts used for in vitro



mamnalian cell cultures. Although they did not demonstrate the

presence of a growth Pr;moting factor (mitogen) in the bean extracts,

in 1949 Li and Osgood (14) reported a simple method employing the phyto-
hemagglutinin for the rapid and efficient separation of leukocytes from
whole blood.

Ten years later Li's speculation found support when Nowell (16)
observed an increased number of mitotic figures in his leukocyte prepa-
rations obtained by the phytchemagglutinin separation method. Through
controlled studies, Nowell demonstrated the phytohemagglutinin to be
responsible for this mitogenic effect and suggested that the moncnuclear
leucocytes, lymphocytes and monocytes, appeared to be the only leucocytes
induced into mitosis, Later studies by Marshall and Roberts (17).
Cooper, Barkhan and Hale (18) and others have provided good evidence
that the small lymphocytes convert in vitro into the dividing cell. In
addition to the peripheral lymphocytes, Nowell (16) reported leukemic
blasts and bone marrow cells to be stimulated and undergo mitosis upon
the addi%ion of phytohemagglutinin to their cultures, Recently Sarkany
and Caron (19) have veported that epithelial cells in organ culture of
human skin are induced to undergo mitosis by phytohemagglutinin.

The first benefits of Nowsll's observation were obtained by the
geneticists, as culture techniques like those described by Mellman (20)
~utilizing the mitogenic property of phytohemagglutinin yield large
numbers of metaphase chromosomes suitable for chromosome studies. Recent
investigations by Berman and Stulberg (21), Pearmain and Lycette (22) and

others concerning the role that phytohemagglutinin plays in initiating



mitosis have led them to pestulate that mitosis is an immune response
elicited by the cells against the phytohemagglutinin. If this proves
to be the case, phytohemagglutinin will also be of value in future
immunologic studies. As the phytohemagglutinin has the ability to
transform and stimulate lymphocytes normally incapable of division

to rapidly proliferate. future studies on the mechaniems of cellular
division and differentiation will be aided by the use of phytohem-
agglutinin (15).

Most studies on the mitogenic activity of phytohemagglutinin have
been made using an impure commercial preparation. Punnett and Punnett
(23) reported that in some lots of commercial preparations they were
unable to demenstrate mitogenic activity by their methods, although
they could demonstrate hemagglutinating activity. They concluded the
mitogen is actually a contaminant in the commercial preparations. Thus
the identity of the erythroagglutinin with the mitogen has been challenged.
The efforts to resolve this question can best be presented in light of
the studies made on the purification and characterization of phytchem-
agglutinin,

Early work by Osborne et al. (3) on ricin implicated the association
of the toxicity of their preparations with the erythroagglutinating
activity, The criterien of purity used by these investigators was com-
parative lethal dose analyses. Since the modern physicochemical methods
used to demonstrate protein homogenity were not available to these
workers, little can be said about the purity of their preparations.

However, Kabat, Heldelberger and Bezer (24) have since demonstrated their



ricin preparations to be electrophoretically, ultracentrifugally and
immunochemically homogeneous. Their preparations possessed both toxicity
and erythroagglutinating activity. The purified ricin was found to be
a protein with a meolecular weight of about 80,000 and to have an
isoelectric point of 5.3.

Sumner and Howell (25) observed a similar association with their
preparations of the mild toxin, Concanavalin A, isolated from jack beans

(Canavalia ensiformis).

An electrophoretically homogeneous preparation of soybean erythro-
agglutinin was also shown to be toxic (26). Later studies on this
agglutinin revealed it to be a protein with a molecular weight of 96,000
(27).

In contrast, the kidney bean (Phaseolus vulgaris) and navy bean

(Phaseolus communiz) agglutinins have been found to be non-toxic (28, 29).

It is from these beans that the commercial preparations have been prepared
by modifications of the methods of Rigas and Osgood (30).

Using a combined ethanol and ammonium sulfate fractionation
procedure, Rigas and Osgood (30) isolated an active erythroagglutinating
mucoprotein (MPHA) from red kidney beans which contained 50% reducing
substances. This preparation appeared to be homogeneous when subjected
to moving boundary electrophoresis between pH 5.8 and 8.6, However, below
PH 5.8 the electrophoretic patterns showed progressive asymmetry and at
PH 2 complete dissociation was observed with one component migrating as
a cation while the other remained stationary. Samples of the twe components

were taken directly from the electrophoretic cell and amalyzed chemically



and for agglutinating activity. The cationic compeonent was found to be
a protein retaining the agglutinating activity, whereas the statlenary
component was an inactive olysaccharide., From this cbzservation, a
fractionation procedure employing ammonium sulfate at pH 1 was developed
and the active protein (PPHA) isolated. This preparation appeared
homogeneous by electrophoretic analysis between pH 2 and 8.0, When
subjected to analytical ultracentrifugation, a minor component was
observed sedimenting slightly faster than the larger homogeneous component.,
The protein was shown to have an iscelectric pH of 6.5, a sedimentation
coefficlent of 7.2 § (M.W. = 128,000), a nitrogen content of 14,6% and a
3.4% content of reducing substances. The preparation gave a positive
agglutination test at concentrations of 0.1 microgram per milliliter.
Since these studies were prior to Nowell's discovery of the mitogenic
actlvity of phytohemaggliutinin preparations. no mitogenic assays were
reported,

Shortly after Pummett et al. (28) presented their hypothesis on
non~identity of the mitogen with the erythroagglutinin, Barkhan and
Ballas (31) reported that they found the mitogenic activity to remain in
their phytehemagglutinin preparations from which the erythroaggiutinin
had been removed by red cell adsorption, In neither case was a mitogenic
substance isolated and characterized that was devoid of erythroagglutin-
ating aetivity. Michalowski, Jasinska and Madalinski (32) repeated the
werk of Barkhan et al. and found that losses in the erythroagglutinating
aétivity resulted in parallel losses of the mitogenic activity.

Further studies by Rigas et al. (15, 33) were made on a PPHA



preparation that was shown by them to be humogensous by 11 different
eriteria of homogeneity. The same preparation has recently been shown
to be homogeneous by immunoelectrophoresis and immunodiffusion
techniques (34). This preparation possessed both activities.

However, when subjected to columm chromatography on arythrocyte
stroma and on the weak cation exchange resin IRC-50, multiple components
were observed. [Irom the erythrocyte stroma a minor component (about 5%
of the total) was eluted from the column at 7°C and appeared to have no
affinity for the stroma. The major portion of the colum load was
removed from the stroma when the temperature was raised to 56°C,
Analyses of the two components for the two activities indicated the
minor component possessed a greater mitogenic activity than the major
component in relation to the agglutinating activity. Successive
rechromatography of the major component on the stroma column failed to
elucidate the possible relationship of these two components as inacti-
vation of both activities occurred.

From the IRC~50 chromatography eight or more components were
obtained which possessed different degrees of the two activities, the
proportions of which varied independently from each other. The tryptic
peptide patterns, sedimentation coefficlents, solubilities and electro-
phoretic patterns of these components demonstrated them to be different
from each other and from the parent preparation.

When the pure PPHA was subjected to 8 M urea and then analyzed by
ultracentrifugation, two compgneﬁts were found to be present. The

slower sedimenting component was estimated to have one-eighth the
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molecular weight of the wntreated PPHA (about 128,000). The
sedimentation coefficient of the faster sedimenting component was 7.2 8,
i.e., the zame as the untreated PPHA, Upon longer exposure to the urea

the relative concentrations of the two components changed with the

o

slovwer becoming the greater of the two.

When the 8 M urea-treated PPHA was subjected to starch gel electro~
phoresis employing 8 M urea, pH 9 borate buffers, nine protein bands were
cbtained., The concentretion of the fastest migrating band diminished
with longer periods of treatment of the PPHA with urea before electro-
phoresis.

When the IRC«SO‘components were treated with urea and electro-
phoresed, several of the 8 bands were missing in two of the components,
while the other components differed in their relative concentrations as
indicated by the color density of the bands.

In vitro dose response studies of human leucoeytes with the pure
PPHA were made. Utilization of protein, RNA and DNA radiocactive
precursors by the leucocytes was used as a measure of the mitotic
activity. From these studies it was demonstrated that there is an
optimum dose, above and below which the leucocytes will not respond and
underge mitosis,

On the basis of these results it was concluded by these workers that
the PPHA is composed of 8 electrophoretically different polypeptide
chains (subunits), each having a molecular weight one-eighth that of
the undissociated molecule. The IRC-50 vesin causes the molecule to

‘dissociate and when reassociation occurs, combinations other than that
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of the original molecule result. Since the agglutinating and mitogenic
activities of the IRC-50 components varied independently from each
other, it was postulated that one'type of subunit is responsible for
the mitogenic activity and another type is responsible for the
agglutinating activity of the PPHA molecule. A neutral type of

subunit was also postulated to explain the finding that one of the
IRC-50 components exhibited activities, both of which were greater than
that of the original PPHA preparation. The fact that there is an
optimum dose for leucocyte response was considered as suggestive
evidence that one of the subunits is toxic at hipgh concentrations. Not
precluding the possibility of another substance in the besan having only
mitogenic activity, their findings conclusively demonstrate that the
PPHA molecule possesses both biolegical activities.

Few of the phytohemagglutinine from the many sources deseribed
have been cheﬁically characterized. Of those that have there appears
to be basic similarities between them. They are large proteins with
molecular weights between 80,000 and 120,000 and isoelectric points
between 5.2 and 6.5. They contain large amounts of aspartic acid and
their content of histidine, tryptcpﬁan and the sulfur containing amine
acids cysteine and methionime is low. The phytohemagglutinins are
glycoproteins for about 10% of their weight is composed of glucosamine
and neutral sugars (9,15,24,27,323,35-39). Thé réd kidney bean phyto-
hemagglutinin contains 19 glucosamine residues and B3 neutral mono-
saccharide residues per molecule of the protein (15).

The purpose of the work pf&sented in this thesis was to study the
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carbohydrate portion of the molecule in terms of the number, site of
attachment and monosaccharide composition of the oligosaccharide
moieties present in the protein. Since the possibility existed that
the oligosaccharide units might be the same but have different sites
of attachment, it was felt that the greatest Information would be
gained by isclating the tryptic glycopeptides and analyzing them

for differences in amino aeid and carbohydrate composition. Thus

this work has involved establishing methods by which the tryptic
glycopeptides may be separated, isolated and studied in terms of their

structure. .
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II. METHODS AND MATERIALS
A, Physical Measurements

Optical densities of protein solutions were determined at 280 mu
with a PMQ II Zeiss spectrophotometer (Carl Zeiss, Germany). The
quartz cuvettes with a 10 mm light path manufactured by Pyrocell Mfg.
Co. were used. In all determinations the solvent of the protein
solution was used as the blank.

Measurements of pH were made with a Model G Beckman pH meter,
standardized with the appropriate Beckman standard buffer., The
temperature of the standard buffer was always adjusted to that of the
gsample before the meter‘was standardized.

Conductivity meagsurements were wade with a Kiﬂtt Cénductivity
Bridge (Klett Mfg. Co., New York). The conductivity cell was of Jones
and Bollinger design aﬁd obtained also from Kl@tt Mfz. Co, The cell
constant was 14.4%, The volume of solution between the two electrodes
was 1 ml. The cell was connected in parallel with avstandard resi#tance
mf 10" ohms having a -0.01% deviation (Type 500-J, Genepral Radio Co.)
Aftey rinsing the cell 3 times each with 5 ml of the solution to be
measured, the cell was filled and the bubbles between the zlectrodes
and solution were removed. Following equilibration of the ¢zll in a
20°C water bath for 20 minutes, the total resistance of the c2ll and
standard resistance was determined. |

The resistance of the cell was caleulated using the equation:

_l_z q.i.
Re Rg

o



where Rt is the total resistance as determined with the conductivity
bridge, Rg the resistance of the standard resistor and Re the resistance

of the cell. Since conductivity iz defined by the equation

&
c v (2)

then

a.];. .L {3)

"3
Re Re Rg

To find the specific conductance («x) of the solution the equation

Ce

Ko K%— = KCq (&)

<

is used, where K is the cell constant.

Weight measurements were made with medels H16 and P-120 Mettler
balances. All materials stored in the cold were brought to room
temperature before weighing.

BE. Physical Methods

Protein solutions and suspensions to be dried were lyophilized with
a VirTis model 10-145MR-BA mechanically refrigerated Freeze-Moblle (The
VirTies Company, Inc., Gardiner, N.Y.). Before lyophilization the
protein soluticns were placed in flasks adapted for the Freeze-Mobile and
frozen Sélid in a dry ice-methyl cellosolve bath.

Preparatory centrifugation procedures were performed using a
RC-2 Super-Speed Servall refrigerated centrifuge (Ivan Sorvall, Inec.,
Norwalk, Conn.).

Concentration of protein solutions was carried out according to the

ultrafiltration method deseribed by Rigas (40). The special flask was
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fitted with a length of presoaked and washed 8/32" Visking tubing (HMC,
52 Gloucester Place W.l) and filled with the protein solution. Ultra-
filtration was effected by a vacuum (6.25 ¥ 0.75 cm Hg) eontrolled with
a U-tube manometer and 3-contact electvonic relay (Emil Greiner Co.,
New York) especially modified for this purpose (10).

Series F Haake thermoregulated civeculating water baths {Brinkmann
Instruments, Ine., New York) and Precision Temptrol Circulating water
baths (Precision Sciemtific Co., Chicago, Il1l.) were used in experiments
regquiring constant temperatuve control.

Practions of chromatographis columm elnates were collected with
Buchler fraction collectors {(Buchler Instruments, Fort Lee, N.J.).

Concentration or 3rying of peptide solutions and thelr acid
hydrolysates was performed using 2 model PTFE-10 Buchler Portable Flash
evaporafor (Buchler Instrumentsz. Fort Lee, W,J.). The tomperature of
the evaporator flask was maintained at h0oC,

All chemicals used were of reagent grade quality.

C. Purification of the Protein Phytohemagglutinin

Twenty~five pounds of red kidney beans (Lilly Brand. germination
standand Lot 4-0) were sorted and only healthy beans retained, Ten
kilograms of the sorted beans wera vinsed 3 times with tap water and
allowed to air dry at room temperature for 2% hours. Using a P-4 corm
2111 {Quaker City Mill, Philadelphia), the beans were ground to a fine
flour consistenay. With the exception of removal of the insoluble
material from the Initial 0.1 M HC1 extract by centrifugation, the bean

flour was processed according to the procedure of Rigas et al. (15, 33).



Further purification of the phytohemagglutinin was effected by gel
filtration on a 2 X 88 cm column of polyacrylamide gel P-200 (2io-Rad
Laboratories), 50-150 wet mesh (Control No. 3335). The dry gel was
added slowly with stirring to distilled, delonized water (25 gm gel
per 2 liters). The g@llauspension was then boiled gently for 5 minutes,
cooled and allowed to settle to 3/5 the suspended volume. The super- -
natent and fines were aspirvated off and the gel washed three times with
0.2 ¥ NaCl, Each wash was performed by addition of 0.2 M NaCl to bring
the suspensien to its original total volume, stirring for 39 minutes,
settling to 3/5 the suspended volume and removal of the supernatent
by aspirvation. After the third wash, the gel was allowed to settle to
1/2 the suspended volume, the supernatent removed by aspiration and a
1:1 suspension of the gel made in 0.2 M HaCl,

S8ince the large column desired for this purification step was not
available, a satisfactory columm was assembled from common laboratory
supplies, A diagrammatic representatlion with dimensions of the columm
is given in Fig. 1. The column tube and water jacket were made of pyrex
glass tubing. The ground glass ball socket fitting on the top of the
column was purchased from Owens-Illinels Glass Company (Kimax #33604).
The filter at the bottom was made by first cutting the cirecular disc
from a 5 nm pieca of porous teflon (Fluoro-Plasties, Ime., Philadelphia,
Pa.) and then sliecing the disc with a razor blade to make it 2.5 mm
thick.  The bottom glass fitting was fashioned from a & wmm plece of
pyrex tubing by melting one end shut and blowing out a bubble., The

distal half of the bubble was removed and the remaining edge was
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Figure 1.
Schematic cross section of preparative chromatograph

colum assembled out of common laboratory supplies.
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carefully melted down to fit the well in the #8 rubber stopper. The
well in the vubber stopper was cut so that a 2 mm ridge of rubber
would remain between the glass fitting and the wall of the column
tube. In so doing, a tight seal was made between the column tube,
rybber stopper and glass fitting. The glass fitting was designed to
make the mixing volume as small as possible (approximately 0.5 ml)
‘and with the purpose of keeping the protein solution from coming in
contact with the rubber. Both the top and bottom rubber stoppers
were tightly secured to the column with screw-type band clamps (Breeze
M-16, Uniony'&.J.) to prevent leakage.

Before pouring the columm the temperature was lowersd and main-
tained at 7°C by circulating water through the columm jacket., A small
volume of 0.2 M NaCl was added to the column and the air in the teflon
filter and bottom of the column was forced out under 5 psi air pressure
and displaced by the saline leaving a2 5 cm height of saline above the
filter. The tip of the tubing leading from the bottom of the columm
(transfer tip) was raised and the column filled to its top with the
well-mixed 1:1 gel suspension. After about one hour of settling the
transfer tip was lowered several centimeters from the top and a 4 ml/hr
flow rate maintained. When the gel had settled 12-15 em from the top
of the column, the supernatent above the gel was removed to within 3 em
of the surface of the gel, the gel 4 cm below the surface resuspended
and the column filled to its top with well mixed 1:1 suspension. This
 procedure was continued until the settled gel bed was about 90 em in

height, A Marriott flask connected to the column via polyethylene tubing
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(FE 250 Intramedic) was used as a constant hydrostatic pressure head.
By raising or lowering the Marriott flask, the flow rate was adjusted
to aﬁd maintained at % ml/hr., The hydrostatic head, measured in cm,
was found by measuring the distance from the inside end of the air

tube of the flask and the open end of the transfer tube. This distance
should never exceed 20 em because at distances greater than this the
gel bed will pack and the flow rate will approach zero.

After stabilizing the bed by equilibrating the column with 0.2 M
NaCl for 72-96 hours at a 4% ml/hr flow rate, the column was loaded with
the phytohemagglutinin obtained by the ammonium sulfate fractiomation
procedure above, One or two hundred milligrams of the lyoﬁhilized
protein were dissolved in 3 or 5 ml of 0.2 M NaCl respectively. With
the traﬁsfar tip raised to the top of the column the protein solution
was layered with a syringe and needle below the saline and above the
gel. The protein was eluted with 0.2 M NaCl at a % mi/hr flow rate
maintained with the constant pressure head described. The column
temperature was at 7°C throughout the elution of the protein. One hour
fractions were collected in a Buchler refrigerated fraction collector,

Protein determinations on the fractions were made by optical density
measurements at 280 mp using 0.2 M NaCl as the blank. Carbohydrate and
ninhydrin analyses were performed using the Technicon Autoanalyzer
method (vide infra).

D. Ultracentrifugation
Ultracentrifugal analyses were performed with a Spinco Model E

ultracentrifuge. All analyses were maintained at 20°C with the RIST
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temperature centrel unit. Protein solutions were prepared in 0.1 ¥
HaCl which was adjusted to pH 7 by the addition of 0.1 M ¥aOH. Analyses
were carried out using the Analytical D rotor and the standard 15 mm
cell. A 1° wedge window was used for the double cell compavative
anzlyses,

Ultracentrifugal separations were made with the 30 mm fixed
partition cell in the Analytical E rotor. The fixed partition plate
was covered with Whatman #5 filter paper, To fill the cell the upper
portion of the cell was filled with the protein solution and forced
into the lower portion by centrifugation at 3000 rpm. The upper
portion was then replenished with the protein solution and the separation
was made at 50,740 vpm. After the separation was complets the cell was
immediately vemoved and the solutions above and below the partitioﬁ ware
individually removed and kept separate.

The schlieren optics system with a green filter was used to follow
the pregress of the ultracentrifugation and the results were recorded on
Kodak metalographic film plates.

E. Starch Gel Electrophoresis

Starch gel electrophoreses of the phytohemagglutinin preparations
were carried out as described by Rigas et al. (33). The two buffer
systems of pH 8.1 and 2.0 were employed. The pH 8,1 buffer was the
discontinuocus tris-borate system and the pH 2.0 buffer was the 0.005 M
glycine-lCl system. The gels were prepared with hydrolyzed potato
starch (Lot 199-1, Connaught Medical Research Lab., Torento, Canada)

in the appropriate buffers.
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To 2 mg of the preparation to be electrophoresed, 0.04 ml of the
appropriate gel buffer was added. The solutions were applied to the
gel by soaking a 0,6 X 10 mm piece of Whatman 3 mm filter paper with
the solution and placing them 5 mm apart in a cross-sectional slit
cut in the gel. A model EC451 electrophoresis assembly and ECH53
power supply was used in these experiments (E-C Apparatus Co.,
Swarthmore, Pa.). The gel was connected to the electrode-containing
buffer vessels with four buffer-soaked sheets of Vhatman 3mm filter
paper. Electrophoresis was effected by a potential of 50 V¥/15 cm for
the pH 2,0 system and 150 V/15 em for the pH 8.1 system. Each system
was electrophoresed for 4 hours at cold tap water temperatures {(approx.
1% g 8

After electrophoresis the protein bands were visualized by staining
with amido-schwartz stain ("Buffalo Black NBR"™, Allled Chemical Co.,
New York). The results were recorded by photographing the gel with
transmitted white light,

F. Titration of Agglutinating Activity

The agglutinating activity of the phytohemagglutinin preparations
was determined by the titration method of Salk (41) as modified by
Rigas et al. (15).

G. Tryptic Hydrolyses

The tgyptic hydrolyses were performed by a modification of the
method of Ingram (42). A Radiometer pH Stat assembly including a type
TTT le Titrator, type ABU la Auto-buret and SBR2e¢ Titrigraph was used

to control the hydrolysate pH and record the progress of hydrolysis
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(Radiometer, Copenhagen, Denmark). The Auto-buret was fitted with the
2.5 ml buret (B 150). The glass electrode (G 202B) and calomel
electrode (K 401) were used to monitor the hydrolysate pH. The
instrument was standardized with Beckman pH 7 and 10 buffers at 40°C
before use., Prior to use all glassware used in the procedure was auto-
claved., The electrodes and plastic parts of the pH stat were sterilized
with 70% ethanol. All solutions were prepared with pre-boiled,
distilled, deionized water.

A weighed amount of salt-free, lyophilized phytohemagglutinin was
placed in a 15 X 70 mm tube having a female § 19/38 ground glass jeint,
The protein wasg dissolved in 0.05 M acetate buffer pH 6.5 (100 mg/5 ml).
The tube was then fitted onto a Pyrex West type condenser having a male
¥ 19/38 ground glass joint. The protein was denatured by immersing the
tue in a boiling water bath while cold tap water was passing through
the water jacket of the condenser. After 30 minutes of beiling the
tube was cooled to room temperature and the coagulated protein was
transferred to the large, jacketed pH stat vessel (type V512) with four
1 ml water washes. At this point .5 ml of a tetracycline in water
solution was added, making a concentration of 0.05 mg tetracycline per
- ml before hydrolysis. The protein suspension was brought to 40°C and
the pH was adjusted to &.0 with carbonate-free 0.1 M NaOH. Immediately
after the pH adjustment 0.75 ml of a 10 mg/ml solution of trypsin in
0,005 M HC1 was added to the vessel and the titrator and titrigraph
turned on simultaneously. The chart speed of the titrigraph was 7 cm/hr.

The hydrolysis was carried out at 40°C and the pH maintained at 8.0
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with carbonate-free 0.1 M NaOH. For all hydrolyses twice reerystallized,
salt-free, lyophilized trypsin was used (Worthington Biochemical Ceo.

Lot 61198). Before adding the trypsin selution to the protein
suspension, it was passed through a 0.45 micron millipere filter
(Millipore Filter Co., Bedford, Mass.).

The tetracycline used was in the hydrochloride form lot 4Y535
("Tetracyn™, Chas. Pfizer and Co., Inc., N.Y.).

H. Bacterial Assays

The tryptic hydrolysate was checked for bacterial eontamination by
placing 0.05 ml of the hydrolysate into a tube of sterile trypticase-
soy broth and 0.05 ml hydrelysate spread on sterile blood agar and
Hueller-Hinton agar plates. The inocculated media were incubated for
2% hours at 37°C and checked for growth.

Antibiotic sensitivity tests were carried out by suspending some
of the bacteria growing on a blood agar plate in a sterile broth extract
tube. A volume of 0.05 ml of this suspension was spread onto a bloocd
agar plate and sensitivity disecs were applied. The plate was incubated
for 24 hours at 37°C and checked for inhibition of growth around the
dises, Table I lists the antibiotics tested.

Identification of the contaminating bacteria was made by the results
obtained from the Gram stain, a motility test by light microscopy of a
wet mount of the bacterial suspernsion and triple sugar-iron slants
containing lactose, glucose, sucrose and iron in the form of FeSOy.
Fermentation of each of the sugars, lactose, sucrose and glucose was

determined by observing for an acid reactien to pH indicators and gas
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production by the bacteria in separate tubes containing sterile broth
extract and one of the three sugars. These tubes were incubated for
24 hours at 372C and checked for reaction,.

All procedures and materials used for these studies are described
in the bacteriology manual {(43).
I. Gel Filtration of the Tryptic Hydrolysates

The tryptie hydrolysates were first subjected to gel filtration on
columns of P-2 and P-30 polyacrylamide gels (Bio-Rad Laboratories,
Richmond, Calif.).

The P-2 gel (lot 2993) used had an operating range of 200-2000
molecular weight and a wet mesh size of 100-200. The dry gel was
added slowly with continuous stirring to distilled deionized water
(50 gm gel/l). The gel was then allowed to stand at room temperature
for 24 hours to swell, The supernatent and fines above the settled
gel were removed by decantation. Follewing resuspension of the gel
in the original volume of fresh water, it was boiled gently for 5 minutes
with occasional stirring, After allowing the gel to settle the clear
supernatent was removed by decantation. The gel was further washed 3
times with water and 3 times with the desired buffer to be used for
chromatography. Each washing included suspension of the gel in the
original volume of water or buffer, stirrving 30 ninutes, settling for
1 hour and removing the supernatent by decantation. Follewing the
third buffer wash, a suspension of 1 part gel to 2 parts buffer was made

for pouring the column,
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A 2 x 60 cm jacketed column (Pharmacia Fine Chemicals, Ine.,

New Market, N.J.)} fitted with a teflon filter disc was used for the
P2 pel chrcmatogvaphy. Before pouring the colum the transfer tip
was raised and 10 ml of the buffer was poured into the colum. A 1.9 x
38 em column extension {Scientific Glass Co., Bloomfield, W.J.) was
connected to the top of the columm. The column temperature was
adjusted to 25°C by clirculating water from a constant temperature
water bath thirough the jacket of the column. The column and extension
were filled with well-mixed 1:2 gel suspension and the gel was allowed
to settle by gravity. When the settled gel surface was u-5 em from
the bottom of the column the transfer tip was lowered and the packing
proceeded under buffer flow. After the packed gel height was
approximately 15 cm, 6 psi air pressure was used to pack the remainder
of the colum to a height of 55 om.

Following packing, the gel columm was equilibrated with 500 ml
of buffer at a flow rate of 2 ml/min before use. To load the column
the buffer above the gel was removed and not more than 10 ml of the
material to be chromatographed was layered above the gel., The load
material was allowed to drain into the colummn by gravity flow and the
colurm sides were rinsed 2 times with 2 ml of buffer. After refilling
the column to its top with buffer the material was eluted from the
column with the buffer at a 2 ml/min flow rate. The flow rate was
maintained with a Spinco Accu-fle chromatographic pump (Backman
Instruments, Inc., Palo Alto, Calif.) connected to the column via

polyethylene tubing /PE-190 Intramedic) and a Spinco PVC ball joint



26

filter assembly (Part No. 313-347). The temperature of the column was
maintained at 25°C during the development. Fractions of 3 ml each were
collected and analyzed for peptide and carbohydrate, Several buffers
were used for this chromatography, the descriptions of which are
presented in the results section.

The P-30 gel (lot 2953) used had an operating range of 20,000-
50,000 molecular weight and a wet mesh size of 50-150. The gel was
treated in a manner similar to the P-2 gel, with the exception that
20 gm gel per liter of water were used and the boiling step was
eliminated. After the water washes the gel was washed with 0.2 M NaCl.

Two different columns were used for the P-30 gel filtration. For
the preparative work the large column used for the P-200 gel filtration
earlier described in this section was used. The pouring procedure
described for the P-2 gel was only modified by using 4 psi air pressure
to pack the column to a height of B85 om. The column was equilibrated
with one liter of 0.2 M NaCl at a 10 ml/hr flow rate. The flow rate
was maintained with a Model H Militon Roy Mini Pump (Milten Roy Co.,
Philadelphia, Pa,) comnnected to the columm as described for the P-2
column., The colwmn temperature was 20°C during the development, The
column was loaded as before with 15 ml of the whole hydrolysate and 3 ml
fractions were collected and analyzed with the autoanalyzer method., The
void volume of the column was determined by passing a 9 ml load
(20 mg/ml) of the protein phytohemagglutinin through the column at a
30 ml/hr flow rate. The 3 ml fractions collected wers analyzed by the

autoanalyzer method.



For smaller amounts of material the 2 x 60 em column used for the
P~2 gel was packed with the P-30 gel at 4 psi air presaure to a height
of 50 cm and equilibrated with 250 ml of 0.2 ¥ NaCl at a 10 ml/hr flow
rate. The column temperature was at 20°C during the development. The
whole hydrolysate was loaded as described and eluted with 0.2 M NaCl
at a 10 mi/hr flow rate. The 3 ml fractions collected were analyzed
for peptide and carbohydrate.

J. Ion Exchange Chromatography of Glycopeptides

The separation and isolation of the glycopeptides was performed
by cation and anion exchange column chromatography.

The sulfonated polystyrene resin AG 50W-X2 used for the cation
exchange chromatography was obtained in the hydrogen Fform from Bio-Rad
Laboratories (lot 4#39¢-29, B 1219). The given mesh size was 270-325
and the exchange capacity was 0.7 meq/mi vesin bed. The resin and
buffers were prepared according to the methods of Schroeder, Jones,
Cormick and McCalla (44). The final wash was substituted for by a
0.1 M pH 2,78 pyridine buffer’,

A 0.9 % 70 cm jacketed colwmn (Scientific Giass Co., Bloomfield,
Hed.) with a medium poroesity filter was used., The colum temperature
was raised to 50°C and 5 ml of the pH 2.78 buffer was poured into the
column. A well-mixed suspension of 1 part resin and 2 parts pH 2.78
buffer was then poured into the column and allowed to settle, When the
settled resin height was 3 cm, 20 psi air pressure was applied and the

2 This buffer was prepared by using haif the quantity of pyridine
required for the pH 3.1 buffer.
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packing continued. To avoid layering effects additions of the mixed
resin suspension were made when the top of the unsettled resin was
about 5 em from the surface of the packed resin. The Final packed
resin height was 60 cm.

Before loading the column it was equilibrated with 250 ml of the
pH 2,78 buffer at a 30 ml/hr flow rate maintained with a Model H
Milton Roy Mini Pumpa. The peptide solutions to be loaded were
concentrated to 3-4 ml by flash evaporation and adjusted to pH 2.0
with glacial acetic acid.

Separation of the peptides was effected by developing the column
with a linear gra&ient produced by a 2-chambered Buchler Varigrad
assembly. Two different buffer systems were used. System A: The
mixing vessel which was connected to the punp contained 250 ml of the
pH 2,78 buffer. The second vessel contained 250 ml of pH 5, 2 8
pyridine buffer. System B: 250 ml of the pH 2.78 buffer was placed
in the mixing vessel. The second vessel contained 250 ml of a 0,3 N
pyridine buffer pH 3.6. The 0.3 N buffer was prepared by using 96.8
ml pyridine per 4 liters of buffer instead of the G645 ml required for
the pH 5 buffer. The acetic acid and water proportions remained the
same,

The columns were eluted with a 30 ml/hr flow rate. The column
temperature was 50°C during development. The 3 ml fractions collected

were analyzed for peptide and carbohydrate.

: Kindly loaned for use by Dr. J. T, Van Bruggen,
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The strongly basic quarternary ammonium resin AG 1-X2 used was
obtained in the chloride form from Bio-Rad Laboratories (lot 5572-26,

B 1278). The given wet mesh range was 80-100 and the exchange capacity
was 0.8 meq/ml resin bed. The vesin was prepared according to the
methods of Schroeder et al. (4#4), The resin was converted to the borate
form by substituting the final wash with a 0.1 M potassium tetraborate
solution., Three further washings were made with 2 liter portions of a
0.01 M, pH 9.0 pofassium borate buffer. The latter buffer was prepared
by mixing 0.01 M potassium tetraborate and 0.0l M boric acid solutions
together to obtain the desired pH 9.0.

A 0.9 x 50 cm jacketed column (Scientific Glass Co.) with a medium
porosity filter was used. The column temperature was adjusted to 25°C.
The transfer tip of the column was raised and ¥ ml of the pH 9.0 buffer
wag pourad into the colum. A 0.9 x 40 cm column extension {Scientific
‘Glass Co.) was connected to the column and both were filled with a well-
mixed suspension of 1 part vesin and 2 parts pH 9.0 buffer. When the
settled resin height reached 5 cm, the transfer tip was lowered and the
resin packed with 10 psi air pressure. The final packed resin height
was 42 cm. The columm was then equilibrated with 250 ml of the pH 9.0
buffer at a 15 ml/hr flow rate maintained with a Milton Roy Mini Pump.

Immediately before loading the columm, the top 2 cm of yellowish
resin was vemoved and the peptide solutions applied. The peptide
solutions were obtained from P-2 gel filtration chromatography columns
which had been eluted with the 0.01 M, pH 9.0 borate buffer.

The peptide separation was effected by developing the column with



a 3-chamber gradient system produced by a Buchler Varigrad assembly.
The mixing vessel contained 0.01 M pH 9.0 potassium borate buffer. The
second vessel contained 0,01 M, pH 9.0 potassium borate buffer which
was made 0.5 molar in NaCl. The addition of the NaCl lowered the pH
to 8.78. The third vessel contained 0.8 M boriec acid (pH 3.68). As
the densities of these buffers are quite different, 100 ml of the
described buffer was placed in the second vessel. Both the mixing and
third vessels were balanced against the second,

This gradient system was started immediately after the column was
loaded. The column was eluted at a 15 ml/hr flow rate. The column
temperature was 25°C during development. The 3 ml fractions collected
were analyzed for peptide and carbohydvrate.

K, Automated Analyses of Column Eluate Fractions

To locate the glycopeptides in the chromatographic fractions an
automated procedure employing a Technicon AutoAnalyzer (Technicon
Chromatography Corp., Chauncey, N.Y.) was developed., Fig. 2 is a
sahematic diagram of the system used. The upper manifold (upper 5
tubes on the proportioning pump) and its train were used for carbohydrate
analyses on the fractions. The‘carbohydrate reagent used was a 0.2%
(w/v) a-naphthol solution in concentrated sulfuric acid (45). The
a-naphthol was dissolved in the sulfuric acid by continual stirring and
the solution was allowed to stand at room temperature in the dark for 8
hours before use.

The diluent tube on the manifeld was connected to a supply of

distilled deionized water. Acidflex tubing provided by Technicon was
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Figure 2.
Diagram of system used for the ninhydein and a~naphthol
analyses of chromatographic fractions with the Technicon

Autodnalyzer.
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uged for the manifold veagent and drain tubes and for all transfer
tubing. Solvaflex tubing was used for all other tubes of the system,

The lower portion of the manifold (the 5 lower tubes on the
proportioning pump) and its train were used for ninhydrin analyses on
the fractions, The ninhydrin and pH 5.2 citrate diluent buffer were
the same as that used for the amino acid analyzer (46).

Both colorimeters were equipped with a 570 mu filter and a #3
aperture between the light source and the flow cell. A 570 mp filter
and #2 aperture was used between the light source and the zerc control
unit,

The results were recorded with a triple point recorder supplied by
Technicen. Two channels were used for the carbohydrate analyses and
one channel was used for the ninhydrin analyses.

The varible power control on the proportioning pump was set at
100, delivering the maximum flow through the described system.

This automated method was a rapid znd time-saving procedure. It
was a conservative method for only 0.15 ml of each fraction was required
For both analyses. The linearity of response, although not perfect, was
good enough that per cent recoveries of the colum lozd were zalculable,
To decrease the effect of the non-linear portion of the response curve,
four standards were prepared by diluting z sample of the load material
in the buffer system used for the column. Using the following equation

the total amount recovered from the column was calculated,

p o 100 X 0Dt xVxCgxD

ODg = A (5)
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In this equation P is the per cent recovered of the load, A, in a
fraction containing a volume, V. The net optical density of a given
fraction is OD¢. If this fraction was diluted before the assay, then
the dijlutiom factor, D, must be used. ODg is the optical density of
the standard having the concentration Cg. The standard used is that
one which matches closest the fraction being considered.

Le Amino Acid Analyses

Amino acid and glucosamine analyses of the peptides were performed
according to the methods of Moore, Spackman and Stein (47) as modified
by Benson and Patterson (48), using spherical bead resins for shorter
development times. A Spinco Model 120 amino acid analyzer was used for
the analyses. It waz eguipped with the long-path flow cell described
by Jones and Weiss (49) for increased sensitivity. A Hodel CRS-124B
digital read-out system (Infotronics Corp., Houston, Texas) connected
to the photocell output of the analyzer facilitated the quantitative
computations of the amino acids.

The volatile buffer solutions of the isolated peptides were flash
evaporated to dryness. The dried peptides were transferred from the
evaporator flasks to Kontes K-56125 round bottom drying ampules (Kontes
Glass Co., N.J,) with three 1 ml washes of a 9% w/v phenol solution in
6 N HCl. The ampules were evacuated with a vacuum pump and sealed.

The peptides were hydrolyzed for 22 hours at 110°C in a Temp-Blok Module
Heater (Lab-Line Instruments Inc., Chicago, I11.). Following hydrolysis
the hydrolysates were transferred with three 1 ml water washes to

evaporator flasks and flash evaporated to dryness. The dried amino acids



were dissolved in the pH 2.2 sample dilutor buffer and 1.0 ml of their
solutions were applisd to the columns of the analyzer. The volume Of‘
the sample buffer used was dependent upon the relative amount of the
amine acid solutions required to give optimum color production with
the analyzer system.

M. Thin Layer Chromatography

For qualitative analyses of the monosaccharide components of the
phytohemagglutinin, two-dimensional cellulose thin layer chromatography
was employed according to the methods of Vomhof and Tucker (50). The
slurries were prepared with Mi-cellulose powder 200 (Macheray, Nagel
and Co., Duven, Sermany) and 0.37 mm layers were spread on 20 % 20 em
glass plates., Desaga/Brinkmann (Brinkmann Instruments, Westbury, N.Y.)
equipment was usad for the thin layer procedures.

To libarate the sugars from the protein, 20 mgs of the salt-free,
lyephilized phytohemagglutinin were placed in a Kontes X-55125 vound
bottom drying ampule and 4.0 =l of 1.0 Y sulfuric acld were added. The
ampule was avacuated with a vacuum pump and sealed with a Fflame. The
protein was hydrolyzed for 6 hours at 100°C in a Temp-Blok Module Heater.
Following hydrolysis the hydrolysate was transfarred to a 15 ml conical
centrifuge tube with three 1 m) water washes and neutralized with solid
barium carbonate. The insoluble material was removed by centrifugation
at 6000 rpm for 30 minutes. The supernatent was flash evaporated to
dryness and redlssolved in 1 ml of a 10% (v/v) iso-propanol in water
solution. As a control 3 mgs each of D (+) galactose (lot 114B-5370),

D {+) xylose (lot 114B-1880), D (+) mannose (lot 55B-1930), D (+)
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glucosamine-HCl {lot 7uB-2040), aD (+) glucose (lot 35B-1590), D (+)
fucose {lot 124D-1600) and D (-) arabinose™ (lot 123B-1450) Signa grade
(Sigma Chemical Co., 5t. Louis, Mo,) wers placed in an ampule and
treated in a mauner identical to that described for the proteln. An
unhydroliyzed mixed stendard was prepared by dissolving 1.0 mg of each
augar in 10 ml of a 10% (v/v) iso-propancl in water solution, A
separate D galactosamine-!C1 (Mann Research Laboratories, Inc., New
York) standard was prepared by dissolving 1 mg in the 10% v/v iso-
propanol,

After the sarples were applied the plates wers developed two times
in the fipst dimension with a develeoper described by Tink, Cline and
Pink {51) which had a composition of formlie aclid-methyl othyl ketone-.
tert.-butyl alcohol-water {15:30:45:15, v/v)}. The second dimension was
develcped a single ¢ime with a Jdevelopar described by Gordon, Thornburg
and Werum (52) which had a composition of 2-propanol-pyridine-acetic acid-
water (8:8:1:4, v/v). Tws huadred millilite@s of the devaeloper was placed
in the chromatographic tank 45 minutes bafore the plates werz added,

The temperature of dsvelopment was 32°0.

The methol of detection usad was that of Trevelyan, Procter and
Harrison (53}, Since the background rapidly becomesz dark by the reduced
silver, the sugar spots were Impediately cirelad with a sherp percll
when thay appeared, Treatment of the plates with 2 wash in 5%

thiosulfate solution followed by a water wash was omitted because the

% Kindly provided by Dr. P. J. Bentley.



layer would peal from the plate. However, when this technique was
tried, a permanent light brown background would result and the sugar
spots could be seen,

For a permanent record the plates with thelr circled spots were

traced onto a piece of onionskin paper.

37
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III. RESULTS
A. Phytochemagglutinin Preparation

The general precautions of maintaining a low pH during the
ammonium sulfate extraction, keeping all solutions at low
temperature, preventing the production of foam, and making clean
separations of precipitates from supernatents were taken. The
most important step in this preparation procedure is the adjust-
ment of the three parameters, pH, protein concentration, and
conductivity, of the dialysate obtained following a 50% volume
increase by the tap water dialysis of the dissolved 75% ammonium
sulfate precipitate. The reported values for these parameters
are a pH of 3.90, a protein concentration of 55 mg/ml and a
specific conductivity of 8 x 10°% mho em™1 (15).

For the preparation used in these studies these parameters
were matched satisfactorily. Following dialysis a 49.6% volume
increase was obsesvved. The dialysate was adjusted to the covrrect
volume by the addition of distilled water. A one to one hundred
dilution of the dialysate gave an optical density reading of 0.5u8,
This is equivalent to 54.8 mg of protein per milliliter of
solution. The total resistance as measured according to the
methods described was 5917.4 ohme at 209C. Using equation (1)
the resistance of the cell was calculated as 1.667 x 10" ohms.
Using equation (%) the specific conductivity of the solution was

caleulated as 8.6% x 10" mho em”l, From the ten kilograms of



beans processed, 20.4% grams salt-free, lyophilized protein were
obtained, This preparation will be referred to by the code FP-&.
The yield obtained was the same as that reported for this
purification procedure (30).

To determine the purity of this preparation 10 mg of the
protein was dissolved in 1 ml of a 0.1 M NaCl solution and
centrifuged at 59,780 rpm in the ultracentrifuge. The ultra-
centrifugal pattern is given in Fig. 3a. From this pattern it
can be seen that & very minor component, sedimenting faster than
the larger component, is present.

The results of the starch-gel electrophoresis of this prepar-
ation at pH's 8.1 and 2.0 ave given in Fig. # a and b. The amount
of protein loaded on these gels was approximately 1.75 mg. The
F-6 preparation was compared to a preparation that was shown
homogenecus by 12 criteria of homogeneity (labeled E-5)., A-5 is
an impure fraction taken during the purification procedure.
Comparison of the patterns of the F-8 with the E-5 demonstrates
that the F-6 is identical to the E-5 in terms of electrophoretic
homogeneity.

Further evidence for the purity of the F-6 was obtained by
comparing its agglutinating activity to that of the E-5 and A-5.
The results of this titration are given in Table II, Ten mg of
each preparation was dissolved in 1.0 ml of a buffered pH 7, 0.1%

M NaCl solution. These protein solutions were then serially

39
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Figure 3.

Ultracentrifuge Patterns:

a) Phytohemagglutinin preparation F-6. Concentration
10 mg/ml. First frame taken 7 min. after 59,780 rpnm
was reached. Folléwing frames 16 min. apart.

b) Comparison of F-6 fractions‘removed from fixed
partition cell. Top pattern: 11.1 mg/ml solution of
bottom fraction. Bottom pattern: 14.7 mg/ml solution
of top fraction. Times from right to left after
reaching 59,780 rpm: 5, 8, 10, 12, 14 and 16 minutes.

c) Component III from P-200 gel filtration column -
concentration 10 mg/ml. First frame taken 7 min. after
59,780 rpm was reached. Following frames 16 min.

apart,
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Figure 4,

Photographs of starch gel electrophoreses of phytohemagglutinin
preparations F-€, M-7 pure fractions; A-5 impure fraction;

E-5 homogeneous control.

a) Discontinucus tris-borate buffer system, pH 8.1

b) Glycine-HC1l buffer system, pH 2.0
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TABLE 11

AGGLUTINATING ACTIVITY TITRATION
OF PHYTOHEMAGGLUTININ FRACTIONS

Serial Final

Dilutions bilutions E-5 F-6 A-5

(ugm/ml) (ugm/ml) Bl . o
500 ' 250 + ¥ +
200 100 * 4+ +
100 50 + + +
590 25 + + +
20 0 +* + ;-
10 5 + + +
5 2.5 + + +
2 1.0 + + -
1 0.5 * + -
0.5 0.25 : 4 -
0.2 0,1 - - =
0.1 0,08 - - -
0,05 0.025 - - -

Control (-)
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diluted with buffered saline to give the concentrations in the first
column. To a 0.5 ml aliquot of each dilution was added 0.5 ml of a
0.25% bufferad saline suspension of fresh erythrocytes, making the
final concentrations given in the second colum, The tubes were
incubated over night at 20°C and given positive (+) or negative (-)
scores according to the deseribed method, As a negative control
0.5 ml buffered saline was added to 0.5 ml of the 0.25% erythrocyte
suspension. As can be judged by these titres on the basis of the
lowest concentration which causes agglutination (i.e., 0.25 pgm)
both F-6 and E-5 appear to be identical. Thus the preparation
appeared pure enough to begin studies on the glycopeptides. The
small component observed in the ultracentrifugal analyses was
regarded as a negligible contaminant.

When the tryptic hydrolysate of F-6 was chromatographed on the
AG S0W-X2 cation exchange column, employing system A as a developer,
a component was eluted with the buffer front from the column which
contained a considerable amount of carbohydrate but little or no
ninhydrin color, In Fig. 5 this component is labeled "PSC". A
similar compenent devoid of ninhydrin color but contalning carbo-
hydrate was eluted from the 2.2 x 85 cm P-30 preparative column
{(Fig. 6). This component appeared after 80 wml of the 0.2 M NaCl
developer had been passed through the column, whereas the remainder
of the carbohydrate did not begin to appear in the column effluent

until 165 ml of the developer was collected. TFrom this evidence it
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Figure 5.
Beparation of peptides in a whole tryptic hydrolysate of

F-6 on 4G 50W-X2 using developer system A,
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Figure 6.
Chromatogram from P-30 polyacrylamide gel filtration of
a whole tryptic hydrolysate of I'-G. Colurm 2.2 x 85 cm.

Developer 0.2 M NaCl
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was postulated that the PSC was a large molecular weight poly-
saccharide contaminant in the P-6 preparation. This contaminant
represented 5% of the total carbohydrate present in the preparation.
To conclusively demonstrate that this component was in fact a
contaminant, the fast zedimenting component observed by ultracentrifugal
analyses was separated from the larger, slower component by ultra-
centrifugation employing the fixed partition cell. A 49 mg/ml
solution of the F-& was prepared im 0.1 M HaCl. 'Two millilizers
were placed in the 30 mm fixed partition cell and centrifuged at
50,740 rpm. When the major component had sedimented to a position
half way between the miniscus and the partition, the ultracentrifuge
was stopped and the solutions above and below the partition were
removed and kept separvate. Three runs of this type were performed.
The top and bottem fractions were then analyzed Iin separate
cells, A 1° wedge window was used so that the solutions could be
compared under identlcal conditions. In Fig. 3b the upper pattern
iz that of the bottom fraction taken from the partitiom cell, The
lower pattern of the plate is that of the top fraction. The con-
centrations of the top and bottom fractions as measured by the
optical density of their solutions were 14,7 and 11,1 mg/ml,
respectively. As can be observed, the fast minor component iz no
longer present in the top fraction, whereas its concentration in
the bottom fraction appears to be greater than that of the original

F-§ shown in Tig, 3a.
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The two fractions were hydrolyzed with tvypsin and their
hydrolysates were chromatographed on the 2 x 50 cm column of P-30
polyacrylamide gel. In both cases 45.3 mg of protein, as measured
by the optical demsities of their solutions, were hydrolyzed., The
whole hydrolysate of each fraction was placed on the P-30 column
and eluted with 0.2 M NaCl at a flow rate of 10 ml/hr. Only the
carbohydrate analyses were perfbrmedvon the fractions. The
chromatograms of the two fractions are given in Fig., 7. Chromatogram
(a) is that of the top fraction and (b) is that of the bottom
fraction. Although a small amount of the contaminant was still
present in the top fraction, considerably more was found in the
bottom fraction. This evidence indicates that the Ffirst carbo-
hydrate camponent of the tryptic hydrolysate of F-6 eluted from
the P-30 polyacrilamide gel columns originates from the small
contaminant of F-6 observed by ultracentrifugation.

To study the carbohydrate portion of the F-6 it is evident
that this contaminant must be removed from fhe preparation, This
separation was performed with the large 2,2 x 85 cm preparative
column packed with P-200 polyacrylamide gel. The operating range
of this gel was given as 80,000 to 130,000 molecular weight. Beoth
100 and 200 mg lcads were applied to the column and in both cases
the results were the same, Fig. 8 is a representative chromato-
gram of a run in which a 100 mg load was used. It can be seen

that a contaminant, I, very rich in carbohydrate is readily
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Figure 7.

Chromatograms of whole tryptic hydrolysates of 42 mg of
the F~-6 fractions removed from the fixed partition
ultracentrifuge cell. a) Top fraction b) Bottom fracticn

Colum 2 x £ cm. Developer 0.2 M NaCl.
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Flgure 8,

Chromatogram of the P-200 polyacrylamide gel filtration
of F-8, Load: 100 mg in 3 ml. Column 2.2 x 85 cm,
Developer: 0.2 ¥ NaCl. Hatched rectangle marks fractioms

pooled.
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separated from the protein, III. This contaminant is presumably
identical to the fast sedimenting component in the ultracentrifuge,
which is responsible for the appearance of the PSC component in

the tryptic hydrolysates of F-6. Another component, II, with a
molecular weight slightly larger than that of component III, but

of very similar carbohydrate content, was also observed., One of
the fractions collected from the maximum of each component was
tested for agglutinating activity by placing a drop of the fraction
on a glass slide and adding to it a drop of a 1:1 dilution of whole
blood with buffered saline. No agglutination was observed in
component I. The activity of component III was much greater than
that of component II. Thus component III was taken to be the
phytohemagglutinin, The fractions of III included under the

hashed rectangle (Fig. 8) were pooled, concentrated by ultra-
filtration, dialyzed against three changes of distilled, deionized
water and lyophilized. One hundred milligrams of the lyophilized
material was dissolved in 3 ml of 0.3 M NaCl and rechromatographed
on the P-200 columm, Fig. 9 is the chromatogram of this run.
Although contaminant I was no longer present, a small peak of
ninhydrin color and 280 absorbing material was present in its
position. Components II and III were both present in what appeared
to be the same relative concentrations as before. Ten milligrams
of the lyophilized component III was dissolved in 1 ml of 0.1 M NaCl

and analyzed in the ultracentrifuge. The ultracentrifugal pattern
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Figure 2.
Chromatogram of the rechromatography of component IIY
on the P-200 polyacrylamide gel column. Load: 100 mg

in 3 ml. Column: 2.2 x 85 cm. Developer: 0.2 M NaCl.
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of this analysis is shown in Fig. 3c. Two components were again
present., By comparing the patterns and the time interval between

each frame it can be seen that the minor sedimenting component in

Fig. 3¢ did not move away from the major component as rapldly as

the minor contaminant did in Fig. 3 a and b. Thus the ultracentrifugal
analyses were consistent with the results obtained by the P-200

gel filtration.

A comparison of the AG 50W-X2 cation column chromatograms of
the tryptic hydrolysates of F-6 and of component III revealed that the
only difference between them was that the PSC was missing from the
III preparation. Therefore, the III was used for all further
studies.

B, Tryptic Hydrolyses

The procedure for the tryptic hydrolysis was adapted for the
phytohemagglutinin after the hemoglobin method of Ingram (42).
Numerous workers have observed the phytohemsgglutinin to be
relatively stable to heat (15,54). For this reason a 30 minute
denaturation period in a boiling water bath was used instead of 10
minutes. The condenser arrangement which was described under methods
was used to prevent evaporation of the buffer, The protein was
dissolved in the 0.05 M pH 6.6 acetate buffer. In this buffer the
protein was partially dissolved and partially suspended as a fine
precipitate, When this sclution was placed in the bolling water bath

the fine precipitate was dissolved and the solution became very
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clear vhen a temperature of about 85°C was reached. The protein
coagulated and precipitated out of solution as the temperature
increased.

Optimum hydrolysis by acid activated trypsin requires & pH
near 8, For each peptide bend that is cleaved a protenm is
liberated into the solution, To maintain the pH 8 optimum, constant
addition of base is required. Thus the progress of the hydrolysis
was observed by the rate at which base was added to the hydrolysate.
The hydrolysis was considered complete when no further additions
of base occurred over a three-hour period.

The tryptic hydrolyses were carried out using 100 or 200 mg
portions of the phytohemagglutinin. Approximately 8 hours after
the begirning, the hydrolysate was a clear, yellow-brown solution.
At this point base was still being added at a freguent rate and,
thevefore, the hydrolysis was allowed to continue.

During the early part of this work the end point of the
hydrolysis was difflcult to judge. Hydrolyses allowed to continue
for as long as 72 hours were still being titrated with base and a
3-hour pericd in which no further base was added was never achieved.
In some cases the hydrolysates would become cloudy after having been
clear solutions for about 12 hours,

Two pessibilities were considered that might cause this
difficulty. The Ffirst was that the hydrolysate was taking up

carbon dioxide from the atmosphere and the carbonic acid produced was
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being titrated by the base. However, the rate of base addition was
greater than cne would expect from carbon dioxide diésolving in &
solution at 40°C and when the pH stat vessel was sealed off from
the atmosphere the problem was uncorrected, The second possibility
was that bacterial contamination might produce acidic metabolic
products which would be titrated by the base. A sample of a 24
hour hydrolysate was vemoved from the pH stat vessel and spread on
the media described (vide supra). After 9 hours of incubation at
379C all plates were covered completely by bacteria. The bacteria
were found to be motile, Gram negative bacilli. The fermentation
tests were negative to both gas and acid preduction. After 24 hours
of incubation the TSI slants were characterized by an orange-red
butt. From the results of these tests the bacteria were tentatively

identified ag the enteric bacteriam, Alcaligenes fecalls with the

possibility of the pseudomonads not ruled out.

The results of the antibiotic sensitivity tests are given in
Table I. After 24 hours of incubation at 37°C the greatest avea of
inhibition was around the tetracycline sensitivity disc.

The amount of tetracycline te be added to the hydrolysate was
determined by calculating the ratio of the amount of tetracycline
on the sensitivity dise to the volume encompassed hy the cirele of
inhibition. The area inhibited was 2 em in diameter and the gel was
0.5 cm thick. The volume of gel inhibited was caleulated as 1.57 ml

and the amount of tetracyecline in this volume was 5 ugm. Therefore,
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ANTIBIOTICS TESTED FOR BACTERIAL SENSITIVITY

Antiblotic

Coly~-Myein
Kanamycin
Chloromycetin
Novoblocin
Ristocetin
Tetracycline
Peniclillin
Vanomycin

Heomyein

&

Amount
ggesenﬁ

2 ugm
30 ugm
5 ugm
5 ugm
5 ugm
5 ugnm

? units

+ = inhibition of growth

Inaubatian*
Time
9 2n
+ 4
+ +
m m
+ 4

- no inhibition of growth

n = minimal growth

Source

Balt., Biol. Lab.
(Paltimore, Md.)

" " 1%

Difco Lab.
{Detroit, Mich.)
141

i
% ik
" ”

i) "

Rl L4

i L
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a concentration of 5 pgm/1,57 ml or 3.2 pgm/ml of hydrolysate was
used. With that concentration of tetracycline in the hydrolysates
no further problems with bacteria were encountered. A decisive end
point occurred after 24 hours of hydrolysis.

Referring again to Ingram's procedure, immediately after the
hydrolysis the hydrolysate was adjusted to pH 6.5 and boiled for
four minutes to inactivate the trypsin, Following this procedure,
a large quantity of a gelatinous precipitate was obtained after
boiling the hydrolyzed phytohemagglutinin. This precipitate was
insoluble in water and 50% acetic acid. The precipitate and
supernatent were separated by centrifugation at 37,000 x g for 30
minutes. Both of these fractions contained carbohydrate, It was
felt undesirable to make a fractionation of the hydrolysate at this
stage and therefore, the pH adjustment and boiling steps were
eliminated from the procedure. For the vemoval of the trypsin the
whole hydrolysate was subjected to gel filtration.

C. Gel Filtrvation of Tryptic Hydrolysates

In addition to the removal of the trypsin from the hydrolysate,
the use of the polyacrylamide gel filtration made it posszible to
change the buffer system of the hydrolysate as well. The possibility
also existe& that some separation of the glycopeptides from each
other or the sepavation of the non-glycopeptides from the glycopeptide
fraction could be achieved by this method. When the whole hydroly-

sate was placed on the 2.2 x 85 om P-30 preparative column, a
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chromatogram like that in Fig., 6 was obtained., Disregarding the

PSC peak, the peptides were eluted as a single broad component

with the glycopeptides predominantly in the front of the peak.

That a buffer change did occur with the glycopeptide fraction may
be assumed because the smaller non-glycopeptides which must be
larger than the buffer ions were being eluted after the glycopeptide
fraction.

The PSC component was found to be eluted after 83 ml of
developer had passed through the column, which corvesponds with
the 80 ml found when the phytohemagglutinin or normal human
hemoglobin was used to determine the void volume. From this it can
be seen that the PSC component can be used as an internal control
for the void volume and that its molecular weight must be greater
than 20,000. It also can be seen that the glycopeptides were
retarded by the P-30 column Ffor their elution volume was 184 ml,
For this type of chromatography the Rg value is defined by the
guotient, void volume/elution volume (55). Using the above elution
figures the calculated Rg for the glycopeptides that first appear
from the column was 80/18% or 0,45,

Similar chromatograms weré obtained when the whole hydrolysate
was placed on the 2 x 50 cm column of P-30 gel (Fig. 7). The
position of the PSC peak in Fig. 7b indicates that the void volume
was 42 ml. The elution volume of the first glycopeptides to appear

was 78 ml. The Rg for the glycopeptides on this column was 42/78
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or 0.54, A plot of the log molecular weight versus Rg shows that
substances with Rf values of 0.6 and lower have corresponding
molecular weights of 10,000 and lower (55). The molecular weight
of trypsin has been given as 23,800 (56). From the plot, trypsin
should have had a Rg of 0.84, Therefore, the trypsin must have
been removed from the glycopeptides as it should have been eluted
somewhere between the PSC peak and the first glycopeptides.
However, it was not possible to detect the trypsin because of its
low concentration in the hydrolysate and to the sensitivity of the
ninhydrin wethod.

The fact that no distincet separation of the peptides occurred
is reasonable if one considers that the hydrolysate is a mixture
of peptides which have a broad range of molecular weights.

A disadvantage of the P-30 gel system was the time required to
elute the peptides from the column, With the only advantage of
this system being its ability to change the buffer system of the
peptide mixture, the P-30 was substituted by the 2 x 50 em column
of P-2 gel. The time of elution of the peptides from the P-2
column was 1.5 hours as compared to the 26 hours required for the
2 x 50 cm colum of P-30. The first buffer system used for the P-2
gel column was the beginning pH 8 borate buffer employed in the
AG 1-X2 anion exchange chromatography. In this buffer the peptides
weye soluble., A 5 ml portion of the whole hydrolysate produced a

chromatogram similar to that in Fig. 10 with the exceptlion that the



Figure 10.
Chromatogram of whole tryptic hydrolysate of component III
on a P-2 polyacrylanids gel column. Daveloper: 0.5 M

azetic acld, Column: 2 x 39 eom.
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second carbohydrate peak was missing. In those runs where the PSC
was present, there was no separation of it from the larger glyco~
peptides. Assuming that no interaction between the gel and the
peptides occurred, the void volume of this column was 45 ml. By
pooling just the tubes containing carbohydrate a large amount of
the smaller non-glycopeptides were removed. Thus the 45-78 ml
fraction was used for the AG 1-X2 chromatography.

For the AG 50W-¥X2 cation exchange chromatography it was desir-
able to have the glycopeptides in a pll 2 system before loading the
column. Both 50% and 0.5 M acetic acid solutions were used. The
P-2 gel column was equilibrated with 1 liter of the acetic zeid
solution and then loaded with a 5 ml portion of the whole hydrolysate.
Fig. 10 i= a chromatogram of the elution of the peptides from the
P-2 column with 0.5 M acetic acid. The same results were obtained
with the 50% acetic acid. With this system the two carbohydrate-
eontaining compenents P-Gl and P-G2 were obtained. The fractions
included under the hatched rectangles were pooled separately and
chromatographed on the AG 50W-X2? cation exchange columm using system
4 as the developer. 2Ry comparing Fig. 11 a and b with the chromato-
gram of the whole hydrolysate in Fig. 5 it was apparent that the
P-Gl from the P-2 gel column contained the GP-A and GP-E peptides
whereas the P-G2 from the P-2 gel contained the GP-C.

Haking the same assumption as before, the vold volume of the

P-2 columm was about 45 ml. The P-G2 first appeared in the effluent
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Figure 1.
Chromatograms from the AG 50W-X2 chromatography of the
glycopeptide fractions P-Gl and P-G2 obtained from P-2

gel colusmm,. Developer system A, a) P-Gl. b) P-G2,
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at about 120 ml. Using these figures, the Rg of the P-G2 was
calculated as 45/12C or 0.38, Referring again to the log M.W. vs
Rg plot, substances with Ry values of 0.52 and lower have correspond-
ing molecular weights of 150 and lower. At later stages of
purification the P-G2 was found teo produce both ninhydrin and
carbohydrate color, Assuming the P-G2 contained only one mono-
saccharide residue and one amino acid residue, it would have a
molecular weight greater than 200. It was concluded that more
than filtration was taking place and that an adsorption phenomenon
was occurring on the P-2 gel. The P-Gl fraction being eluted froém
the column in the void volume had a Rg of 1.0. From the plot
substances with a Rg 1.0 have a corresponding molecular weight of
3000 or more. As eavlier noted the glycopeptides had a Rf of 0.54
on the P-30 gel which corresponds to having molecular weights below
10,000, Thus it appears that the tryptic glycopeptides of the
phytohemagglutinin have molecular weights in the range of 3000 to
about 98000,
D. AG 50W-X2 Cation Exchange Chromatography

During the early part of this work the supernatents from the
boiled tryptic hydrolysates were flash evaporated down teo about
4 ml and the concentrate was adjusted te pH 2 with 1 N HCl. The
pH adjustment caused a white precipitate to form which was removed
by centrifugation before the solution was loaded on the cation

exchange column. The peptides were eluted from the column with



developer A. The glycopeptides shown in Fig., 5 were all present in
the solution and a 100% recovery of the carbohydrate load was
cbtained. The gelatinous precipitate recovered afterthe hydrolysate
was boiled was resuspended in the beginning buffer of developer A,
centrifuged and the supernatent was chromatographed on the same
system, Repeating this procedure three times resulted in an
identical glycopeptide pattern, with the relative amount of carbo-
hydrate becoming smaller with successive washes. The washed
gelatinous precipitate yielded a positive carbohydrate test.

A =zimilar gelatinous residue was produced when the whole
hydrolysate was placed on the P-2 polyacrylamide gel columns developed
with the acetic acid solutions. However, the carbohydrate loaded
on these columns was fully recovered and when chromatographed on
the cation exchange column only those glycopeptides shown In Fig. §
were obtained.

The CP-A from a number of runs was pooled and concentrated by
flash evaporation. During the concentration a white precipitate
formed that was insoluble in the beginning buffer of developer A,

A sample of the suspension of the concentrate was loaded on the
cation exchange colump and eluted with the begimning buffer only.

A small peak was eluted that appeared directly after the CP-A. Im
some chromatograms of the whole hydrolysate a similar peak was
observed as a pronounced shoulder to the GP-A. When the precipitate
was removed from the CGP-A concentrate and the supernatent chromato-

graphed, the small peak was missing from the chromatogram. The
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precipitate was resuspended in the beginning developer A buffer,
centrifuged and the supernatent chromatographed. From the chromato-
gram it was observed that a very small amount of GP-A was present
in the supernatent. The washed precipitate did not appear to have
decreased in its packed wolume. Thus it appears probable that more
than one glycopeptide was present in GF-A.

From the chromatogram in Fig. 5 it was apparent that GP-B was
also heterogenecus., This glycopeptide fraction was concentrated
by flash evaporation and rechromatographed on the cation exchange
column using developer B. From the chromatogram in Fig. 12 it was
observed that the GP-B fraction contained at least five glyco-
peptides. Thus, if two tryptic glycopeptides are present in GP-A,
five in GP-B and one in GP-C, then there are eight tryptic glyco-
peptides present in the phytohemagglutinin.
E., AG 1-X2 Anion Exchange Chromatography

The glycopeptide fraction obtained from the P-2 gel column
developed with the 0.01 M, pH 9.0 borate buffer was concentrated to
a volume of 4 ml by flash evaporation. The concentrate was loaded
on the column and eluted with the buffer gradient system described
(vide supra). The results of this chromatography are shown in Fig. 13.
The same figure shows the gradient curves for the borate ion and NaCl
concentrations. The concentrations for these curves were calculated

using a theoretical equation (57).
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Figure 12,
Chromatogram of the rechromatography of GP-B on AGC 50W-X2

using developer system B, Since GP-B and GP-Bo were not

well separated, they were pooled together and given the

coded GP-Bjgq.
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Figure 13,

Chromatogram of the AG 1-X2 chromatography of the
glycopeptide fraction obtained from a P-2 gel column.

The P-2 gel column was developed with the beginming pH 9.0
borate buffer used for the AG 1-X2 system. The gradient
system shown in the theoretical gradient caleculated with
equation (6) and used for the AG 1-X2 chromatography. The

pH curve was determined empirically. Column size 0.9 x 40 om,
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H-n n-1

%2 (Nii;iziwl)x (1 B %) (l) (6)

In this equation C is the concentration emerging from the mixer
when the volume, v, has been withdrawn from the total volume, V,
of the N chambered gradient system. The egquation is solved for
each chamber, n, with L concentration of the substance being
considered. The C's for each of the chambers are added together
to find the total concentration of the substance at volume v. The
chamber from which the solution is withdrawn is n = 1 and the
chamber furthest removed from the exit point is n = N, It is the
total concentrations that have been plotted in Fig, 13.

The pH curve was found by determining the pH of the fractions
cellected from the column. This curve was found to be reproducible
in each of three runs using this buffer system.

Although the glycopeptides were eluted as a single peak, a
certain degree of purification was achieved as some of the non-
glycopeptides were eliminated. A disadvantage of this system was
that only about 70% of the carbohydrate lcad was recovereqél

The glycopeptide fraction from three runs on this system were
pooled together and concentrated to a volume of 1 ml, To the
concentrate were added 2 ml of the beginning buffer of developer A
for the cation exchange chromatography. A clear light-brown
solution was obtained. To remove the borate and scdium chloride

salts, the concentrate was passed through a 0.9 n 40 om P-2 gel
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column that had been equilibrated with the beginning buffer of
developer A. This column was operated at room temperature with
a flow rate of 30 ml/hr., The 3.3 ml fractions collected were
analyzed for carbohydrate only. The glycopeptides were eluted in
the 17-830 ml fraction and the carbohydrate load was fully recovered,
This fraction was pooled together and was adjusted to pH 2 by the
addition of glacial acetic acid. This fraction was then chromato-
graphed on the cation exchange column using developer system A,
From the chromatogram shown in Fig, 14 it was observed that GP-A
was missing and the relative amount of GP-C was greater than the
GP-B. This observed difference in amounts of GP-B and GP-C was
in contrast to that found when the whole hydrolysate was chromato-
graphed on the cation exchange column (Fig. 5). It was concluded
that GP-A and a portion of GP-B was firmly bound to the anion
exchange resin and was not eluted from the column with the borate
buffer aystem employed. Assuming that the GP-C was completely eluted
from the anion exchange resin, it is conceivable that after its
isolation from the cation exchange column the GP-C could be further
purified by the borate buffer system used with the AG 1-¥2 resin.
F. Amino Acid Analyses of Glycopeptides

The amino acid analyses of the 22-hour acid hydrolysates of the
glycopeptides isolated are given in Tables III-VII. The GP-A was
free of the minor component described earlier. The GP-B fractions

were taken directly from the AG 50 W cation esichange column after
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Figure 14,
Chromatogram of the AG 50W-X2 chromatography of the
glycopeptide fraction obtained from the AG 1-X2

column. Developer: system A.
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Amino
Aeid

Lysine
Histidine
Arginine

- Aspartic Aeid

v Threonine

- Serine

v Glutamic Acid

- Proline
Glycine
Alanine
Cystine
Valine
Methiocnine
Isoleucine
levcine
Tyrosine
Phenylalanine
Glucosanmine

0.0718
0.1691
o
6.0542
0.0061
0.2485

0.5300
- 0,0118

0.3658
0.5769

TABLE II1IX

AMINO ACID AHALYSES OF GP-Bjgo

Cal.
Ratio
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0.08¢

1.00
MQWMW
1.78
1.38
2.91
0.17
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Amino Total

Acid i
Lysine 0.0234
Arginine 0.1381
Aspartic Acid 0.25803
Threonine 0.1151
Serine 0.6890
Glutamic Acid 08,2180
Proline 0.0128
Blyecine 0.0358
Alanine 0.0873
Cystine 0
Yaline 0.0638
Methienine 1)
Isoleueine 0.1078
Leueine 0.2826
Tyrosine 0.00485
Phenylalanine 0.1817
Glucosamine 0.1976

TABLE 1IV.

AMINO ACID ANALYSES OF GP-Bg

Cal,
Ratio

2.17
1,00
1.7%
0.83
1.55
0.09
0.26
0.63

G.u6

0.78
2.08
MW ‘Ow
1.17
1.43

Est.
Ratio

ot

%H{}MFGGQQGEDHHHMWO

0.075¢
0.0925
0.0358
0.0873

O
0.0638

0

0

0
09,0085
0.0238
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Contam,
Ratio
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TABLE V

AMINO ACID ANALYSES OF GP-By

, Cal. Est.
Amino Tetal Cal. Est, Contam. Contam. Contam.
Acid pm Ratic Ratio um (Ag) Ratio Ratio

Lysine 0.0182 0.10 0 0.0182 1,00 1
Arginine 0,1850 1.00 1 o o 0
Aspartic Aeid 0,3220 1.74% 2 0 [t} 0
Threonine 0.1881 - 0.78 1 0 0 0
Serine 0.1002 .54 0orl 0,1002 55 B
CGlutamic Acld 0.2661 l.44 1 0.0811 & .45 L
Proline 0.0174 0,09 o 6.0174 0,95 1
Glycine 0.0572 0.31 0 0.0572 3.1% 3
Alanine 0.07148 0.38 0 0.071% 3,82 i
Cystine 0.0010 0.00 0 4.0010 4] 0
Yaline 0.0889 Q.48 0 0.0850 4.5 5
HMethionine a 0 ¢} o 0 0
Isoleucine 6.3272 Q.69 Borl G.3272 6.98 b 4
Leucine 0.,3500 1.89 £ o 0 4]
Tyrosine 4.0089 0.08 0 0.0089 0.5 i ]
Phenylalanine 6.2183 1.18 1 0.0333 1.8 2
Elucosamine 08,3392 1.83 2 1y o 0
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TABLE VI

AMING ACID ANALYSES OF GP-Bg

Cal. Est.
Amino Total Cal, Est. Contam. Contam, Contam.
Acid M Ratio Ratio wm (Ag) Ratio Ratlio
Lyzine 0.0212 .37 0 3.0212 1.00 1
Arginine 0.0570 1.00 1 0 o 0
Aspartic Acid 0.1119 1.96 2 0 ¢ 0
Threonine 0.0702 1.23 1 9.0132 0.6 DQor 1l
Serine 0.0548 0.99 1 0 2 0
Glutamic Acid 0.1453 Z.55 ? $.0312 3.5 : |
Proline - 0,0231 080 0 0.0231 1 | 1
Glyeine 0.0836 1.47 1 0,0286 1.25 L ]
Alamine 0.0085 8.15 3 2.008% 0.4 ]
Cystine 0.0226 0.59 i} 0.0226 1.08 1
Valine 0,037 0.65 9 0.0385 1.72 2
Methionine ¢ 0 1} ] O G
Isoleucine 0.0580 - 1.02 1 0 D 4
Ieueine 0,1292 2.26 2 0.0151 0.7 1
Tyrosine 0 0 0 i) 0 o
Phenylalanine £.0598 1.05 1 L] 0 0
Glucosamine 0,0821 l.ung lTLor 2 ¢ 4 0




Amino
Acid

Lysine
Arginine
Agpartic Acid
Threonine
Sarine
Slutamic Acid
Proline
Glyelne
Alanine
Cystine
Valipe
Methionine
Iscleucine
Leucine
Tyresine
Phenylalanine
Glucosamine

TABLE VII

AMINO ACID ANALYSES OF GP-A

Total
ym

0

0
0.2202
0.1790
0.1121
0.1310
2.1028
0,1132
0.1645

0
0.1132

0
0.1223
0.0u483

¢
0.1008
0.2188

Cal,
Ratio

2.00
1053
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1.19
0,93
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1'50

1.03
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GP-B was rechromatographed with the developer system B. The given
micromolar amounts were found by comparison with a standard that
was 0.05 micromolar in all of the amino acids, glucosamine and
galactosanine,

Referring to Tables III-VI it is seen that the micromolar
amounts of arginine recovered for the GP-B glycopeptides wers, in
all cases, higher than the lysine. Using the micromolar quantity
of arginine, the ratioc of micromoles of aminoc acid per micromole
of arginine was calculated and is given in the second column. The
third columm is the nearest whole number ratio. In some cases a
considerable amount of difference was cbserved between the calculated
ratio and the estimated ratio. This difference was attributed to
contaminating amino acids from a lysine-containing peptide
contaminant. The micromolar amount, Ag, of a given contaminating

amino acid was found by the following equationm:
Ag = Ay ~ (M x Apg) (7)

where A¢ is the total number of micromoles of the amino acid
recovered; N is the estimated whole number ratio of the amino acid
in the glycopeptide and Apg is the micromoles of arginine recovered.
Thus, for aspartic acid in GP-Bj&p (Table III), Ag = 0.5435, N = 2
and Apg = 0.2142. Using equation (7), Ac is calculated as 0.1151,
When the Ac's are divided by the micromolar amount of lysine,

a set of ratios for the contaminating peptide's amino acids are
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obtained. In Tables III-VI the A.'s are in the fourth columm. The
Fifth column is the calculated ratios for the contaminating peptide.

Table VII is the analyses of GP-A., With lysine and arginine
being absent, one half the micromolar recovery of aspartic acid
was used to find the calculated ratios given,

Table VIII is a resume of the Tables III-VII with only the
estimated ratios of the glycopeptides given. From these analyses
it was apparent that the GP-A differs from the GP-B glycopeptides
in that both lysine and arginine were absent. Other observed
differences were that the GP-A contains proline and valine residues
while the GP-B peptides did not. When comparing the GP-B analyses
with each other, it must be taken into consideration that GP-Bjés
was probably heterogeneous, as evidenced by the peptide chromatogram
in Pig. 12. The GP-B glycopeptides appeared to be very similar,
with the exception of GP-Bg as judged by its different ratios of
glycine and glutamic acid. Assuming the judgement used in the
caleulations to be correct, at least two or possibly more of the
glycopeptides were differvent in their amino acid compositions.

G. Carbohydrate Analyses

The cellulose thin layer chromatogram (TLC) trace for thé
hydrolyzed sugar standard is shown in Fig. 15. A § yl load of the
standard was spotted on the plate. The sugars corresponding to the
spots were earlier determined by chromatographing the individual

gugars under identical conditions using each developer system
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RESUME OF AMINC ACID ANALYSES OF GLYCOPEPTIDES
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Figure 15.

A trace of the thin-layer chromatogram of the hydrolyzed
sugar standard. Load: 5 ul. Code: A = avabinose; F =
fucose; G = glueose; Bal = galactose; G = glucosamine:

H = mannose; X = xylose; 0 = origin. This code will also
be used in Figs. 16-21.

In Figs. 15-20: Double development of 15 em from right to
left with formic acid-methyl ethyl ketone~tert. butyl

/v}. BSingle development of
15 em frowm bottom to top with 2-propancl-pyridine-acetic

acid-water {(8:8:1:4, v/v).
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separately in one dimension. Fig. 16 is a trace of the chromatogram
where 5 ul of the sugars solution obtained from the PPHA preparation
III was chromatographed. Glucosamine and mannose were found to be
present. However, when 10 ul of the proteln sugars were loaded and
chromatographed, Ffucose and xylose were alse found to be present
(Fig. 17). About 0.025 mg of fucose, xylose and manncse were added
to the protein sugar solution and 15 ul of the solution were
chromatographed. From this chromatogram, Fig. 18, it was observed
that in addition tc the mannose, fucose and xylose, a less dense
brown spot appeared in a position corresponding te arabinose,

The glycopeptides GP-A and GP-Bjgzp were hydrolyzed and treated
in a manner identical to the protein as described (vide supra). The
GP-A was free of the minor glycopeptide deseribed. A 10 ul load of
their sugar solutions were chromatographed. The chromatograms for
each are given in Figures 19 and 20, respectively. From Pig., 19 it
was observed that the GP-A contained fucose, xylose, mannose and
arabinose. Very faint spots were observed in the glucose and
galactose positions. The gluccsamine spot was slightly displaced
from the position found in earlier chromatograms. From Fig. 20 it
was observed that only mannose and glucosamine were present in the
GP~Byg, hydrolysate. To confirm these findings and to make more
certain that glucosamine was the questiened spot in Fig. 19, a
celluloss plate was spotted in the manmer shown in Fig. 21. The

loads of the two glycopeptide fractions were increased to 15 ul. The
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Trace of the thin-layer chromatogram of the hydrolyzed

component III. Load: 5 ul.
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Figure 17.
Trace of the thin-layer chromatogram of the hydrolyzed

component III. Load: 10 ul.
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Figuve 18,
Trace of the thin-layer chromatogram of the hydrolyzed
component III to which 0,025 mg of fucose, xylose and

mannose was added per ml of solution. Load: 15 ul.
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Figure 19,
Trace of the thin-layer chromatogram of the hydrolyzed

glyeopeptide GP-A. Load: 10 ul.
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Figure 20,
Trace of the thin-layer chromatogram of the hydrolyzed

glycopeptide fraction GP-Ujgo. Load: 10 ul,
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Figure 21,

Trace of the thin-layer chromatogram of the hydrolyzed

GP-A, GP-Bygy and unhydrolyzed sugar standards.

18 7.
2 & 6.
3o

b,

S,

Glucosamine 10 ul of a 0.1 mg/ml solution.
Galactosamine 10 pl of a 0.1 mg/ml solution.
Hydrolyzed GP-A (15 ul).

Unhydrolyzed mixed standard 10 ul of & solution
0.1 mg/ml in each sugar except galactosamine,

Hydrolyzed GP-Bjygp (15 wul).

Single development of 15 cm from bottom to top with

2-propanocl-pyridine-acetic acid-water (8:8:1:4, v/v),
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plate was developed once in the direction shown with the 2-propanocl-
pyridine-acetic acid-water (8:8:1:4,v/v) developer.

By comparing these plates it appeared that the GP-A did contain
glucosarmine. However, the galactose and glucose spot was not
observed this time with the greater load of material and, therefore,
was considered a plate artifact or amino acid spot. The GP-Bjgo
did show upon increasing the load that arabinecse and possibly xylose
were present., Thus it appears that the carbohydrate portion of the
phytohemagglutinin contains relatively large amounis of mannose
and glucosamine and comparatively smaller amounts of fucose, arabinose,
and xylose, Glucose and galactose do not appear to be present in the
protein. Comparison of the two glycopeptides, GP-A and GP-Bjgo. in
terms of monosaccharide content indicates that the two differ in

their oligosaccharide moieties as well as their amino acid content.
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IV, DISCUSBION
The origin and nature of the polysaccharide contaminant of
the phytohemagglutinin preparation can only be speculated upon.
Throughout the ammonium sulfate fractionation procedure some fractions
were observed to have a pronounced pink color. Some of the color
from the red bean hulls is presumably dissolved from them by the
0.1 M HCl extraction and then adsorbed onto other components of
the bean. During the water dialysis step of the purified PPHA prior
to lyophilization, the precipitate was observed to have a faint
pink color. After lyophilization the dried protein was light tan
in color. When the polysaccharide contaminant was removed from
that preparation by the P-200 gel filtration chromatography and
component III was pooled, concentrated, dialyzed and lyophilized, the
dried material was ne longer tan but was a very white preparation.
From this it might be speculated that a chromogenie substance,
either the polysaccharide or a complex molecule adsorbed to the
polysaccharide, follows the PPHA during the purification procedure.
The component II which was eluted from the P-200 column is
interesting in that it is not present in the preparation before the
gel filtration, as evidenced by the ultracentrifugal pattern in
Fig. %a. A columm artifact was ruled out by repouring the column
and changing the teflon filter in the bottom of the columm to a nylon
net filter. In both cases the same chromatogram was obtained. When

the coumponent 11T was rechromatographed on the same system, in contrast
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to what one would expect, component II in Fig. 9 was approximately
the same height as the original peak in Fig. 8. In addition, upon
ultracentrifugation of component III a minor component sedimenting
faster than the major component was observed (Fig. 3c). Referﬁing
to Fig. 8, if it is assumed that peak II is symmetrical, only a
small pertion, if any, of the tail of component II would have been
pooled with the component III. Similar remarks may be made con-
cerning the small component observed in the compoment I pesition
of Fig. 9.

These findings suggest that the phytohemagglutinin interacts
with the gel and brings about a polymerization of the molscule. This
polymerization may involve either association of whole molecules, or
possibly dissociation into subunits, followed by reassociation. When
reassociation occurs not all subunits combined with their original
counterparts, thus producing higher molecular weight aggregates. If
this is so, one may expect to see¢ a component eluta& after the
component III which would be lower in molecuiar weight due to the
loss of subunits. Theoretically, if a substance is not adsorbed to
the gel, it should appear in the effluent by the time a volume of
daveloper equal to the bed volume has been passed through the columm
(58). The bed volume of the P-200 column was approximately 300 ml.
In those runs where 300 ml were passed through the columm, no component
smaller than III was observed. Its absence could be explained by

postulating a symmetrical dissociation of the molecule into two or
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four parts and upon reassociation they combined with undissociated
PPHA molecules, thus producing only molecules with molecular
weights larger than the original PPHA molecule. Many possibilities
of this nature could be postulated. As earlier mentioned, Rigas

et al. (15) have demonstrated the dissociation of the PPHA molecule
by the weak cation exchanger IRC-50. After reassociation the
products differed from the original molecule. Therefore, it is

not an unlikely possibility that the effects observed on the P-200
gel vepresent some sort of molecular rearrangement.

As a glycoprotein the purified phytohemagglutinin contains 10%
carbohydrate (15). The distribution of this carbohydrate in the
protein molecule might occur in several ways. It could be present
as one large oligosaccharide or as several smaller oligosaccharide
moieties bound to the protein at different places. The aminc acids
to which the oligosaccharides are linked might be the same or
different. The monosaccharide composition of the cligosaccharide
moleties might also be the same or diffevent. The studies presented
have demonstrated that there are at least two different tryptic glyco-
peptides in the PPHA molecule. The absence of lysine and arginine
in the GP-A glycopeptide is given as the most direct evidence for
this conclusion. As judged by the results of the amino acid analyses
on the GP-A it was quite free from contaminating peptides. That is,
except for leucine and alanine all amino acids present were in vratio

close to whole numbers. In regard to this discrepancy for these two
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amino acids it is intevesting toc note that 1f the micromolar amount
of leucine is added to the alanine, a calculated ratio for alanine of
1.9¢ results. Simllarily, 1f the alanine ratio is taken as one and
its excess micromolar amount is added to the leucine, a calculated
ratio for leucine of 0.93 results. This might indicate that in some
peptides an alanine is substituted for by a leucine. Since both

of these arve aliphatic amino acids, their separation by the cation
exchanger would not have been too likely. Such a substitution may
represent a genetic variation due to a difference in the gene loci
which code for this polypeptide chain.

It could be argued that some other enzyme contaminating the
trypsin such as chymotrypsin might have cleaved a portion, including
arginine, to produce GP-A from one of the other tryptic peptides.
However, the presence of proline in the GP-A does not support this
avgument for one would then expect to find proline in the other
glveopeptides. This was not seen to be the case.

Definite conclusions about the differences in the GP-B
glycopeptides are difficult because of their ap arent contamination
with small amounts of other peptide, as suggested by their lysine
eontent, However, the amino acid ratios indicate %heir peptide
portions to be wery similar.

Supporting evidence for the existence of at least two glyco-
peptides is given by the carbohydrate analyses. The two pooled

fractions, GP-A and GP-Bjgo, were taken from the same chromatographic
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run. Fach fraction contained approximately the same amount of
carbohydrate when comparisons werve made of their color produced
during the autoanalyzer method. When their sugar hydrolysates
were chromatographed on the thin layer system, GP-A definiteiy
contained fucose, whereas the CP-Bygp did not, even when the load
was increased by 50%.

That there may be eight different glycopeptides in the phyto-
hemagglutinin is suggested by the chromatography on the cation
exchange column. Whether some of these represent partially
hydrolyzed tryptic peptides was not ruled out. However, presumptive
evidence against this possibility may be derived from the results
of the gel filtration of the peptides. Assuming that no adsorption
of glycopeptides occurred on the gel, their molecular weight range
appearad to be between 3000 and 9000. If all of the carbohydrate
was present as one oligosaccharide unit containing 63 molecules
of mannose and 19 molecules of glucosamine, its molecular weight
would be 13,278. If mannose is substituted for by arabinose, the
molecular weight of the oligosaccharide would be 11,386, From the
thin layer chromatography of the sugars of the protein hydrolysate
a large amount of mannose was found to be present relative to the
other sugars. Thus the molecular weight of the oligosaccharide unit
would be closer to 13,000. This oligosaccharide would be linked to
a tryptic peptide., Using separately the amino acid ratios given

for the different glycopeptides in Table VIII as the absolute
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aumber of those amino aeclds In the peptide, the total weight of any
of the glycepeptides would be about 1%,000. If in faet, they weve
partial hydrolytic products, this sstimate weuld probably be low.

In any case & molecular welght this large is not congistent with

the results obtained by the gel filtration. If there are slight
diffevent glycopeptides in the phytohemagglutinin, it may be possible
that they are distributed equally among the eight different subunits
cbserved by Rigas et al. (15).

Hydrolysis of a protein with trypsin involvas the cleavage of
the peptide bond on the carboxyl side of lysine and arginine residues.
Assuring that the protein chain was completely hydrolyzed by the
trypsin, twe different types of peptide chains would be possibla
with respect to their lysine and arginine content. The C-terminal
peptides of the protein chain would not contairn a lysine or argianine
residue except for those proteins having lysine er arginine as their
C-terminal amino acids. All other peptides would have lysine or
avginine as their C-terminal amino aciéé. The absence of both lysine
and srginine in GP-A indicates that it is a C-tarminal glycopeptide.
Thus, one of the oligosaccharide units must be linked near the
C-terminal end of a subunit.

Reports on the nature of the glycopaptides in the plant
agglutinins have appeared only recently. In & preliminary communi -
cation Liener et al., {59) reported the presence of several glyco-

peptides in their wex bean hemagglutinin (Phaseolus vulgaris), follow-

ing hydrolysis with pronase. No other information was given as
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to how these glycopeptides were different. Nevertheless, their
findings support the conclusions drawn from the results presented
here., |

Lis et al. (36) isclated a pronase glycepeptide from soybean
hemagglutinin, It was found to contain mannose and glucosamine,
This carbohydrate was found to be linked to an aspartic acid
residue., On the basis of molecular weight and carbohydrate analyses
they concluded that only one oligosaccharide unit linked to am
aspartic acid residue present in that agglutinin. Thus it appears
that the phytohemagglutinins from different genera wlll be quite
diffevent with respect to the nature of the carbohydrate in their
molecules., This hypothesis is supported by the findings of
Huprikar and Sohonie (88). They have found the white pea (Pisum sp.)
hemagglutinin to contain xylose, glucose, rhamnose, fructose and
galactose, They were unable to detect glucosamine; however, this
may have been caused by their failure to elute it from Dowex 50
with 2 N HCl1l, Marinkovich (9) reported that the potato hem-
agglutinin contains only arabinose. However, comparison of the
potato hemagglutinin, which has a molecular weight of 20,000 and iso-
electric point of 9, to the legumenous phytohemagglutinins is
anticipated to reveal pronounced differences.

That the carbohydrate portion of the PPHA is composed of
glucosamine, large amounts of mannose and smaller amounts of fucose,
arabinose and xylose is in partial agreement with that found by other

investigations on the phytohemagglutinins isolated from Phaseolus

oS S
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vulgaris subspecies. Liener et al. (59) have recently reported that
the wax bean phytohemagglutinin centains 7.3% carbohydrate consist-
ing chiefly of mannose with smaller amounts of arabinose, xylose,
glucose and galactose. Jaffe and Hannig (35) found their semi-
purified preparations of black kidney bean hemagglutinin contained
glucogamine, large amounts of mannese and smaller amounts of Ffucose,
xylose, glucose and galactose.

The discrepancies in these findings with those presented here
may be due to the sensitivity of the methods used, could represent
impurities or could be real differences in the proteins. If the
latter is shown to be correct, then the methods of purification
should be examined closely. This suggestion is made in reference
to the findings of Rigas and Osgood (30) that the phytohemagglutinin
exists as a mucoprotein. It is possible that the different methods
used for purifying the protein phytohemagglutinin might result in
differences in the carbohydrate moiety remaining on the protein.

1I¥ prcnése or another enzyme less specific than trypsin had been
used for these studies, it is probable that the eight glycopeptides
would not have been observed. Particularly so if the differences were
in the oligosaccharide units alone, It was for this consideration
that trypsin with its lysine and arginine specificity was used. By
using trypsin more of the amino acids of either si&e of the oligo-
saccharide units were obtained. In this way the chance of observing

differences in the glycopeptides was increased. However, as
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evidenced by the AG 50 W cation exchange chromatography, the
problem became one of separation. For this reason work of an
exploratory nature was carried out to £ind a method which could

be used for glycopeptide separations. It was conceived that if
the glycopeptides could be altered in such a way that their
chemical structure remained unchanged, it would be possible to
effect separations that might have otherwise been impossible. For
this the effect of borate on sugars was chosen. As reviewed by
Boeseken (60), it has been demonstrated that by the addition of
sugars to borate solutioms the‘¢wnduat1vity is increazed. It was
postulated that complexes were formed between the cis-hydroxyl groups
of the sugar and the borate. The ability for different sugars to
form these complexes differs and is very dependent upon their

structures. The structures suggested for these complexes are given

below.
s L o
\_B—mi i \ / u*
mc——-o/ , == {s/ \ .

These complexes are in equilibrium with each other, the state of which

is dependent upon the pH of the solution, the ratio of borate to sugar
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and the absolute concentration of the sugar in the solution. The
charged complexes are favored at high pH's and low ratios of sugar
to borate.

Khym and %ill (61) were the first to demonstrate that sugars
could be separated utilizing this property of sugars. Using Dowex
1 anion exchange resins and pH 8 borate buffers they were able to
sepavate mono-, di- and trisaccharides from each other.

With the notion of extending these observations to glyco-
peptides the AG 1-X2 anion exchange resins and borate buffers were
used. Several different buffers were tried, all of which proved
unacgaptabla. Although with some buffer systems separations were
achisved, at no time was the carbohydrate load fully recovered. In
?ig, 14 it was demonstrated that the GP-A was miszing from the glyco-
peptide fraction taken from the AG 1-X2 system deseribed, Other
studies using the same resins and picoline-pyridine buffers at pH 8
indicate that the ©P-A is firmly bound to the resin, even in the
absence of borate. Further studies are requivred to determine whether
borate systems used with anion exchangers may be employed to effect
separations of glycopeptides which differ only in their carbohydrate

moieties.
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V. SUMMARY
The tryptic glycopeptides of the phytohemagglutinin from the

red kidney bean {Phaseolus vulgaris) were investigated. The

phytohemagglutinin was isolated and purified by ammonium sulfate
fractionation and polyacrylamide gel filtration procedures.

Following tryptic hydrolysis of the purified phytohen-
agglutinin the peptides were subjected to polyacrylamide gel fil-
tration. A glycopeptide fraction with a molecular weight range
of 3000 to 9000 was obtained. This fraction yielded eight glyco-
peptides when chromatographed on cation exchange columns.

Analyses of their amino acid and carbohydrate compositions
has demonstrated that two or more different tryptic glycopeptides
are present in the phytohemagglutinin. The absence of lysine and
arginine in one of the glycopeptides indicated that it must be
a C-terminal glycopeptide and that one of the oligosaccharide
wnits is linked near the C-terminal end of a polypeptide chain
of the protein.

Carbohydrate analyses of the phytohemagglutinin have shown
that it contains glucosamine, relatively large amounts of mannose
and smaller amounts of fucose, xylese and arabinose. Carbohydrate
analyses on three glycopeptides revealed that the C~-terminal
glycopeptide contains all five monosaccharides, whereas fucose

is absent in the other two.
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From these investigations it has been suggested that eight

different tryptic glycopeptides are present in the phytohemagglutinin.
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