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Mu/cc ~hr Immunology. Vol. 16. pp. 67 1-679. 
Pergamon Press Ltd. 1979. Printed m Great Britain. 

THE HUMAN LYMPHOTOXIN SYSTEM-VI. 
IDENTIFICATION OF VARIOUS SACCHARIDES ON LT 

MOLECULES AND THEIR CONTRIBUTION TO 
CYTOTOXICJTY AND CHARGE HETEROGENEITY* 

M. KATHLEEN TOTH and GALE A. GRANGER 

Department of Molecular Biology and Bwchcmlslry. Umverslty 01’Calit’ornu Irbinc. (‘A 92717. b.S.A. 

(Receicled 25 July 1978; waked for publication 7 Februury 1979) 

Abstract-Human lymphoid cells, when stimulated in ritro with Con-At or PHA-P, release a group of 
cytolyt~cally active molecules, termed lymphotoxins (LT). These can be physically separated into various 
classes and sub-classes by means of molecular sieving columns and ion exchange resins. These studies 
examine whether these molecules contain carbohydrate. The use of lectin-Sepharose affinity 
chromatography reveals that human LT molecules in the unfractionated supernatant, and in separated 
classes and sub-classes, contain at least six different heterogeneously distributed saccharide units. We find 
that some of the charge heterogeneity associated with a2 sub-class of these molecules appears to be due to the 
presence ofsialic acid, since neuraminidase treatment alters the charge on approximately 20% ofthis material 
by ion-exchange analysis. However, this enzyme treatment has no effect on the antigenicity of these 
molecules. In addition, the carbohydrate moieties do not appear to be necessary for the in vitro lytic activity 
measured on L-929 cells, since removal with neuraminidase or the presence of saccharides in the lytic reaction 
has no effect. These studies indicate that LT molecules are glycoproteins. 

INTRODUCTION 

Eiuman lymphoid cells, when stimulated in M-o with 
concanavalin A (Con-A) or phytohemagglutinin-P 
(PHA-P) release a family of molecules termed 
lymphotoxins (LT) (Lawrence & Landy, 1971). These 
molecules are cytotoxic for murine L-929 cells in oitro 
and are heterogeneous with respect to their physical- 
chemical and immunologic characteristics. They can 
be fractionated by molecular sieving columns into at 
least four distinct mol. wt classes, termed co~~~~e~ (Cx) 
(>200,000 d), u~p~u (CL) (7~90,~ d), beta (j?) 
(30-50,000 d) and yayrzrrla (y) (1%20,000 d) (Hiserodt ef 
al., 19766; Walker et al., 1976). The c( and B classes can 
be further separated into sub-classes by ion-exchange 
chromatography (Lee & Lucas, 1976; Granger et al., 
1976~; Granger et al., 1978) and complex can be 
divided into four high mol. wt materials by sucrose 

* Thiswork was supported by National Institutes of Health 
Grant No. AI-09460, and Rheumatic Diseases Research 
Foundation Grant No. IPP2. 

$ Abbreviations used: Con-A, concanavalin A; PHA-P, 
phytohemagglutinin-P; LT, lymphotoxin; Cx, complex class 
LT; MF, mitogenic factor; MIF, migration inhibitory factor; 
RPMI-S, RPMI-1640+ 3% fetal calfserum; BS, boiled serum 
fraction from newborn calf serum; SAL, supernatants from 
activated lymphocytes; PBS, phosphate buffered saline; BSA, 
bovine serum albumin; NAG, N-acetyl-D-glucosamine; Lac, 
a(D-lactose; Fuc, a-L-fucose; Gal, a-o-galactose; Man, X-D- 

mannose; AMM, a-methyl-D-mannoside; SA, sialic acid; 
Glu, ‘-D-&ICOSe; NAGal, N-acetyl-D-galactosamine; WGA, 
wheat germ agglutinin; RCA, Ricinus c~~~~~j~ agglutinin; 
PHS, polyacrylic hydrazide Sepharose; NRS, normal rabbit 
serum. 

density gradient and gel filtration (Hiserodt et a!., 
1978). Although the human LT system is composed of 
these various types of molecules, they have been shown 
to be related immunologically (Yamamoto et al., 1978) 
and the various forms may play a role as lytic effecters 
in cell mediated immune responses (Gately & Mayer, 
1974; Hiserodt & Granger, 1977; Ware et al., 1978). It 
also appears that the smaller mol. wt classes of human 
LT molecules can associate with a condensing 
molecule to form the high mol. wt complex class which 
can further associate with Ig-like antigen binding 
receptors (Hiserodt et al., 1978). 

There are many glycoproteins on cell surfaces, and 
in some cases, the carbohydrate groups have been 
shown to be important in the recognition role or 
activity of such proteins. Carbohydrate groups have 
been shown to be involved in the function of some 
guinea pig lymphokines such as mitogenic factor (MF) 
(Geczy, 1977), migration inhibitory factor (MIF) 
(Remold, 1973) and lymphotoxin (Kabayashi et ai., 
1978). Also, the human HL-A membrane antigens 
have been shown to contain sialic acid, and the charge 
heterogeneity of these molecules appears to be due to 
the presence of this carbohydrate (Parham et al., 1974). 
Since it has been shown that human LT molecules are 
present on the surface of in &To lectin activated 
human lymphocytes (Hiserodt et CL/., 1977), this series 
of experiments was attempted to determine if human 
lymphotoxins contain carbohydrate, and if so, whether 
this contributes to the charge heterogeneity exhibited 
by some of these molecules. It also examines the 
question of whether the carbohydrate is important in 
the irz Gtro cytolytic acitivity or has any effect on the 
antigenicity of LT molecules. 
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Target cells wcrc obtained l’rom stock cultures of moube L- 
929 fibroblasts maintained rn KPMI 1640 (Grand Island 
Biological Co.. Grand Island. NY) supplemented with I+“,, 
heat-lnacti\ated (56 C. 1 hr) fetal calf serum (Grand Island 
Biological Co.. Grand Island, NY). 100 l_J/ml penicillin and 
100 /(g/ml streptomycin (RPMI-S). .These cell5 were grown at 
37 C In 32-or prescrlption bottles in 95”,, air, 5”,, COz. arid 
pn.\scd hiaeekly (Kramer & (iranger. 1976) 

The details ol’ these methods have been described 
previously (Lewis BI ui.. 1976). Briefly. suspensions of human 
lymphocytes were obtained from tonsils or adenoids and 
established in culture at 4 x l~b~iablecells/ml in RPM1 1640. 
containing 20 ;cg/ml phytohema~~iutinin-P (PHA-P. Difco. 
Detroit. MI). 20 pg/ml of a heat-stable boiled serum fraction 
obtained from newborn calf serum (BS) (Lewis ~‘t al., 1976). 
and antibmtics. The cells were maintained for 5 daya at 37 C‘ 
in 95”,, air. 5”, CO,. Supernatants were collected, cleared ol 
cells by centrifugation. liltered through glass fiber tilterb. 
concentrated 50-fold by passage through a Bio-Rad Hollow 
Fiber (‘oncentrator (Bio-Rad. Los Angeles. CA) with a pore 
br,e retaining molecule5 greater than 30.000 mol. u-t and 
\tored at -20 or --7O C until used. 

The methods employed for fraction~~tioi3 of LT activity in 
~trpern~~t~int~ from activated human lymphocytes (SAL) have 
been previously published (Grangertnr cit.. 1973; Lee& Lucas. 
1976; Granper cr I?/.. 197P: I-air 1’1 rri.. 19781. All procedureb 
b\ere done at 4 (‘ 

(A) illoircuirrr ric,ri,ly. I .5 2 ml (,I’ SO x SAL samples were 
chromatographed over 7.5 x IO0 cm Ultrogel AcA 44 (LKB, 
Ijpssala. Sucdcn) columns equilibrated in IO m!4 potassium 
phosphate, pH 7.2 and 0.15 M N&l (PBS). 6 ml Fractions 
\+ere collected at a flow rate of 14 ml/hr, and 0.05 0.7 ml 
barnpIes of the eluted fractions were assayed for LT toxic 
actrvity. Rechromatography of the x-LT class was performed 
in a manner identical to the original separation procedures. 

(8) DE;t~-c,ul/ttlo.\e ~hlo,ncrtoyr~tphl. DEAE (DEAE 1 I. 
Wharman) wab washed. degassed, and poured to a bed 
volume ol’9 ml in a 12 ml disposable syringe (Monoject) and 
equilibrated m 10 m&f Trrs-HCI. pH 8.0, 0.1 nvzl EDTA. 
Rechromatogr~lphed a-LT fractions (500 2000 units) from 
several molecular-sieving columns were pooled. tested for LT 
activity. and concentrated hq pressure ultratiitratron to 
2.0 4.0 ml on Amicon PM-10 membranes. The sample ~a5 
then treated with pancreatic DNAse A (Sigma Chemical Co.. 
St. Louis. MO) at X0 umts/ml m IO mA4 MgCl at 37 C for 30 
min. followed by addition of IO m,M EDTA. Thiswas dialyzed 
overnight againat 1000 vol of IO mill Tris. pH 8. 0.1 mM 
EDTA. Each fraction tube received 30 pg bovine serum 
albumin (BSA)asa carrier before the fractionswerecollected. 
Protein was ctutcd with 30 ml of 10 mz/i Tris. pH 8, 0.1 mM 
EDTA. followed by a linear 100 ml gradient from 0 to 0.3 ,M 
N&l in the Same buffer. followed by 30 ml of 1 .O M NaC’l in 
the same buEer. 3 ml fractions were collected at 50 ml/hr flow 
rate and tested for conductivity. and 0. I 0 ? ml tested f& LT 
activitv. 

Two types of assays were employed. one which determines 
quantitatively the amount of LT activity present m a gwen 
supernatant, and a second which only indicates qualitatively 
its‘presence or absence. These techniques have been described 
in detail Drevrously (Soofford CI (zl.. 1974). Briefly, monolayers 
elan LT sensitive strain of murine L-929 fibroblast cells were 
established in 16 x 125-mm glass screw-capped culture tubes 
at a denstty of 100.000 cells/ml in RPMI-S, containing 0.5 
/‘p/ml mltomycin C’ (S~gmn Chemtcnl (‘0.. St. Louis. MO)and 

incubated in 95”,, air. s”,, (‘0, for 24 hr at 37 (I Aficl this 
iil~tib~~ti(~Il. the medium wa.~ discarded. ro determine the 
amount ol’ LT preyrnt in a sample. scrral dilutions of LT- 
containing or control medium in RPMI-S were added to 
duplicate cultures. and they were incubated for 24 hr at 37 C‘. 
The number of remaming viable adherent cells were 
determined by trypsrniring the cell> and pabslng them 
through a Model F C‘outter Counter. One unit of LT activity 
1s defined as that which will deatroy 50”,, of the target cclla. 
The reciprocal of the LT dilution kllhng %I”,, of the targ,ets in 
18 -74 hr yields the number of unit3 01 LT/mt an the orrginal 
undiluted supernatant. 

To determine the presence ol’LT in a liaction. an aiiquot of 
the fraction (0.01 0.2 ml) lnas added to the I.0 ml tube 
cultures established a5 described above. The number oi‘\isblc 
cells r~rn~iilliilg also was determined. as described above. and 
the per cent viability aas calculated. 

.t’-acctyl-n-glucosamine (NAG). r-I,-lactose (Lac), X-II- 
fucose (FIX). x+galactose (Gal), r-r>-mannose (Man), and X- 
methql-I)-mannoside (AMM) were obtained from Sigma 
Chemical Co. 1st. LOUIS, MO). Fetuin was also obtained from 
Sigma Chemical Co. Origin and purification of tectins prior 
to attachment to polyacrylic hydrazide Sepharose (PHS) has 
keen previously described (Lotan c’r trl.. 1977). 

(A) ‘4~.s~)~~~~~r~ pr~,p(l~afi(~n. The fetuin (8.3 m~/ml-PHS), 
concanat~alm A (Con-A). (7.3 mg/rnl-PHS) and wheat germ 
agpfutmin (WGA) (6.7 rn~~nll-PHS) affinity beads were a 
gift of Dr. Reuben Lotan. Department of Developmental and 
Cell Biology. Umvcrslty of California. Irvine. These, and the 
Ric,inrc.\ c,orntrru,~i.$ agglutinin (RCA) (IO mg/ml) PHS-beads. 
were prepared using glutaraldehyde-substituted polyacrytic 
hydrazidc-Sepharose (Miles Laboratories. Inc., Elkhart. IN). 
The details of the coupling have been described previously 
(Lotan et trl.. 1977). Briefly. the beads were activated in IO”,, 
gtuteraldchyde at 4 C for 4 hr. and washed with 20 vol H,O. 
Lectin solutions containing 0.2 M of the specific saccharide 
binding site inhibitor were added to the activated beads at 
5 IO mg/ml packed beads and mixed overnight at 4 C. The 
protein concentratmn of the supernatant was determined to 
calculate hinding efficiency. The beads were washed, 
resuspended in 0.005 M sodium phosphate, 0.1 rM sodium 
chloride. pH 7.2 (PS buffer). with 0.5 m&ml sodium 
horohydride. and incubated for 3 hr at 4 c‘. The beads were 
then extensrvely washed with PS buffer. 

(B) CoOtrrrt? pre/~c~rario!~ trrfd eluiion. Columns were poured 
to a volume of 0.1 0.2 ml rn I ml disposable syringes 
(Monoject) and equilibrated in PBS. 0.1 0.2 ml samples 
containing X)--100 units ol’ LT were applied in aliquots of 50 
/tl and allowed to bind for 1 hr at 4 C. Ten 0.4 ml fractions 
were collected. uhrle washing with PBS. IO fractions of the 
same volume wcrc collected white washing with 0.2 ,21 of the 
apecitic saccharide inhibitor in PBS. Duplicate 0. I ml samples 
from each fraction were tested on L cells for LT activity, 

Ncuraminldase. Type V, from Ci. ~e~~jtz~~~.s (Sigma. St. 
Louis. MO) was assayed and found to be active following the 
procedure outlined in the Worthington Enzyme Cataiogue. 
J,-LT (peak 2 from DEAE chromatogyaphy) or whole 
supernatant LT in 0.06 M Na acetate (pH 5..5), 0.15 M N&I. 
was treated with neuraminidase at 0.5 units/300units LT for 4 
hr at 37 C. by the method of Parham rr trl.. 1974. which was 
shown to totally remove micro-heterogeneity of HL-A 
antigen as measured in isoelectric focusing. BSA was added to 
a concentration of 20 mg/unit neuraminidase to compete out 
contaminating protease activity. Sampleswere then frozen to 
stop furthor cntyme activity. 
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Immunization procedures and collection of antisera for 
rabbit anti-a, and rabbit anti-a, antibodies have been 
described elsewhere (Lewis et al., 1977; Hiserodt et al., 1978). 
Each serum was first tested to determine its effectiveness to 
neutralize a known amount of LT activity on L cells in oitro. 
After determining the optimal amount of antiserum necessary 
to neutralize a known amount of LT activity, four units of 
various samples of a-LT sub-classes were incubated 1 hr at 
room temp with two concentrations of each antiserum. 
Duplicate aliquots from each incubation mixture were placed 
on L cells and assayed for LT activity after 2%24 hr. Per cent 
neutralization was calculated by the following formula: 

No. cells in LT + Ab - No. cells in LT + NRS 
% = 

No. cells in untreated- No. cells in LT + NRS 
x 100. 

Competition studies 

Monolayers of L-929 cells were established addescribed in 
Lymphosoxin assay. Sacchatide solutions were added to 
duplicate tubes to give a con~ntration of 10 or 100 &. 
Equal amounts of whoie supernatant LT were added to each 
tube, as well as to control tubes containing no saccharide, and 
incubated 20-24 hr at 37°C. Viable cells were determined as 
described previously, and per cent cell destruction calculated. 

RESULTS 

(I) Physical-chemical separation of materials with LT 
actitlity in supernaran~s from PHA sti~~u~ared human 
ly~~pho~y~es into classes and sub-classes 

Supernatants from PHA activated human 
lymphocytes were collected, concentrated, and 
fractionated by molecular sieving, as described in 
Materials and Methods. Figure l(A) shows a typical 
profile obtained from Ultrogel AcA 44 chromato- 
graphy, when fractions are assayed for lytic activity in 
citro, as described in Materials and Methods. The 
peaks of activity were pooled according to the bars 
across the top of Fig. l(A), and re~hromatographed on 
Ultrogel for further purification of each class. Figure 
i(B) shows a typical rechromatograph of the a-LT 
class. The bar across the top of Fig. l(B) indicates the 
fractions that were pooled for further studies. It has 
been shown that the c1 and fi-LT classes both exhibit 
charge heterogeneity in that each is composed of sub- 
classes obtained by separation with ion exchange 
chromatography (Lee & Lucas, 1976; Granger et al., 
1978). Figure I(C} shows the a-LT class 
chromatographed on DEAE cellulose. When fractions 
are assayed for lytic activity as described, three sub- 
classes, termed txl, CI~ and cl3 are obtained. While ~1~ 
and tlj appear homogeneous, the c(* sub-class shows 
charge heterogeneity when separated on PAGE 
(Granger et al., 1978). In addition, the a2 sub-class, 
when chromatographed on phosphocellulose at pH 
5.5 exhibits as many as four distinct peaks of activity 
(Granger et al., 1978). 

(Ii) ldent@ication of carbohydrate moieties on 
unfractionated LT molecules released in vitro by iectin 
activated human lymphocytes 

Experiments were initiated to determine whether LT 
molecules released by activated human lymphocytes 
contain carbohydrate. It is well known that individual 
plant lectins exhibit specific affinity for certain 
carbohydrates. Attaching a lectin to Sepharose beads 
permits purification or charactization of certain 

Fraction No 

Froctlon No. 

/ 
-u 
4 

0 I I 6 
IO 30 50 " 

Fractran Na 

Fig. l(a). Ultrogel AcA 44 molecular sieving column of 
supernatants from PHA activated human lymphocytes. Two 
millilitres of a 50 x concentrated supernatant from activated 
human lymphocytes were applied to a 2.5 x loo-cm column in 
10 mM potassium phosphate, pH 7.2, and 0.14 M NaCl (PBS). 
Six millilitre fractions were collected. and 50 ~1 were assayed 
directly in duplicate for cell-lytic LT activity. Results are 
plotted as per cent cells remaining vs fraction number. (B) 
R~hromatography of human a-LT mol. wt class on Ultrogel 
AcA 44. The a peak from (A) was pooled, as shown by the bar 
at the top. concentrated to 2 ml, and applied to the column as 
described above. Six miliilitre fractions were collected. and 50 
~1 were assayed in duplicate for lytic activity. Results are 
plotted as in (A). (C) DEAE chromatography of human a_LT 
class. The peak in (B) was pooled as shown by the bar. 
co?centrated to 3 ml, treated with 240 units of DNAse, and 
dialyzed overnight aginst 2.0 I of 0.01 M Tris (pH 8.0)-O. 1 
n-&f EDTA at 4°C. The sample was then applied to a DEAE 
column equilibrated with the same buffer. Three miililitre 
fractions were collected while washing with 30 ml 0.01 M Tris 
(pH S.O~.l mW EDTA, followed by a 100 ml O-O.3 NaCt 
gradient in the same buffer, followed by 30 ml of 1 M NaCl in 
the same buffer. Duplicate 100 ~1 aliquots from even 
numbered tubes were assayed for activity on L cells. 
Conductivity was measured on the odd numbered fractions. 

Results are plotted as in (A). 

glycoproteins by means of affinity chromatography 
Weinstein et al., 1972; Dufau et nt., 1972). Table 1 
shows lectins employed in this study, their individual 
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Table 1. Lectins employed in affinity chromatography. their individual bindIng spcciticitics. and 
saccharide used to elute bound glycoproteins 

Lectin 

Wheat germ agglutination 

(WAG) 

Coneanavalin A 
(Con-A) 

Ririnus communis 
agglutinin (RCA) 

Binding specificities 

N-acetyl-D-glucosamine (NAG) 
slalic acid (SA) 

r-n-mannose (Man) 
x-r>-glucose (Glu) 

a-I>-galactose (Gal) 
N-acetyl-D-galactosamine 
(NAGsI) 
-~ 

-_--~-- 
Eluting saccharide 

N-acetyl-I,-Elucosaminc 
(NAG) 

r-methyl-it-mannoside 
(AMM) 

Lactose 
(Lx) 

--_-.-- 

binding specificities and the specific saccharide used to 
competitively elute bound glycoproteins from each 
column. 

Initial studies employed unfractionated whole 
supernatants which contain all the classes of LT 
molecules, as welt as other products released by 
activated human lymphocytes. Experiments. detailed 
later in this manuscript. revealed that none of the 
saccharides employed in these studies interfered with 
lytic activity. Whole supernatant containing 100 units 
of LT activity was applied to a ~VGA-Sepharos~ 
column, and the unbound and bound material was 
collected and tested for LT activity, as described in 
Materials and Methods. The results of one of three 
separations are shown in Fig. 2(A). Although 69”,, of 
the material passes through. 31”/, binds to the column 
and can be competed off with 0.2 ,zii rV-acetyl- 
glucosamine (NAG). Similar preparations were 
applied to a control column of fetuin-Sepharose. 
Shown in Figure 2(B) are the results of these 
separations. Essentially all the LT activity passed 
through the fetuin column and was detected in the first 
peak. This observation indicated the LT molecules are 
not binding non-specifically to the Sepharose but are 
specifically binding to the WGA. To further assess the 
specificity of the lectin adherent fraction. whole 
supernatant containing 100 units of activity was 

applied and eluted from a WGA-Sepharose column. 
Each peak was concentrated: half was used to measure 
LT activity. and half reapplied to the WGA-Sepharose 
column. As shown in Table 2, all of the material that 
bound to the ~VGA-Sepharose rebinds when 
chromatographed again on the same column. It is also 
clear that material which did not bind to the first 
column did not bind to the second column. While not 
shown. similar experiments were performed using a 
Con-A-Sepharose column, and we found approx 52% 
of the LT activitywas bound and competed offwith 0.2 
M r-methyl-mannoside (AMM). These data imply 
that certain of these molecules contain Man, Glu, 
NAG or SA residues. 

Studies were next performed to determine which 
classes of LT molecules contain carbohydrate 
detectable by these methods. Whole supernatantswere 
fractionated on Ultrogel molecular sieving columns to 
obtain the various mol. wt LT classes. Using 0.1 ml 
WGA-Sepharose columns, 40 units of either complex, 
x, or fl-LT class were applied. and the columns were 
eluted and assayed for cytotoxic activity, as described 
in Fig. 2. Table 3 shows the results obtained from a 
single experiment in one series of studies. Clearly, all 

Fraction No 

qw 
Froctlon No 

Fig. 2. Affinity chromatography of human LT molecules on tectin-Srpharose column>. 100 units of LT 
activity in unfrdctionated lymphocyte supernatant was applied to a 0.1 ml WGA-Sepharose (a) or control 
fetuin-Sepharose (b) column and allowed to bind for 1 hr at 4°C. Ten 0.3-ml fractions were collected while 
washing with PBS, followed by 10 fractions while washing with 0.2 M ~-acetyl-glucosamine in PBS. 
Duplicate 100 ~1 samples from each fraction wereassayed for lytic activity on L cells, as described in Materials 
and Methods. The average was determined and plotted as per cent viable cells vs fraction number. There was 

from 2 to 5”,, variation at each point. 
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Table 2. WGA-Sepharose affinity chromatography of unfractionated human 
lymphocyte supernatants and re~hromatography of each peak 

WS LT on WGA-Sepharose 
pm 

Non-bound peak Bound peak 
72:; 28% 

Reapply to WGA-Sepharose Reapply to WGA-Sepharose 
i s i 

Non-bound peak Bound peak Non-bound peak Bound peak 
91:” 9u0 Og;, 100°’ /O 

The material from each peak from the first column was pooled, the bound material 
was dialyzed vs. PBS to remove NAG, and each was concentrated to 2OOnl. 100 ~1 of 
each was used to determine the amount of activity using the L cell assay and was 
expressed as per cent of the total. 100 ~1 of each was reapplied to the WGA-Sepharose 
column. Each of the peaks from these rechromatographed samples were pooled, 
concentrated, and tested on L cells to determine amount of activity, and again 
expressed as per cent of total. 

Table 3. The binding of various mol. wt 
human LT classes to WGA-Sepharose 

affinity columns 

LT class 
Per cent 
unbound 

Per cent 
bound 

Cx-LT 75 25 
I-LT 67 29k4 
@-L-r 77 23 

Samples containing different mol. wt 
human LT classes were applied to and 
eluted with NAG from WGA-Sepharose 
columns, as described in Fig. 2. Fractions 
were tested in duplicate for LT activity, as 
described in Materials and Methods, and 
the variation was between 2 and 57,. The 
results were plotted as those in Fig. 2, and 
the per cent of total activity bound or 
unbound was determined by integrating 
the area in each peak. 

(a) 

05 
Fraction No 

three mol. wt LT classes show some binding to the 
WGA, indicating the presence of SA and/or NAG 
residues on up to 30% of the molecules from each class. 
Another experiment performed on the u LT class 
showed 25% of this material bound to the column, 
which is a value essentially identical to the previous 
experiment. 

(IV) ide~t~~ca~~on of carbohydrate moieties on the u 
sub-classes of hurnan LT 

The LY class of LT molecules has been shown to 
contain three sub-classes when separated by DEAE 
ion exchange chromatography. Since as much as 30% 
of the c( mol. wt class of human LT molecules contain 
SA and/or NAG, studies were employed to determine 
if they were present in a single sub-class, or on a 
portion of the molecules in each of the sub-classes. The 
ol-class of LT molecules was fractionated into three 
sub-ciasses, CC,, a,, and CQ, by 

01 
5 IO I5 20 

Fraction No. 

ion exchange 

Fig. 3. Affinity chromatography ofhuman c(-LT sub-class molecules on WGA-Sepharosecolumns. Twenty 
to 40 units ofeither c(,-LT activity (a) or a,-LT activity(b) were applied to a 0.1 ml WGA-Sepharose column 
and allowed to bind for 1 hr at 4°C. Ten 0.3-ml fractions were collected while washing with PBS, followed by 
10 fractions while washing with 0.2 M N-acetyl-glucosamine in PBS. Duplicate 100 bf samples from each 
fraction were assayed for lytic activity on L cells, as described in Materials and Methods. The average was 
determined and plotted as per cent viable cells vs fraction number. There was from 2 to 5% variation at each 

point. 
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Table 4. The binding of two human u-LT sub-classes to 
lectin-Sepharose columns 

~..._ 

LT Sub-class Lectin-Sepharose Per cent 
tesied column employed LT bound 

--- 

a, WGA X&S 
1 t RCA JO& 3 
%I Coil-A 9Lt_5 

z WGA 12_rs 
X? RCA 3X&8 
12 Con-A 5027 

..~ 

The samples were applied, eluted. and the per cent of LT 
bound was determined as described in Table 3. 

chromatography on DEAE cellulose, as shown in Fig. 
l(C). A sample containing approx 40 units of LT 
activity of sll or rz sub-class was applied to a WGA- 
Sepharose column, and assayed as described 
previously. The results from this experiment are shown 
in Fig. 3. These data indicate that LT molecules in each 
of these sub-classes show some binding to the WGA 
column. The elution profile of a1 shows a slight. broad 
peak of material eluting with NAG, whereas the CI~ 
elution profile showed a sharp, well defined peak of 
activity eluting with the saccharide. These data 
indicate the presence of SA and/or NAG on a small 
portion of molecules in each sub-class. 

In an attempt to determine if one sub-class 
contained different carbohydrate than another sub- 
class, samples containing %I and tla LT activity were 
tested on Con-A-Sepharose, and RCA-Sepharose 
columns. The results of a single experiment where both 
of these a-LT sub-classes were passed over three 
different lectin-Sepharose columns are presented in 
Table 4. It can be seen that both sub-classes contain 
about the same amount of material that exhibits 
significant binding (3%40”,,) to the RCA columns. 
However, a difference was seen in that SO’?; of the rz 
sub-class and only 9”i, of the TV, sub-class was bound to 
the Con-A column. From 8 to 12Y, of the activity of 
both the c[~ and Q sub-class was bound to the WGA 
column. A second experiment employing a separate u2 
fraction gave essentially identical results when 
separated on the RCA column. These results indicate 
that both LT sub-classes contain about the same 
amount of NAG and/or SA. and gal and/or NAGal, 
but the rz sub-class contains much more man and/or 
glu than the off sub-class. 

Experiments were designed to determine if the 
saccharide moieties detectable by lectin affinity 
chromatography on LT molecules were necessary for 
lytic activity, as measured on L cells in vitro. Two types 
of studies were performed: (a) saccharides were added 
directly to unfractionated LT containing lymphocyte 
supernatants, and their lytic activity was tested; and (b) 
unfractionated LT containing supernatants and Q class 
LT molecules were treated with neuraminidase as 
described in Materials and Methods, and their lytic 
activity was tested. The results of studies employing 
unfra~tioned whole supernatants are shown in Table 5. 
It is clear that lytic activity as measured on L cells in 
~ilro was not affected by either treatment. 

Table 5. The effect of the presence of various sacchartdes or 
neuraminidase treatment on ~1 r,if~ lytic activity of LT in 

unfractionated human lymphocyte supernatants 
_.-..-.. .-.. “. 

Treatment Per cent cell lysis 

None hlii 

+ 10 mM N-aceryl-glucosamine 62k2 
+ 100 m,ZP ?i’-acetyl-Flucosamine hi*5 

+ IO m,?~f gaiactose 7121 
+ 100 m&f galactose 7521 

+ IO InM k&se 63+5 
+ 100 m.M lactose 63+2 

+ IO m!4 mannose X6i: I 
+ 100 mM mannose 692s 

+ 10 mM z-methyl-mannoside 62+2 
+ 100 mW z-methyl-mannoside 7x24 

+ 100 m.W fucose 17*2 

+ Neuraminidasc 6823 
--~I__ 

Ten microliters of unfractionated LT ~~~ilt~ining 
s~ipern~t~nt from activated human i~mphocytes was either 
mixed with medium with or without the saccharides or 
neuraminidasc treated and mixed with medium, and 
duplicate samples placed on L cells overnight Lytic activity 
was measured as described in Materials and Methods. 

(VI) Studies to determine ij the curbohjdrute moieties 
present on c(-LT rmlecules contribute to charyr 

heteroyeneity. 

Human a-LT molecules are heterogeneous and elute 
as multiple lymphotoxin peaks when examined on 
DEAE-cellulose ion exchange chromatography. 
Figure 4(A) shows a typical elution profile obtained 
when human cr-LT is applied to DEAE-cellulose. 
Three distinct peaks are obtained, with a broad middle 
peak termed the cz2 sub-class. Furthermore, the DEAE 
CI~ sub-class shows additional peaks when separated by 
phosphocellulose chromatography (Granger et ul., 
1978). Sialic acid, a highly charged carbohydrate, can 
be specifically removed from glycoproteins with 
neuraminidase (Parham rt a/., 1974). Since specific 
binding by some molecules of the a,-LT sub-class to 
the WGA-Sepharose column indicates that sialic acid 
moieties may be present on these molecules, treatment 
with neuraminidase could remove these moieties and 
cause a change in the charge. Thus, the elution profile 
of neuraminidase treated c(~ molecules on DEAE may 
be altered. The 3, peak in Fig. 4(A) was pooled as 
shown by the hohzontai bar, concentrated to 1 ml. 
neuraminidase treated, and rechromatographed on 
DEAE, as described in Materials and Methods. As 
shown in Fig. 4(B)> 22-23’;, of the neuraminidase 
treated material now elutes in the a, peak. We termed 
this new material x,N. When chromatographed on 
WGA-Sepharose, this material does not bind, 
indicating that the SA residues were removed by this 
treatment. However. the r2 peak of the neuraminidase 
treated material (termed QN) is still broad, indicating 
that sialic acid residues do not account for all of the 
charge heterogeneity. In addition, Fig. 4(C) shows that 
a sample of CQ, pooled similarly to that shown in 4(A) 
and re~hromatographed on DEAE without 
neu~minidase treatment, elutes predominantly in the 
rz peak. with no evidence of n, activity. 
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Fig. 4(a). DEAEchromatography of human a class LT. One 
thousand units (3 ml) of wLT activity was treated with 240 
units of DNAse, dialyzed overnight against 2 I. of 0.01 MTris 
(pH 8.Ow.l m&f EDTA at 4.C, and applied to a DEAE 
column equilibrated with the same buffer. Three millilitre 
fractions were collected while washing with 30 ml 0.01 M 
Tris-O.1 mM EDTA, followed by a 100 ml CO.3 M NaCl 
gradient in the same buffer. A final elution was performed 
with 30 ml of 1 M NaCl in the same buffer. Duplicate 100 ~1 
aliquots from even numbered tubes were assayed for LT 
activity on L cells. Conductivity was measured on the odd 
numbered fractions. Results are plotted as per cent cell 
viability vs fraction number. (b) DEAE chromatography of 
neuraminidase treated human (x,-LT sub-class. Fractions 
16-32 of the column shown in (a) were pooled, concentrated 
to 1 ml, treated with 1.5 units of neuraminidase, pH 5.5, for 4 hr 
at 37”C, and dialyzed overnight against 2.0 I. 0.01 M Tris 
(pH SW.1 mM EDTA buffer at 4°C. The sample (3 ml) 
containing 800 units of LT activity was applied to a DEAE 
column, eluted, assayed, and plotted as described in (a) 
above. (c) DEAE rechromatography of untreated human 
a,-LT sub-class. Fractions 1632 of a similar column to that 
shown in (a) were pooled, concentrated to 3 ml and dialyzed 
overnight against 2.0 I. 0.01 M Tris (pH 8kO.l mM EDTA 
buffer. The sample was reapplied to a DEAE column, eluted, 

assayed, and plotted as described in (a) above. 

(VII) Studies to determine ij’neuraminidase treatment of 
the a2 sub-class of human LT molecules alters their 
antiyenicity 

The previous studies showed that treatment of a2 
sub-class LT with neuraminidase followed by DEAE 

Table 6. The ability of rabbit anti-a, and anti-cc,-LT antisera 
to neutralize neuraminidase treated DEAE separated a,N 

and aZN human LT molecules in vitro 

Per cent neutralization 
obtained with each 
anti-LT antiserum 

LT sub-class 
tested Treatment Anti-a, Anti-cc, 

None 100 100 
None 34+2 100 
Neuraminidase 51+3 96k4 
Neuraminidase 32kl 100 

The g2 sub-class was neuraminidase treated and 
rechromatographed on DEAE. Four units of LT activity 
from each of the peaks eluting as aI (termed a,N) and a2 
(termed aZN) were incubated for 1 hr at room temp with each 
antiserum. Four units of LT activity from the untreated a, 
and a,-LT sub-classes were also incubated with each 
antiserum. Duplicates from each were placed on L cells 
overnight and tested for lytic activity. Values for per cent 
neutralization were obtained as described in Materials and 
Methods. 

chromatography resulted in the appearance of a 
separate peak eluting as an aI sub-class (a,N) 
containing approximately 20% of the original a2 sub- 
class LT activity. Antibodies have been prepared in 
rabbits against a1 and a2 sub-class human LT 
molecules. The anti-a, antiserum reacts strongly with 
the a1 sub-class LT molecules and weakly with a2 in 
neutralizing lytic activity in tlitro and the anti-a, 
antiserum reacts strongly with both the a1 and the a2 
sub-class LT molecules (Yamamoto et al., 1978). These 
antisera were used in neutralization experiments to 
attempt to distinguish the neuraminidase treated 
forms (a,N and azN) of a2 sub-class LT from one 
another. Each of these antisera were incubated 1 hr at 
room temp, as described in Materials and Methods 
with either the al, a2 or neuraminidase treated a,N and 
a,N forms. Duplicate samples from each incubation 
were tested for lytic activity on L cells, and per cent 
neutralization was calculated as described in Materials 
and Methods. The results are given in Table 6. These 
antisera neutralize the untreated a, and a2 sub-classes 
as expected. The anti-a, antiserum completely 
neutralized the activity in each of the neuraminidase 
treated fractions. The anti-a, antiserum reacted only 
weakly with the neuraminidase treated a,N and a,N as 
if they were untreated CQ fractions. Therefore, the 
neuraminidase treatment, while it alters the charge, 
does not appear to alter the antigenicity of these a1 
sub-class molecules. 

DISCUSSION 

The objective of the present study was to determine if 
human LT molecules contain carbohydrate. Direct 
chemical analysis is not possible at the present time, 
since these molecules are not obtainable in sufficient 
quantities. Instead, affinity chromatography was 
employed to analyze LT for the presence of 
carbohydrate by using three different lectin-Sepharose 
columns capable of selectively binding various 
saccharides. We then tested the capacity of human LT 
molecules to bind to and be eluted from these columns. 
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It is clear that these lectin-Sepharose columns can bind 
from 10 to 50% of the human LT activity present in 
both unfractionated lymphocyte supernatants and in 
fractions containing various LT mol. wt classes and 
sub-classes. 

The amounts of LT activity bound to the lectin- 
Sepharose columns varied, depending upon the type of 
lectin employed and the fraction of LT tested. The 
initial experiments examined the capacity of 
unfractionated LT molecules in lymphocyte 
supernatants to bind to WGA or Con-A-Sepharose 
columns. These results demonstrated that up to 607, of 
the cytotoxic activity bound to Con-A and 30”; to 
WGA. indicating the presence of Man and/or Glu and 
NAG and/or SA on these molecules. The next studies 
were conducted with individual mol. wt classes to 
identify which contained carbohydrate. Between 25 
and 35”,b of the activity in each class tested contained 
NAG and/or SA. Further and more extensive studies 
were conducted with zi and CI~ LT sub-classes. These 
results indicated that different carbohydrate moieties 
are expressed in each of the cc sub-classes and to 
different degrees. About the same amount of LT 
cytotoxic activity in each of the sub-classes appears to 
be associated with NAG and/or SA and with Gal 
and/or NAGal, as detected by these methods. 
However. three times more of the LT activity in each 
class is associated with Gal andjor NAGal than with 
NAG and/or SA. The major distinction between the pi 
and “Z sub-classes appears to be in the amount of Man 
and/or Giu detectable on these molecules. Fifty per 
cent of the r2 activity bound to the Con-A-Sepharose 
column, but only 10% of the CI, activity bound. 

As can be seen from all of the above data. human LT 
molecules are very heterogeneous in respect to their 
carbohydrate content even within individual sub- 
classes. for there is always a portion of the LT activity 
that does not bind to the column. However, this non- 
binding peak is not due to column overloading, 
because the beads have a vast excess of lectin binding 
sites (5-P mg protein/ml beads) to the amount of LT 
applied ( -=z 2 pgf. Also. careful studies have shown that 
protein does not bind to these columns. When 5 pg of 
lzsI BSA at 2.3 x lo5 countsimin per cfg were applied 
to WGA or RCA columns, only 3.07; was found to 
elute with the competing saccharide. Furthermore, 
when the lectin adherent fraction was re- 
chromatographed on the same column. 100% of the 
activity bound to the column. 

While binding of human LT molecules to the lectin- 
Sepharose columns indicates qualitatively the 
presence of certain saccharides, this study does not 
attempt to quantitate nor to precisely identify these 
saccharide moieties. A variety of factors can effect the 
binding specificity and affinity of the lectin for its 
ligand (Nicolson? 1974). These include the affinity of a 
lectin to an oligosaccharide vs a monosaccharide, the 
specificity of a lectin for internal vs terminal residues, 
and the accessibility of the residues to interact with the 
lectin (Nicolson, 1974). Probably because of this 
complex binding specificity of lectins, additional 
experiments, not shown, revealed that a portion of the 
bound LT activity could be eluted using a non-specific 
saccharide. However, when this was followed by 
elution with the specific saccharide, the remaining 
amount was eluted. Due to the limited quantities of LT 

available. we were able to measure only the level of 
cytolytic activity bound by the column and not pug of 
protem. Because the specific activity ofthese molecules 
may differ. this may not reflect the actual percentage of 
molecules bound. In addition to this: certain forms of 
LT are unstable when highly refined. and therefore not 
all classes and sub-classes could be examined 
thoroughly (Hiserodt & Granger, 1976). However. 
when columns were repeated. i.e.. unfractionated 
supernatant on Con-A. s(-LT on WGA, and r,-LT on 
RCA, the results were highly reproducible. 

One of the reasons for determining if LT molecules 
contain associated carbohydrate was to ascertain if 
these molecules may account for some of the charge 
heterogeneity previously detected in the human r-LT 
mol.-wt class (Granger ei ui., 1978). While the situation 
is complex. it does appear that sialic acid residues may 
contribute to some of the heterogeneity in this mol. wt 
LT class. Neuraminidase treatment removes sialic acid 
residues which changes the charge on the remaining 
molecules. Conditions of neuraminidase treatment 
identical to that which completely removed the micro- 
heterogeneity of human HL-A antigen changed the 
charge on only approx 20”” of the r,-LT as detected on 
DEAE cellulose (Parham cr ui.. l974). These results 
are in basic agreement with the binding on the WGA 
Sepharose column. which indicated that only 12”, of 
the cytotoxic activity had terminal sialic-acid residues. 
The remaining x2 peak did not give a sharp profile. The 
trailing of this peak may be due to residual protease 
activity in the neuraminidase preparation. although 
BSA was added in excess to minimize these effects. The 
heterogeneity seen in these LT molecules is clearly 
more complex and is not due entirely to the presence of 
sialic acid. 

Since the neuraminidase treatment changed the 
charge on some of these a,-LT molecules. we next 
determined if this altered their antigenicity. We found 
that the antigenicity of both of the fractions from the 
DEAE chromatography of the neuraminidase treated 
+LT did not differ from that of the untreated rZ 
material. This indicated that the sialic acid moieties do 
not contribute to the antigenic determinants on these 
molecules. 

We have demonstrated that human LT molecules 
contain carbohydrate, therefore. we attempted to 
determine whether saccharides play a role in cell lysis 
in vitro. It has been shown that saccharides play an 
important role in the action of other lymphokines. 
Remold (1973) has shown that fucose is involved in the 
guinea pig MIF receptor site on the macrophage 
membrane. A similar situation has been shown with 
human MIF and leukocyte inhibition factor (LIF) by 
Rocklin (1976). Geczy (I 977) also showed that 0. I 44 
fucose could abolish or inhibit guinea pig MF activity. 
Kobayashi et ul., (1978) has removed with trypsin and 
isolated a small glycopeptide from the L-929 cell that 
blocks guinea pig LT binding to L cells. In addition. he 
found that the P-D-gatactosyl residue at the non- 
reducing terminal of the sugar chain is an important 
part of the LT receptor. However, when various 
saccharides, including fucose and galactose, were 
added along with human LT to L cell monolayers, we 
found this had no effect on the in+itro lytic activity. 
These observations suggest that. unlike other 
lymphokines tested, these simple sugars do not appear 
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to play a role in LT cytotoxic activity. However, this 
does not exclude the participation of more 
complicated forms of oligo saccharides in this reaction. 
Saccharides may be involved in the release of LT from 
the lymphocyte or in the aggregation of the molecules 
in the soluble form to form the high mol. wt LT 
complex class (Hiserodt et a[., 1978). 
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