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ABSTRACT

Lymphotoxin (LT) is a cytokine synthesized by
'cytotoxic T lymphocytes, B cells and natural killer
cells. This cytokine is very'éimilar to tumor necrosis
.factor (TNF) in both structure and in certain functions.
LT has been shown to induce cytotoxic, antiviral and
growth enhancing activities in a variety of cells
(Andrews'ét al., 1990) . LT has also been shown to be
essential for the proper development of peripheral
lymphoid organs in mice (Togni et al., 1994) and is
thought to play a rble in the pathogenesis of certain
autoimmune diseasés (Ruddle et al., 1990), but its role
in human development and in the immune response is still
podriy(understood. One method that will help build upon
our knowledge of this cytokine involves placing site-
specific mutations in regions of the LT gene thought to
be important in receptor binding and in protein
structﬁre; One such mutation involves an N-linked
glycosylation site present on the membrane bound form of
LT (mLT) but abgent-on the soluble form. By preparing a
mutant LT-B gené that lacks this glycosylation site, it
will be possible to analyze a proposed model for LT
structure and ligand fecepfor interactions.

In this study, suqh a mutant was prepared using a

polymerase chain reaction (PCR) overlap extension

S iii



technique to introduce’a site-directed single base
substitution that destroyed the consensus sequence for
‘N-linked glycosylation, replacing an aéparagine residue
with a serine residue. It is believed that this
substitution results in loss‘of the N-linked
glyCOSylation site while not significéntly altering
protein_confotmation. The presénce of the desired
mutation was confirmed using dideoxy DNA sequencing
analysis and thé mutant cDNA cloned into the pcDNAl-amp
plasmid;’_E. Coli were transformed with this clone and
positive‘transformants uéed in the pfeparation of
maxiprep DNA. The DNA obtained was transfected into
cos-7 mammalianvceils and protein expression analyzed.
It was found tﬁat neither the mutant or wild-type LT-B
transfectants produced protein bands when labeled with
monbclonal‘LT—B antibodies and immunoprecipitated.
These re3ults‘may indicate that LT-B 1s rapidly degraded

when expressed without LT-o.
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Introduction

The cytokines. are a diverse group of proteins that play
key roles in the éffector phases of both the natural and
specific immune résponses. Cytokines can be produced by and
act upon a wide vériety of cell types to regﬁlate immune and
inflammatory respénses, as wéll as to influence the syﬁthesis
and actions of otﬁer cytokines and their receptors. The
effects‘of many c§tokines can vary depending on when and
where they are expressed aﬁd upon the.presence of other
cytokines. It is this extreme variety of effects that helps'
give the immune system its flexibility This pleotropic
‘response ability,;although invaluable to the organism, has
made the study and understanding of these proteins rather
problématic. Théimechanisms used by these molecules to
elicit such a wide and apparently very specific variety‘of
cellular reaction§ are still poorly understood. Over the
past decade, moie;ﬁlar and recombinant DNA technology has
given us some inéight,into how these molecules interact with
each other and with—vari§us receptors to cause the wide range
of responses Séen:iﬁ‘the immune - response.

Oné family oﬁ?cytokinesbthaﬁ appears to play a major
‘roléiin.theiinfla@matory response 1s the tumor necrosis
factor‘(TNF) fémiiy of cytokines.‘ TNF, and the closely

related cytokine iymphotoxin (LT), régulate or participate in



all major phases of the‘cytotxic'T‘lymphocyte (CTL) 1lytic
pathway (Ware et_gl,;H1§9b). Tﬁe importance of these
cytokines in the-immune responée is illustrated by the
meéhanisms_that viruses such as the Pox, Adeno and human
immunodeficiency_virﬁs_(HIV), have:develobed to defeat or
utilize them (Smith et al., 1991; Horton et al., 1991;
Gooding, 1992). Thefe is also evidencé'that these cytokines
play a role in ce#tain autoimmune diseases (Ruddle et al.,
1990) and in genefic diseases linked to abnormal immune
function (Hollenbéugh et al., 1992; Allen et al., 1993;
Korthauer et al., 1993; DiSanto et al., 1993; Smith et al.,
1993) .

TNF is expressed by a wide range of cell types in
response to antigéhs and other inflammatory stimuli (01d,
1985) . Although the major source of TNF is the
lipopolysaccharide kLPS) activated mononuclear phagocyte, it
is also secreted by activated T cells, natural killer (NK)
cells and mast ceils (Abbas, 1991). Both the soluble and
membrane-associated forms of TNF are composed of identical
subunits that asséciate to form a homotrimer. The first two
exons of TNF encode a region that contains a 76 amino acid
residue that funcﬁions as a membrane anchoring domain. This
26 kDa membrane bound form of TNF is the precursor of the
secreted form,‘which is released from the membrane anchoring
domain by proteolytic cleavage as a 17 kDa polypeptide.

(Kriegler et al., l988).



LT»is a protéin secreted by ¢ytotoxic T lymphocytes
(CTL), B cells and Natural Killer (NK) cells (Paul and
Rﬁddle, 1988; Waré et al., 1992) as part of the inflammatory»
énd immune respohée.' The predominant species of LT is a 25
kDa glycoprotein in humans, with a c¢cDNA encoding for a 205

; amino acid pélypeﬁtide. This protein is very closely related
tb TNF,dnd éppear;‘to play a role in the response of CTL
against virus infécted and malignant cells (Ware et al.,
1990). Recently, LT has also been shown to play a role in
thé‘proper development of peripheral lymphoid.organs in mice
(Togni et al., 1954), as well as being implicated in the
pathogenesis of certain autoimmune diseases “(Ruddle et al.
1990) . :

~ The genes,fof TNF and LT have been cloned and are
closely linked ihithe class IIIiregion of the major

'histocompatabilit§ complex (MHC) on human chromosome 6. They

'share 56% homolog? at the nucleotide level, -31% homology at
the amino acid level (Andrews et al., 1990) and also have
very similar introﬁ;exon arrangements (Spies et al., 1986;
Nedwin et al., 19é5). The secreted form of LT (LT-a) and TNF
share similar quaternary structﬁres, assembling as homologous

trimers (Jones et_al., 1989; Eck et al., 1988, Smith and
Baglioni, 1987).

‘ de‘receptoré (TNFR) have been:identified with high
affinity for TNF énd LT-o0 (Hohmann et al., 1989; Vilcek and

Lee, 1991). One,ﬁa'60 kDa protein (TNFRg,) is believed to be



sufficient for initiating cytotoxic function and responses

- controlled by the nuclear binding protein NF-kB (Schultze et

| l.,,1992). The other is an 80 kDa receptor (TNFRg,) important
in the mediatlon of T-cell responses, the conferring of
-protectlve tumor 1mmun1ty in vivo and is the cause of many of
- the toxic effects. caused by TNF admlnlstratlon (Vandenabeele
et al., 1992; VanfOstade et al., 1993), Both receptors can
be shed folloWing}protein kinase}C activation, causing down-
regulation ofcthe€Cellular response and giving the organism
an addltlonal method by Wthh to modulate the immune reaction
to TNF or. LT-a (Dlgel et al r 1992)- - The blndlng of TNF to

_ the TNFR occurs at 31tes w1th1n the cleft created at the
subunit interface. (Zhang et al. l992), as demonstrated by ‘
X-ray crystallography studies of LT-o bound to TNFRg, (Banner‘
et al. 1993) | The 51gnallng mechanlsms used by the "TNFR to
1n1t1ate cellular responses are not yet known, but it does
appear that multlple 31gnallng pathways are present. The use
of these receptors by both LT-o and TNF explains certain
similarities in their biologic activity. In:fact, the
original bioloolcal characterizations of TNF and LT showed LT
to be abmuch lessbpotent cytokine in vitro and to functlonbas
a partial agonist;tollNF (Browning and Ribolini, 1989;
Andrews et al., 1990). This led to a hypothesis that LT was
simply a poorly redundant:cytokine,‘although more recent
~evidence would seem to indicate that this is not the case.

Like TNF, LT is also seen in a membrane bound form, but



it differs in the method of membrane attachment. Membrane
bound LT (mLT) is.a heterotrimer containing LT-o subunit (s)
“associated with thé extracellular domain of a 33 kDa protein
(p33) (Browning et al., 1991) which also contains
transmembrane and éytoplasmic domains. Cloning of the gene
encoding p33 led';o the discovery that it was homologous to
LT-a and TNF and ﬁas encoded next to the TNF and LT-a locus
on the MHC with similar intron-exon arrangements. These
similarities led to the designation of p33 as LT-f (Browning
et al., 1993)(Figﬁre 1). The form of mLT most frequently
observed is a heterotrimer composed of two LT-o monomers
associating earlyiin biosynthesis with a single LT-B monomer
(Androlewicz et ai., 1992) (Figure 2). Trimers composed of
one LT-o and two LT-B subunits have also been observed, but no
naturally occurriné LT-B homotrimers have yet been discovered.
Although littlé is.known about the function of mLT, recent
evidence implicates mLT in the killing activity of lymphokine
activated killer (LAK) ceils towards various tumor cell lines
(Horiuchi et al., 1994).

The known receptor binding sites on LT-o occur within
the cleft formed«ﬁy the subunit interface (Banner et al.,
1993), which implies that up to three TNFR may bind a single
LT-a trimer cémplex (Pennica‘et al., 1992). This binding of
multiple receptors has distinct biological implications,‘.
since reCeptof clustering may lead to a heightened or

different cellular response (Engelmann et al., 1990). This



is even’mOre.siéﬁificant‘iﬁ thexdase of LT and TNF, where
different comiaina'tions‘ofiTNlE»'R60 and TNFRg, recéptors could
potentially leadTﬁo a‘widé;variet§‘of'résponses. This
heteroﬁeric clustering has been found to play a role in the
pleotropic cellular responses to TNF (Véh Arsdale et al., in
preparétion) wheré different cellular responses to TNF occur
when heteromeric receptor clustering takes place versus those
seen when clustering of only one réceptor type occurs. When
receptor clustering’does not occur, a weaker cellular
responsé is obéerVed. This could explain thé original
observations thatiLT binding to the TNFR led to a weaker
cellular response’than that caused by TNF if the predominant
form of LT present was mLT, a form that could theoretically‘
bind at most one TNFR at the o-o subunit interface and hence
not lead to recepFor clustering. A receptor specific for the
LT-fB subunit integface has been discovered and has been
termed LT-BR (Croﬁe et al., 1994). Like the TNFR, this
receptor is a member of the TNF/Nerve Growth Factor (NGF)
family of receptors (Figure 3), a family characterized by
strong homology iﬁ the cysteine rich N-terminal portion of
the receptors (Goodwin et al., 1991). There is also evidence
to suggest that a receptor specific for the o-f interface does
exist (Crowe, personal communication), as evidenced by mLT
binding even in the presence of anti-LTBR and anti-TNFR
antibodies. Thiskreceptor has not yet been isolated and any

cellular signals generated by it are still unknown. These



disaoveries-imﬁlica;e a wider role for LT in both the immune
b»reeponsevand ih‘development‘than was previouely thought and
demonstrate the importance of learning more about LT and the
: mechanisms it‘utiliZee by studying it at the molecular level.
Current models for the structure of mLT may lead to a
beﬁﬁer;underetanding not only of its true'fuﬁctionp but also
of the immUne system in general. A model has been proposed
(Ware, uhpublisheé data)riniwhich the binding of the LT
ligand"Qith its'receptor is dependent upon the type of
subunit interface present (Figure 4). 1In this model, LT can
exiet as one of_foar potential trimers.v LT—a, the secreted o
\form of LT compceed of three identical LT-asubunits (a3) haS-
already been structurally ﬁell characterized. Although
little is yet kncﬁn about the 3-D structure of LT-B, its
sequence similarity with LT-o and TNF allow for'some general
_aSSumptions to'beﬁmade in generating this model. The‘three
cther potehtial_sérUctures each containvLT—B"eubunits as shown
in figure 4‘(a231,‘a132, B3) . As the number of LT- subunits_
ihcreases, the number of TNFR binding sites decreases and the
number of,LT—BR Sices increases. Binding of the TNFR hascbeen
‘shown to occur wiﬁhin the aéabsubunit cleft and it 1is
theorized that LT}ﬁR binds'withinithe'B—B cleft. These
changes in receptcr binding s?ecificity would explain the
variety of cellular respoaSes,seen upon LT exposure and>would
theoretically allow the organism to modulate its immune

response by alterihg the predominant species of LT or



receptor present.

One major difference between LT-o and LT-B subunits is
the presence of an N-linked glycosylation site on LT-B located
very near the region where TNFR binding obcurs in LT-a (Figure
5) . Based upon predictions'of the 3-D conformation of the o-f
subunit interface, TNFR binding within this cleft may be
blocked by the carbbhydrate attached to the N-linked
glycosylation site. If this is the case, this would be a
novel and previously unseen method by which natufe has
regulated receptor binding by the presence or absence of a
carbohydrate.

In this study; LT—B was mutated‘to remoVe this N-linked
glycosylation sité’so that studieé'could be carried out to
examine the role ¢f»thié sité_in LT‘function. The
.~ preparation of avmutaht LT—Bgéneviécking this site will allow
for'further analysis of the:;ole the-éugar residue normally
~present plays (ifgany) in étearicaily hindering the effective
binding of the TN%R bound by-LT—d, which would potentially
lead to a differeﬁt cellular response. It is élso possible
that this sugar residue may play a role in trimer
construction by pfeventing three LT—B.subunité from
interacting to fofm a trimer. This would explain the lack of
finding such a homotrimer in,nature. By creating this mutant
gene, it will be ﬁossible to look at these and other
relationships betwgen this reéidue and LT receptor binding

specificity and trimer formation, as well as cytotoxicty.



'MATERIALS AND METHODS

Generation of 5’i and. 3’ PCR fragments cohtaining‘ithe
desired mutatiﬁn;.The amino acid consensus sequénce‘for N-
tlinked glycosylation is asparégine (N), any amino acid‘(X),
“sérine (S)/threonine‘(T) (NXS/T) . The N residue of LT-B haS'
substituted through the use of two pairs of PCR primers
(Figure 6) . -In one reactidn, a 710 base pair (bp) fragment
which included thé LT-B seduence encéding amino'acid residuéé
1-225 was PCR ampiified with the external 5’ primer
(5’pCDM8/LT—B) and.ah internal primer (3’LT—3N—S02) containing
sequences encodingis instead of N in thevmiddle region of the
primér. In a seéénd reaction a 3’ external primer (3'/LT-
B/Not1l) and.an internal primer (5’'LT-BN-S02) were used to
amplify LT-B amiﬁo acid residues 219 through the stop codon
and 3’ untranslated region (UTR) to yield a 107 bp fragment.
This internal primer again contained sequences.that repiaced
the N with an S aﬁd was complimentary to the other internal
primer. Both seté of primersbwere obtained from Cruachem and
~diluted to a concenttation of 50 uM with distilled water
(dH,0) . Reaction ¢Qnditions-foraboth fragments were
identical, except the‘S; ;eaction mixture contained 10%
diméthylsulfoXide‘(DMSQ); tReéétions'were catried out in 0.6
ml thin walledjmicrofuge‘tubés (Midwest Scientific) in a

thermal cyclef (MJ Research Minicycler). Each fragment was



generated using O.Scul‘(338 ng) of wild type LT-B cloned in
the pCDMS8 plasmialasva template. Thié7template was a
generous gift frém Dr. J. Browning (Biogen, Inc. Cambridge,
MA) . The readtibn also included 4 ﬁl'(200 UM each)
deoxynucleotidé t;iphosphate (dNTP) mix, 6 ul (1.5 mM) MgClsp
and 10 pl iOX PCR buffer (Perkin Elmer); The 5’ fragment
also had 10 pl of DMSO added to the tube. One microliter
(0.2 uM) of each of the appropriate 5’ and 3’ primers was
added and the réaction vessel brought up to a volume of 99.5
pl using dH90. The tubes were placed in the thermal cycler
and the tempe:atﬁre increased to 97°C for 1 minute, then 0.5
pl (2.5 Units) of DNA Ampli-Taq Polymerase (Perkin Elmer) was
added to each tube. The samples were then Subjected to 30
cycles of denaturation (95°C/1 minute), anneéling (58°C/1
minute) and extension (72°C/45 seconds). This was followed by
a 4 minute 72°C extension and the reactions were then cooled
to 4°C. The PCR products were run”on a 3% Nu-Sieve agarose
(FMC) minigel in ﬁris—acetate—EDTA (TAE) buffer (0.04M tris,
0.001M EDTA) for one hour at 100 volts and the desired bands
excised and pﬁrified using FMC Spin Bind coiumns. The DNA
products were eiuted from the columns using 50 pl tris-EDTA
(fE) buffer (10 mM tris+-Cl, 1 mM EDTA), pH 8.0, and stored at

-20°C.
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‘quning of fragﬁents by PCR Overlap Extension to
obtain full length mutant. The 5/ and 3’ fragments were
combined following gel purification to yield the full length
mutant DNA via an overlép1extension techniqﬁe (Figure 7).

Ten microliters DM§O, 10 pl 10X PCR buffer, 6 pul (1.5 mM)
MgCl,, 4 pl (200'uM‘each) dNTP’s, and 200 ng of each of the 5/
and 3’ fragments obtained above were mixed and the volume
brought up to 97.5 ul with dH,0. This mixture was denatured
at 95°C for 1 minﬁte, and 6.5 ml (2.5 units) Tag polymerase
added. Five cycles were then carried out using a 95°C/1
minute denaturatién, 45°C/2 minute annealing and 72°C/3 minute
extension step. gollowing this, 1 pl (0.2 uM) of the
5’pCDM8/LT-BII primer and 1 pl (0.2uM) of the 3'LT-B/Not 1
primer were added and 25 additional cycles completed with a
modifiecation in ﬁhé annealing step to 50°C/2 minutes. A
72°C/10 minute final extension.step was performed and the
samples cooled tow4°C. Sixty microliters of this reaction was
run through the FMC Spin Bind PCR Product Purification column

and the product run on a 3% Nu-Sieve agarose gel.

Sequence confirmation of mutation. DNA segquence
confirmation of the desired mutation was performed using a
SequehaseiPCR Product Sequencing Kit (United_States
Biochemical) . Three microliters (60 ng) of the mutated DNA
was used as a template in each sequencing reaction.

Sequences were run from both the 5’ and 3’ ends using the 3’

11



oﬁtside primer and a 5’ primer (5’ Seq) (Figure 6) that_cbdes
for an 18 base sequence located 100 bp upstream from the
mutation. First,ian annealing mix was prepared using the
template and 1 ul}(0.2 pM) of the appropriate primer. The
volume of this mi% was brought up to 10 pl with dH,0. The
mixture was denat;fed by heating in the thermal cycler at
100°C for 3 miﬁutes and then rapidly cooled in an ice-water
bath for 5 minutes‘and kept cool on ice. While cooling, 2.5
pl of each termihétion‘mix (A,C,G and T) were placed in
individual microfﬁge tubes. These tubes were prewarmed to
37°C in a water bath. A.lébéling mix Qas prepared by making a
1:5 dilution of the labeling mix supplied with the kit in
dH,0. To the icé—cold annealing mix the following was added:
2 ul reaction bufﬁér, 1 pl 0.1M dithiothreitol (DTT), 2 pl 1:5
diluted labeling ﬁix, 0.5 pul [35S]dATP (Amersham, 1000 Ci/mmol
specific activify) and 2 pl (3.2 units) Sequenase DNA
Polymerase. This ﬁixture was ailowed to incubate at room
temperature for S_minutes and then 3.5 pl was added to each
6f the four termination tubes and incubated for 5 minutes at
37°C. The reactions were then stopped using 4 pul of stop
solution and the samples briefly heated to 75°C immediately
prior to loading énto the gel. The samples were run on a 6%
polyacrylimide gel in an IBI Base Runner 100 electrophoresis
apparatus. Samplés were run at 50 watts constant power for 6
hours (three sets of each sample loaded at two hour

intervals) maintaining gel temperature at approximately 50°C.

12



Following the run; the gel was rinsed in a 5% Acetic Acid/5%
Methanol bath for i5 minutes and then transferred to Whatman
3MM filter paper and dried on a Labconco gel drier for 1 hour
at 75°C, exposed té Fuji X=Ray film for 72 hours then

developed and the sequence analyzed.

Cloning of mutant DNA in pcDNAl-amp plasmid. Once the
mutant sequénce wés confirmed, the DNA was ligated into a
pcDNAl-amp plasmid (Invitrogen) for future amplification and
analysis. The pcDﬁAl—amp plasmid (Figure 7) is an
approximately 4.8vkb high copy number shuttle vector
expressed in both prokaryotic and eukaryotic systems that
confers ampicillin 'resistance in E. Coli. First, 500 ng of
the desired DNA was digested with the restriction enzymes.
Not—-1 (recognition sequence GC*"GGCCGC) and Hind III
(recognition sequence A”AGCTT) (7 Units each, GIBCO) at 37°C
for 6 hours and p?rified using the Spin Bind PCR Purification
System to remove the end fragments and unwanted enzymes. One
microgram of pcDNAl-amp was also digested in this manner and
gel purified to rémove the polylinker and to prepare cohesive
ends for ligatioﬁ;‘ Several ligation reactions were then set
up:as follows. As a cohtrol,‘a 0:1 insert to vector (vector
only) ligation was performed'using 100 ng cut pcDNAl-amp, 2
pl 10X ligase buffer and 0.5 ul (2.5 Units) T4 DNA ligase
(GIBCO) . The rea?tion volume was brought up to 20 pl using

dH,0. 2:1 and 3:1 insert to vector ligations were also

13



prepared as above{ The reactionsvwere allowed to continue
for 16 hours at 16°C and theh were pléced on ice. Twenty
microliters of.GIBCO JM 109:frozen'supercompetent cells were
placed in prechiligd Falcon 2059 tubes and 1 pl of a 1:5
dilution of each ;igation mix in dH,0 was placed into the
appropriate tubes; This mixture was kept on ice for 30
‘minutes, heat sho¢ked at 42°C for 45 seconds and placed back
on ice for 2 minu#es, then 980 pl of SOC medium prewarmed to
37°C was added to‘each tube. The tubes were incubated at 37°C
with shaking at 225 RPM for 1 hour, then 200 pl of each mix
was plated on Lufia Broth (LB) plates supplemented with
ampicillin at a_c;ncentration of 100 pg/ml (amp 100) and
incubated overnight at 37°C. Single colonies were selected
and grown in 2 mi_ﬂB/amp 100 at 37°C overnight. Minipreps
were performed onn1.5 ml of each culture using the Promega
Magic Miniprep ki£; Fiﬁst the cultures were pelleted in a
microfuge at 14,000 rpm for 2 minutes and the cells
resuspended in 10b pl of Promega resuspension buffer, then 1
ml of Promega binding resin was addéd and the solution mixed
gently. This solﬁtion was then placed in a 3 ml syringe and
gently pushed thréugh a Promega Magic Miniprep column,
followed by a wash with 2 ml of 80% isopropanol wash buffer
and eiution with,SO.ul'TE prewarmed to 65°C. The remaining
0.5 ml of culturejﬁas saved as stock for future cultures by
adding 150 pl of 80% glycerol and storing at -20°C. The DNA

obtained was digested with Not-1 and Hind III and run on a 1%
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agarose'gei,to cogfirm the presehce of the desired 760 bp

fragment.

s ﬁa’xiprep of pcDﬁAl-aInp-/ﬁ-T-B Mutant DNA. A culture was
prepared using 106 ul ofithe stored 0.5 ml E. Coli culturé
'which had téstedvﬁoéitive for the mutant inseft previously in
‘the miniprep and_?OO ml of LB/amp 100. This culture was
‘grown overnight aE 37°C. Toiobtain the deéired plasmid DNA
the culture was centrifuged at 12,000xg for 15‘minUtes at 4°C
and the supernaténﬁidiscardéd. ‘The peilet was dissolved in
10 ml1 of resuspenéion buffer containing 100 pg/ml RNase A,
0;1 mM Tris/HC1 aﬁd 10 mM EDTA, pH 8.0. Once dissolved, 10
ml of lysis buffer contéining 200 mM NaOH and 1% SDS was
added and then thé,tUbe was inverted 5 times and incubated at
room temperature for 5 minutes. After incubation, 10 ml of
lysis neutraliZation buffer containing 3;0 M potassium
acetate (KAc), pH55.5‘was then added, the tube inverted
several times ahd then put on ice for 20 minutes. ' The tube
was mixed again~ahd,centrifuged at 30,000xg for 30 minutes at
4°C, Whilé the mixture was centrifuging, lQ ml of column
equilibration buffer containing 750 mM NéCl, 50 mM MOPS
(3—[N—Morpholino]propanesulfonic acid), 15% ethanol and 0.15%
Triton X-100 at aj;pH of 7.0 was added to a QIAGEN tip-500
column and allowea to enter by gravity flow. This was
followed by. the sﬁpérnatant‘obtained from the centrifuged

cell lysate. Oncé the lysate had flowed through the column,
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2 washes were‘perﬁérmed using 30 ml each of wash buffer
containing 1.0 M NaCl;’SO mM MOPS and 15% ethanol at a pH of
7.0. The column bound DNA was then eluted using 15 ml of
éluﬁion buffer containing 1.25 M NaCl, 50 mM Tris/HC1l and 15%
blethanol at a pH>o£ 8.5. To the eluate, 0.7 volumes of room
| temperature isoprbbanol was added and the mixture centrifuged
for 30 ﬁinutes at ;S,OOOXg‘at 4°C. The pellet was then washed
With 15 ml ice—éqla'70%'ethanol and centrifuged agéin.' The
DNA pellet was alioWéd to dry for 10 minutes and was then
rédissolved:ih o,$'m1.TE”pH'3.o;,,The”DNA obtained was

. 3 ; . .
- analyzed on a 1% agarose gel.

Ccos-7 cell cultu%g. _COS*T’mammaliani(monkey kidney) cells
were maintained iﬁ.bdlbecco’s Modified-Eagles Medium (DMEM)
supplemented withilO% fetal calf serum, 2 vaglutamine;
penicillih and Sﬁfepﬁomycin (100'ug/ml éach) in 10% CO,/90%
émbient atmoéphere}at»37°c. The cells were passaged e&éry 3-4

days upon,reachiné“approximately 80-90% confluence.

cos-7 éell transfection. 2.5 x 105 cells were plated into
60 mﬁ culture disﬁes the day prior to transfection and grown
" in DMEM as above.i The cells were rinsed twice with 5 ml warm
phosphate buffere§ séline (PBS) and then with 5 ml of serum
free DMEM. A DNA}Liposome solution was prepared containing 1
pg DNA, 2 ml sefum'free-DMEM and 10 pl LipofectACE (GIBCO) in

a 5 ml polystyreneitube. Tubes were prepared containing
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iLT—a, LT-B, LT-Bp mutant and contrél vector (Cav.Not) DNA. The
solution frém each tube was added to a plate and the platés
incubated at 37°C in 10% CO,/90% ambient atmosphere for 5
hours. 2 ml of DMEM supplemented with 20% fetal calf serum
was then added and the plates incubated at 37°C overnight.

The media was then replaced with 3 ml of DMEM containing 10%

fetal calf serum and incubated an additional 48 hours.

Biosynthetic 1abé1ing'of COS-7 cells. The monolayer of
transfected cells was washed twice with warm PBS. To each
dish, 1 ml of cys)met—free DMEM containing 10% dialyzed fetal
calf serum and glﬁtamine was added and the dish incubated 5
minutes at room temperature. A 150 uCi/ml 35S-cys/met label
(ICN Trans label %10 puCi/ml) was then added and the plates
incubated at 37°C;for 3 hours with occasional rocking. The
supernatant was then removed and transferred to a microfuge
tube. The monolayers were lysed with 1 ml/dish ice-cold
lysis buffer (20 mM'Tris—HCl, PH 8.0, 150 mM NaCl, 2% Nonidet
P-40 (NP-40), 1 mM'EDTA, 40 mM iodoacetamide and 2mM
phenylmethylsulfonyl flouride) for‘10 minutes at 4°C. The
lysates were then éransferred to a microfuge tube and the
tubes centrifugésﬁat 13,000 rpm for 10 minutes at 4°C. Each
sample was‘then t;ansferred to a fresh microfuge tube for
immunoprecipitatién. Each tube was precleared by adding 1 ug
of mouse IgG and 40 ul’protein G—Sepharose (GammaBind G-

Sepharose, Pharmacia). The tubes were capped tightly and
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rocked 1 hour at 4°C, th—én ééntrifuvge’d'briefly to pellet the
protein G beads,aﬁd’the sUpernatant Was‘thehAremOVed and
placed in a new tube. A mixture of 1 ug each of three
bmonoclonal anti—LTiB antibodies (B27; B9 and C37) (BIOGEN) was
added along with 40gpl/tube of protein G-Sepharose to the
tubes containing»éhe-cav.Not control, LT-B and the LT-j
mutant. One‘micrégram of an anti-LT-o monocional antibody
(NC2) (Biogen) aloﬁg with the protein G beads was added to the
LT-o transfection control tube. The tubes were capped |
tightly and‘rockecjjfl 1 hour at 4°C, then céntrifuged briefly to
pellet the‘protei;vG beads. The samples were aspirated and
the beads washed‘ﬁhree times with wash buffer containing 20
mM Tris (Ph 8,0);ﬁé;5% NP-40, 150 mM NaCl, 0.5% deoxychoiate
and 0_05%vsodium §6décyl sulfate (SDS) and once with PBS-
azide (N3) then rééuspended in 50 pul 2x SDS-PAGE sampie buffer
containing 100 mM?Tris—Cl (pH 6.8), 200 mM dithiothreitol, 4%
SDS, 0.2% brOmophénol blue, 20% glycerol plus 4% 2-mercapto-

ethanol and heated for 5 minutes at 100°C.

SDS*Polyacrylimiae' gel electrophoresis (SDS-PAGE).
The samples weretéﬁen loaded on a 12% SDS—polyacrylamide gel
and run overnightfgt 10 mA constant current to separate
proteins. The éel;was then soaked for 30 minutes in 1 M
sodium salicyléte:(fluor) and transferred to Whatman 3MM

filter paper and aried at 75°C for 1 hour. The dried gel was
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exposed to_x—OmatgAleilm (Eastman Kodak) and a Cronex
intensifying screéq‘(Du Pont) for 24 hours at -70°C and

dévelqped}
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RESULTS

Preparation of 5’ and 3’ PCR fragments -containing‘ thé
mhtation, »Throth the use of the two sets of primers
discussed previdﬁély, the expected fragments were obtained.
Agarose gel eletréphpresié’of the PCR products showed bands
at approximately ]10 bp_éhd 107 bp respectiyely (Figure 9).>
The optimizétion'éf reaéent:chcentrations and cycling
parameters resuitéd}in the amplification of only the desired
fragmenﬁs.while a&éidihg'the géheration of non-specific and

unwanted fragments.i

Joining of f:ag;ents vby; fCRﬁléﬁe#lap ExténSion» yields
full-length mutaﬁt;‘ App1ication;of the overiap extenSion 
vtechnique‘using tﬁgptWG‘fragﬁenEé’generated'above yielded a -
760 bp fragment (gigure'Q) which'répresents the full length
mutated‘LT—B qDﬁA:¥ The PCR reaction'yielded approximately 1
ug of DNA, Optimiiation of reagent and cycling parameters

eliminated ndn—spéCifiC fragments.

Sequence confirmétion of mutation. ‘The use of the

' Sequenase PCR Proéuét Sequencing kit allowed for rapid
sequence analySisfof the PCR product. Both the 5’ énd 37 DNA
strands contain;dvthe desired mutation (figure 10) and no
other réndom mutéﬁions were observed within 100 bp either

side of the site%dirécted mutation on either strand.
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Cloning of mutant DNA in pcDNAl-amp plasmid.
Restriction digests of the vector and the PCR product
vreSulted in the creation of compatible cohesive ends that
allowed for specific ligation of the insert in the proper
orientation into_Ehe vector while avoiding religation of
vector alone. No:transformants were noted in the vector only
control plate, while the 2:1 and 3:1 plates both contained 20
transformed coiohies. Miniprep DNA from these colonies were
analyzed by restriction digests and all analyzed coloniesi

contained the expected 760 bp insert (figure 11).

Maxiprep of pcDNAl-amp/LT-B mutant DNA. A culture that
tested positive for the insert in the miniprep was used to
grow a. large cultere for the maxiprep. Appro#imately 250 ug
of pcDNAl—amp/LT—B mﬁtant DNA was obtained from a 200 ml

culture.

COS-7 cell trahefection, biosynthetic 1labeling and
SDS-PAGE. Immunoprecipitétion of cell lysates using
monoclonal antibodies specific fer LT-o or LT-B confirmed that
COS-7 cells were successfully transfected. The
autoradiograph of the labeled precipitates showed a band at
26 kDa representihg the LT-a sample énd indicates a
successful transfection. However, no bands were evident in
samples tranSfecfed with either LT-B or mutant LT-B.

Precipitation of these samples was attempted using three
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different monocloﬁal antibodies thensure the epitope had not
been lost during the mutagenesis, however none of the
monoclonal antibodies precipitated confirming proteins in

either LT-B sample.
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Figure 1. Schematic diagram of the region of

chromosome 6 containing the LT/TNF locus. TNF, LT-a
and LT-Bf are linked within 10 kb in the MHC on human
chromosome 6. ' The exon-intron arrangements for each gene are

similar. LT-B is coded for in an opposite direction from TNF
and LT-ea. Restriction map shows sites for EcoRI (E), Xhol

(X), HindIII (H), BglII (B), KpnI (k), PstI (P) and NcoI (N).
(From Browning et al., 1993) :
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Figure 2. A working model for LT biosynthesis and
secretion. Newly formed LT-a and LT-B monomers can

associate within the lumen of the endoplasmic reticulum to
form trimers composed of a3, a2Bl or alB3 subunits. These
subunits are then processed within the Golgi and transported
to the cell surface for expression as mLT (a2Bl or alB2) or
secreted LT (a3). (Adapted from Androlewicz et al., 1992)
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“TNF Ligand Family
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Figure 3. Members of the TNF ligand and receptor
family. For the ligands, an open box indicates the region
of homology in the extracellular domain where the receptor
binding sites are located, while the filled boxes indicate
the cytoplasmic, transmembrane and extracellular stalk
‘'regions. The number of residues in each region are
indicated. The receptor cys-rich repeat homology regions are
shown as open boxes. Stripped boxes in the cytoplasmic
region indicate homology. N or O indicate likely sites of
glycosylation and P represents sites of phosphorylation
(Ware, unpublished data). ‘
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Figure 4. Proposed model of LT-of complexes. The four

potential trimers that are proposed for LT and the possible
receptor binding interfaces for each. The a3 trimer could
‘bind up to three TNFR which are specific for the o-a cleft.
The a2B1 trimer could potentially bind only one TNFR and one
LT-BR, which are specific for the BB cleft. The alB2 could
not bind a TNFR but could bind up to two LT-BR. The B3, which
has not been observed to occur in nature, could bind three
LT-BR. The cleft formed at o-f subunit interfaces is thought
to bind an as yet unidentified receptor (Ware, unpublished
data) .
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LT-B LT-c

Figure 5. Molecular model of LT-a/LT-B interface. The
LT-B subunit contains transmembrane and cytoplasmic domains
not present on the LT-a subunit. LT-B also contains an N-
linked glycosylation site very near the proposed binding
region for the TNFR in the interface cleft. It is possible
that this N-linked glycosylation site positions a
carbohydrate that stearically blocks TNFR binding to mLT.

The dark blue and yellow areas indicate regions of homology
and the green area is a conserved proline thought to function
in subunit association (Ware, unpublished data).
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‘Outside Primers:
5'§CDM8/LT-B
5’CGACTCACTATA¢GGAGACC3’ Melting Temp. 54°C
3'1T—B/Not—1 |
5’CGCGGCCGCACTCGCACCACGC3’ : Meltiﬁg Témp._sooc'
Inside Primers:\ | | - |
57 ;.T.;Bu-s“o'i' | |
5’GTGACTGATGQTGACGTACAC3’ | Melting Temp. 64°C
3’ LT-BN-S01
5’GTGTACGTCAQCATCAGTCAC3'“  Me1ting Temp. 64°C

5’Sequenc1ng Primer:

5’LT- B/Seq
5" GAGACGGTGACTCCAGTG3' ‘ Melting Temp. 58°C
Figure 6. Primers utilized in PCR and seQuencingv

reactions. Primers used in the PCR reactions include the
outside primers, 5’pCDM8/LT-B and 3’LT-B/Not-1. These primers
allow for amplification of the entire LT-B gene and the 3'LT-
' B/Not-1 also inserts a Not-1 site in the 3’ untranslated
region. ' Inside primers include 5’LT-BN-S01 and 3’/LT-BN-S02.
These primers were used to insert the desired single base
substitution (underlined) into the two fragments generated
for use in the overlap extension procedure, changing the
sequence to code for serine instead of asparagine. 5’LT-B/Seq
was used to generate the 5’ strand used in sequencing, this

- primer annealed approximately 100 bp upstream from the

mutation site. A 3’ strand was also generated for sequenc1ng
‘using the 3’'LT- B/Not 1 primer.
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Creation of LT-f3 Mutant
Overlap Extension PCR

3 Targeted
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Figure 7. Example of site-directed mutagenesis using
overlap extension PCR. Specific base changes can be made

using the overlap extension technique. Two separate PCR
fragments are prepared, utilizing 5’ and 3’ non-mutated
outside primers and complimentary internal primers that
contain the desired base changes. These two fragments are
amplified in separate PCR procedures, then the purified
products combined, denatured and annealed and extended to
form a full length template containing the mutation. The 5’
~and 3’ outside primers are then added and another full PCR
cycle run to amplify a full length mutant sequence.
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Figure 8. Map of the pcDNAl-amp plasmid used as a
shuttle vector. The pcDNAl/Amp plasmid contains a strong
promoter for eukaryotic expression, a ColEl sequence for high
copy replication in E. Coli and ampicillin resistance in E.
Coli for positive selection (Map supplied by Invitrogen).
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Figure 9. Agarose gel showing fragments made during
PCR site directed mutagenesis procedure. Lane 1
contains molecular weight markers (BioMarker Low). Bands are
at 1000, 700, 525, 500, 400, 300, 200, 100 and 50 bp. Lane 2
shows the 5’ fragment at approximately 710 bp. Lane 3
contains the 3’ fragment of approximately 107 bp. Lane 4
shows the overlap extension product obtained by combining the
fragments from lanes 2 and 3. This fragment represents the
full length mutated LT-B gene of 760 bp and contains
restriction enzyme sites for Hind III at the 5’ end and Not-=1
at the 3’ end.

31



~ 3' sequence

Mutated Sequence: 5’ CGTCAGCATC 3’
' , 3' GCAGTCGTAG 5’

Flgure 10. Sequence confirmation of desired mutation.
The presence of the desired sequence was confirmed using
dideoxy-DNA sequencing as seen on the 3' sequence shown in
“this autoradiograph. The site-specific mutation was the
single base substitution underlined and in bold. This
substitution results in an amino acid change from asparagine
to serine, leading to a loss of the N-linked glycosylatlon
site in the proteln product .-

RO
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Figure 11. Restriction digest of clone from pcDNA-amp.
Following transfection, DNA minipreps were performed to
confirm insertion of the cloned DNA. Restriction digests of
the miniprep DNA with Not-1 and Hind IIT yielded a 760 bp

~ fragment, 1nd1cat1ng the mutated gene has been successfully =
inserted into the’ pcDNAl -amp plasmid. The left lane contains
known molecular weight markers of Lambda DNA cut with the
restrlctlon enzyme Bst EII.
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Figure 12. Autoradiograph of protein
immunoprecipitation. Transfection of COS-7 cells with
LT-o, LT-B and LT-B mutant followed by immunoprecipitation
with monoclonal antibodies yielded a band at 26 kD for LT-a
indicating a successful transfection. Known weight markers
are at 200, 97, 69, 46, 30 and 14 kDa. No bands are present:
for either LT-B sample. The lack of bands may indicate LT-B
is being rapidly degraded when no LT-o is present.
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Figure 13. Flow cytometry data showing surface
expression of LT-o/f on COS-7 cells. The relative

flourescence created by staining LToa/B cotransefected COS-7
cells with anti-LT-a is shown as a solid line and the
background flourescence due to control IgG staining is shown
as a dashed line. Note no relative change when LT-a is
expressed alone, this is because the LT-o is not retained on
the cell surface. LT-B when expressed alone is not stained
with the anti-LT-a, but when expressed with LT-ain a
cotransfection experiment it causes LT-a to be targeted to
the cell surface and retained, where it is stained by the
antibody.  (From Browning et al., 1993)
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DISCUSSION

The preparation of a site-specific DNA mutant of LT-B
was shown to be possible using the PCR overlap extension
technique. Aithough this teéhnique was first demonstrated to
be a practical and efficient method of site-specific
mutagenesis several yearélago, when utilized with the LT-B
gene several modifications were required. The LT-B gene is
very C-G rich in its 5’ end, reéulting in excessively high
melting temperatures and rapid:reannealing of the two DNA
strands. This made the generatioh of a 5’ mutant DNA
fragment very difficult and impractical using standard PCR
protocols, After trying a wide variety of reaction
conditions without success; the reactions were attempted in a
vessel containing 10% DMSO. Although not normally used in
PCR protocols utiiizing Taqg polymerase, DMSO was used
previously in Klehow—mediated PCR reactibns (Scharf et al.,
1986) . Although DMSO is known to reduce the effectiveness of
Taq polymerase by approximately 50%, its use in these
‘reactions allowed for the generation of mutant 5’ fragments
at relatively good levels, yielding approximately 1 pg of
mutant DNA per 100 pl reaction. It is uncertain which
parameters are affected by inclusion of 10% DMSO, but DMSO
may affect the melting temperature of the primers, the
thermal activity profile of the Tag polymerase and/or the
degree of product strand separation during denaturation.

Even at denaturétibn_temperatures of 99°C, reactions involving
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the 5’ end df this gene attempted without DMSO weré not
successful, whiléfadditién of 10% DMSO allowed reactions to
take place wi£h1denéturation temperatures of 95°C. Inclusion
of 10% DMSO was also'required in the.éubseQuent overlap
extension ptotdcblé to cféate full length mutant LT-B cDNA.

Once fhe fﬁll length cDNA was produced, it was sequenced
in the region sﬁrrounding the mutation site to confirm the |
'présencé'of the mutation and’ the absenée of other random
.mutations. Full.iength sequencing will be necessary
eventually since fanddm mutations can be created while using
Taq polymerase atva rate:approachin§-1/4000 base pairs (Ho et
al., 1989). Sincé éequencing is time consuming and tedioué,
full length seqﬁencing will be performed only if changes in
binding characteriétics, cytotoxicity or trimer'formatioh.
using the mutant,bNA_arebbbserved-in‘futﬁre assays. The use

of the SeqUenaSe éCR sequencing kit with the 5’Seq and

3’LT-B/Not-1 priméré alloﬁéd fo? difect‘seqﬁencing ofbboth
strands of the-ECR;Qrodugtfa distance of 100 bp either éide
ofvthe desired mufétidn; Né»mutafiqns other than the desired
mutation wére obsérvéd &nd the'sample was then digested with
Not i and Hind III»aﬁd ¢1ongd into the pcDNA1—amp plasmid.
E. Coli‘celis wéré‘éubsequently‘tréhsformed to generate high
yields of tﬂé desired‘ﬁutant DNA (approgimatelyVZSO Hg per
maxi-prep) . . | - |

Following isplatibn of the amplifiéd,plasmid‘from E.

Coli,'the“mutant DNA was:transfected into C0OS-7 cells to
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obtain protein.expression in a mammalian expression system
for immunoprecipipation analjéis. A sampling of three
different monocloﬂal antibodies were used to ensure the
desiredﬂepitopé'had not been inadvertently removed by the
mutation. Resultsfof the immunoprecipitation were
inconclusive. ‘LTéﬁ was not expressed at high enough levels to
observe any proteih in the auﬁoradiograph (Figure 12). If
the protein had precipitated as expected, a band would have
been seen at approximately 33 kDa in the wild type LT-B sample
and a band of slightly greater mobility would have been
expected for the LT-Bf lacking the N-linked glyéosylation site
dué to lack of the»sugar residue. A control transfection of
LT-o precipitated‘with an anti-LT-o monoclonal antibody
yielded the expected band at 26 kDa. Several other attempts
to precipitatefwila type LT-B from COS-7 cells have also
failed to detect protein. Flow cytometry analysis of cells
transfected with'ﬁT—B has shown that very small Quantities of
the protein are pmesent when expressed in conjunction with
LT-o (Figure 13). The promoter on the pcDNAl-amp plasmid 1is
a strong pfomoter, so fairly high levels of protein
expression should}be expected. This would seem to indicate
that rapid proteim’degfadation may be taking place.
Co-transfection of:COS~7 cells using both LT-a and LT-B has

- been attempted with no LTfB evident on the autoradiograph (not
shown). It is nop known whether a sufficient number of cells

are receiving both plasmids to yield distinguishable bands of
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acho—expressioh’oﬁ the autoradiograph. An interesting
feefure of these eotransfections is that the relative level
of LT-a expressioé drops as the amount of LT-f transfected .
increases. This would seem to indicate that'the presence of
LT-Bis having some effect on LT-o expression, but the nature
of this effect is unclear.

In baculovirus—infected insect cells, LT-B is expressed
alone or with Lde in cotransfected cells at Vefy high-levels
(Crowe, unpublished data). This data may indicate that LT-B
albne (which has gever been observed haturallY) contains a
signal sequence tﬁat directs the LT-B proteins down a
degradative pathwey when expressed in mammalian cells. 1In
insect cells, thié{pathway,may be overwhelmed, so the protein
is expressed. Ho&evet, in these cells, the protein is seen
in forms not normally observed, from monomers to aggregates,
indicating that eQen‘though it is expressed, it is expressed‘
in states not ngrﬁally seen. When LT-o ié coexpressed with
LT-B, heterotrimefs are seen similar to those found in normal
mammalian cells. _Together, this may indicate a change in the
- 3-dimensional cenfcrmétion is occurring upon subunit
-interaction whichléignals a‘secretory pathway. Another
possibility is thét the LT-a subunit contains a secretory
'signal and this subﬁnit blocks the“degradative signal on LT-f
when the Subunitsiare tégether,‘.Toeexamine if some signal in
the transmembrane?er‘cytpplasmic demains afe signaling for

protein degradatién, a soluble chimeric LT-B/myc construct was
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prepared (Biogen)hin which the transmembrane and cytoplasmic
regions of LT%ﬁ/had been removed and replaced with the myc
protein.start Sequence. This chimeric protein was expreésed
by CO0S5-7 cells at levels similar to those seen for LT-o

(Crowe et al., 1994). ThlS would 1ndlcate that the 31gnal
for the degradatiVe’pathway is located somewhere in the
transmembrane or cytoplasmlc domains of LT- B.

Further analy31s of LT through the use of the mutant DNA’
created in this tesearch will have to await the insertion of
the mutant gene ihto a baculovirus vector. Although the data
generated by tranefection of COS—7vcells was interesting and
valuable, it has not answeted any questions concerning the
role of the NFlinked glycosylation site in receptor binding
interactions or ih trimer association. ‘Further studies are
in progress to attempt_expression of the mutant LT-B in the
baculovirus expreesion system. Cotransfections using LT-a
and LT-B in the beculovirus system should yield adequate
protein to address these questions.

The importance of working out the protocols required to
prepare LT-B mutants using the overlap extension technique
cannot be underestimated and will allow many important
questions about LT-B and the immune response to be answered in
the future.‘ This;project has led to the preparation of one
LT-B mutant and has also worked out easy and rapid protocols
that should allow?for future research using LT-B mutants to be

done quickly and efficiently.
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