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ABSTRACT

A MOLECULAR INVESTIGATION OF THE MAJOR HISTOCOMPATIBILITY COMPLEX OF
SEVERAL DOMESTIC ANIMAL SPECIES

By

John Adam Gerlach

The major histocompatibility complex (MHC) of the dog (DLA) and

sheep (OLA) were investigated using serologic, cellular and molecular

techniques. DLA specific alloantisera were used to serotype animals
according to International Workshop guidelines. Mixed 1lymphocyte
reactions (MLR) were performed with both species. Human and murine

derived complementary deoxyribonucleic acid probes were wused to
generate restriction fragment 1length polymorphism (RFLP) patterns
detecting class II and class I regions of the MHC respectively. There
were a total of twenty dogs evaluated in this study. These dogs were
divided into four groups and included two full-sibling families that
included the sire and dam. One of the groups was composed of three
littermates. A group of juvenile onset insulin-dependant diabetic dogs
and controls were evaluated by the above techniques and also by epitope
specific oligonucleotide probing of amplified regions of the DQB gene.
These DQB regions were defined wusing primers derived from human
sequence data and amplified using the polymerase chain reaction. These
amplified regions were also digested with several restriction
endonucleases and examined by polyacrylamide gel electrophoresis to
identify banding patterns unique to diabetic animals. A group of seven
sheep that included three generations was evaluated. The results of
the serotyping, MLR assays and RFLP mapping were used to establish the

existence of analogs to human and murine class I and class II genes
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present in the dog and sheep. There was also molecular evidence in
dogs that the previously defined second class I locus, DLA-B may in
fact be a class II 1locus. Furthermore, evidence was collected that
indicates that these methods are useful to determine transplantation
candidacy, substantiate pedigrees and perform disease association work
in the dog and sheep. The disease association work with the diabetic
dogs resulted in discovery of a banding pattern unique to the diabetic
animals when the 240 base pair amplified DQB fragment was digested with
the restriction endonuclease Alu 1I. Preliminary work |using
minisatellite fingerprinting for pedigree substantiation in the dog and

its possible uses are presented.
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INTRODUCTION

Within the genome of vertebrates there resides a syntenic cluster
of genes called the major histocompatibility complex (MHC) (1). It is
the genes of the MHC that control the immune response by their
involvement in the self/non-self recognition of antigen presentation
(1,2). These functions wultimately play a role in disease
susceptibility and resistance (3). This dissertation will compare and
contrast the MHC systems of man and mouse to those of selected domestic
animal species. Results from serologic, cellular and molecular
investigations of the MHC of dogs and sheep will be given to document
the homology of these systems with those of other species. The utility
of these methods for transplantation immunology, pedigree
substantiation and disease association work will be discussed.

It is not the intent of this dissertation to be an in-depth review
of the MHC nor a primer for molecular biologic techniques. Readers
needing more information on the MHC are directed to references
(3,4,5,6,7). References (8,9) offer detailed information on molecular
biology techniques.

The genes of the MHC system are divided into three classes; I, II
and III (3). The class III genes encode various complement components
and only their physical 1linkage to the other MHC genes will be
discussed. Included in this syntenic group are also the two genes

encoding the 21-hydroxylase enzymes that are involved in steroid
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hormone anabolism (10). The genes encoding tumor necrosis factor are
also located in this linkage group (3,11). As with the class III
genes, only the 1linkage relationship of 21-Hydroxylase and tumor
necrosis genes to MHC genes will be the limit of their discussion. The
discussion of the structure, proposed function and gene organization
has been based on the human and murine MHC systems unless specifically
stated otherwise. It was the assumption of this author and the premise
of the work that the basic tenets of structure and function are
homogeneous between species.

Class 1 MHC genes encode a protein with a molecular weight (MW) of
45 kilodaltons (kd) (12). This protein is an alpha heavy chain and has
an associated with a light chain, beta 2 microglobulin (BZM)' MW 12.5kd
(12,13). The gene encoding the BoM protein is not syntenic with the
other MHC genes and resides on a separate chromosome (12). The heavy
chain is divided into five regions; the cytoplasmic, transmembrane, and
three extracellular domains (5,12). The carboxyl end of the protein is
cytoplasmic while the N terminus is extracellular. The extracellular
domains are a folding of the protein back upon itself forming a loop
that is held in place by an intrachain disulfide bond (5). It is the
high degree of homology of these domains to those of the immunoglobulin
proteins that has supported their inclusion in the immunoglobulin super
gene family (14,15,16). BZM is also domain like in structure but is
non-covalently associated with the heavy chain and cell membrane
(5,12). Class 1 proteins are present on the surface of virtually all
nucleated cells with the exception of some endocrine and neural tissue
cells (12). The homogeneity of heavy chains vary within and between

species (5,17). The extent of homology also varies with the region
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compared (5). The cytoplasmic and third extracellular domain regions
are extremely non-variant (18,19). The degree of homogeneity of the
rest of the chain varies in relationship to the domain’s proximity to
the membrane. The first or most distal extracellular domain is the
most variant and thus the most antigenic (5). Exploitation of this
variation permits serologic testing of cells for antigen assignment
within a species (95).

Class I molecules are noted for their involvement in antigen
presentation to T lymphocytes bearing CD8 markers (cytotoxic) (12). It
is this requirement of a class I molecule in antigen presentation that
renders this interaction to be MHC restricted and ultimately results in
the self/non-self recognition seen in immune responses. The classic
example of this restriction has been seen in experiments where virally
infected cells of two distinct MHC lineages are mixed with T cells that
are cytolytic for the virus used and share MHC epitopes with one of the
cell lines but not the other (20). The outcome of those experiment was
the lysis of the virally infected cells having MHC antigens in common
with the T cells. The non-sharing of MHC antigens prevented the lysis
of the cells from the other virally infected MHC disparate cell line.
Class I MHC genes have been associated with acute, infectious diseases
as opposed to those that are chronic and auto-immune in origin (21).

The three dimensional structure of a class I molecule, elucidated
by crystallography, is consonant with the molecules’ function (5). The
two distal domains are alpha helices that lie parallel to each other
forming a cleft. These helices are supported by resting on the third

extracellur domain. The T cell receptor is thought to interact with



4
the upper surfaces of the alpha helices with the antigen being cradled
in the cleft (5).

In the serum of several species (man. mouse, horse, sheep, cow and
dog) there is soluble class I antigens (22). There are three groups of
soluble molecules with differing MW's; 44kd, 40kd and 35-37kd
(24,25,26,27). The 44kd molecule 1is thought to be 1intact shed
expressed antigen. The 35-37kd molecule is thought to be proteolytic
cleavage fragments of cellular antigens that lack cytoplasmic and
transmembrane regions. The 40kd molecule is thought to be the product
of an alternate splicing event as it lacks the transmembrane region.
The functional role that circulating class I molecules may play is
currently not known.

Class I1 MHC genes are divided into three groups; alpha (A), beta
(B) and gamma (6,28). Class II A genes encode a 32kd protein while the
class II1 B genes encode a 28kd protein (12). Gamma genes encode a
cytoplasmic protein with a MW of 31kd (28). This protein is involved
with both A and B proteins during maturation and their transport to the
membrane. The gamma gene is not a part of the MHC syntenic group for
it resides on a separate chromosome (29). Both A and B class 1II
proteins are arranged with cytoplasmic, transmembrane and extracellular
domain regions similar to those of the class I proteins (6,7). Class
I1 proteins are oriented in/on the cell the same as class I (6,7). The
two main differences between the proteins of the two classes are that
class II proteins non-covalently associate with each other rather than
BoM and they only have two extracellular domains (6). These domains
are also immunoglobulin like and the genes are considered to also be a

part of the immunoglobulin super gene family (30). As with the class 1
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proteins, it is the most distal extracellular domain of the protein
that is most variant and antigenic (7). This fact has also been
exploited to enable the serologic typing of cells for some class II
antigens within a species (31).

Expression of the class II MHC antigens are mainly restricted to
certain cells of the immune system; antigen presenting cells and B
lymphocytes (6,7). While not expressed on the surface of resting T
lymphocytes class II antigens, expression can be induced in-vitro using
various plant lectins and in-vivo via stimulation by other cells
(6,7,12). The induction of class II antigen expression on resting T
cells and others can also be attained by cultivation of the cells with
interferon and other interleukins and leukokines. The class 1II
antigens present on monocytes and macrophages, the major antigen
presenting cells, are responsible for the presenting of antigen to T
lymphocytes bearing CD4 markers (helper) (6,12). Again, this MHC
restriction drives the self/non-self control of the immune system.
Disease associations with these antigens are generally of an autoimmune
nature (21).

Three other features of the MHC system bear mentioning at this
point. The first is the mode of inheritance. Due to extremely low
genetic recombination, associated with the MHC chromosomal region. The
genes of the MHC are inherited as haplotypes, ie, the cluster of MHC
genes present on one chromosome are passed to the next generation as a
unit (32). This phenomenon has lead to the second unique feature of
the MHC, linkage disequilibrium (32). Linkage disequilibrium is the
phenomenon of two antigens of different loci occurring together at a

frequency higher than would be predicted by their separate frequencies
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(32). It has been the exploitation of this haplotypic passage of the
MHC complex to offspring that has resulted in the use of the MHC for
pedigree substantiation (33). The third unique feature of the MHC is
the extreme polymorphism of the extracellular domain of the molecules
(34,35,36). Most allelic protein systems are the result of single
point mutations (35). The polymorphism of the MHC allelic system are
the result of multiple mutations throughout the protein (34,35).
Arguments have proposed that the high degree of polymorphism has been
the result of the accumulation of neutral mutations while others have
proposed that the high degree of polymorphism aids in the function of
the MHC (34,35,36).

Currently the MHC system of man, the human leukocyte antigen (HLA)
system, contains three closely linked groups of genes residing on the
short arm of chromosome 6 at 6p21.3 (7). There are about 18 class I
gene loci present in the human HLA (7). Most of these do not produce a
detectable product. Currently there are four recognized loci for
genes with serologically detectable products (HLA-A, -B, -C and -E)
(7). The class II gene loci are subdivided into four subregions with
each region having at least one A/B pair of genes (6,7). These
subregions are HLA-DP,- DN/-DO, -DQ and -DR. The third block of genes
is composed of the class III complemen; genes C2, factor B and C4 and
the 21-hydroxylase (210H) genes (7). Tumor necrosis factor (TNF) genes
are located between class III and I gene clusters (37,38). The overall
organizational map of the MHC region on the chromosome is:

Centromere--Class II--210H--C4--Bf--C2--TNF--Class I--
(38). The overall size of the HLA complex is thought to be 3000

kilobase pairs (kbp) (7). There are still some gaps in the above map
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7
and while it is possible that there maybe some new class I and II genes
discovered another attractive possibility would be the discovery of
novel genes that truly account for the association of MHC region with
disease (7).

All three classes of MHC genes have undergone expansion and
contraction throughout evolution (7). Some of the duplicated genes
have lost their function and are psuedogenes (7). Class II genes DPA2
and DPB2 of the DP locus have a defective sequence that prohibit their
expression as mnormal class II dimers and have been labelled as
psuedogenes (7). There are other genes with intact sequences but which
have an undefined status and are termed pseudogenes (7). DNA and DOB
are examples of pseudogenes that contain no defects but their
corresponding protein products have not been identified (7). The
currently known human class II pseudogenes are HLA-DPA2, -DPB2, -DNA, -
DOB, -DXA, -DXB, and -DRB (7).

Class II alpha genes are generally non-polymorphic with the
exception of DQA which is highly polymorphic having eight alleles (7).
The beta genes of all of the class II subregions are extremely
polymorphic and readily cross-hybridize with other of class II beta
genes (39). This is due to a homologous sequence encoded for in the
first domain of beta genes (39).

There are 15 alleles of DRB, 10 DQB alleles and at least 6 DPB
alleles (7). Sequence analysis of the highly polymorphic distal
extracellular domain of the class II beta chain has identified a number
of hypervariable regions inserted between highly conserved regions (7).
These variable blocks are at the amino acid residues 9-13, 26-33 and

67-74 of the molecule (7). Amino acid substitution at one or a
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8
combination of the three region results in novel combinations (7). The
changes seen are often substitution of amino acids with opposite
properties (7).

The nomenclature committee of the Tenth International HLA
Histocompatibility Testing Workshop has accepted the following number
of alleles for the HLA class I and class II loci: HLA-A(24), -B(52) -
C(11), -DR(24), -DQ(9) and - DP(6) (40). Genes representing all
classes of these HLA products have been cloned and sequenced.

The H-2 system is the MHC of the mouse. This system is very
similar to the HLA system of man with some major, unique features (41).
One of these differences is the order of the class I and II loci. 1In
the mouse the class II genes bracket the class I genes rather than a
sequential order on the chromosome. It has been postulated that this
was the result of an ancient chromosomal translocation within the mouse
(41). The H-2 syntenic group of the mouse is on chromosome 17 (41).
Another unique H-2 feature is that the mouse does not have a HLA-DP
homolog (41). Murine class II genes, I-E and I-A, appear to be
homologs of HLA-DR and -DQ respectively. The class 1 genes of H-2
system are also more abundant with estimates that there are up to 30
class I gene loci (42,43). The serologically defined class I loci are
H-2-K, -D and -L (41). The remaining class I genes are assigned to the
largely not expressed Qa/Tla region (41). It has been estimated that
there may be up to one hundred alleles for some class I loci in certain
murine strains (41). Despite these obvious differences there is a
great deal of homology between the H-2 and HLA systems in both

organization and function (44). Much of the early work that elucidated
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the MHC system was done in the mouse and then found to be applicable to
man and the converse has also been true (41,42,42,44),

The MHC systems of mouse and man are the most extensively studied
of all species due to: 1) the availability of inbred strains of mice;
and 2) the monetary and humanitarian application in man.

The cattle MHC system has recently been detailed and found to have
features similar to the H-2 and HLA systems (45). The bovine leukocyte
antigen (BolA) system is the cattle equivalent of the MHC (45). The
BoLA system has numerous class I genes that can be detected
serologically and visualized by restriction fragment length
polymorphism (RFLP) mapping (45,46). The RFLP patterns generated are
similar to other species studied (46). These class 1 genes are in
close linkage with the cattle red cell blood group M, class II genes
and the class III gene C4 (47,48,49). This syntenic group has been
localized to bands ql3-23 on cattle chromosome 23 (50). The class II
genes in cattle have homologs to the human HLA-DRA, -DRB, -DQA, -DQB, -
DNA and -DOB genes (51,52,53,54). There is currently no firm evidence
for a DP subregion of cattle class II (51). There are two unique class
II genes in cattle, defined as BoLA-DYA and -DYB (55). It is not
currently known if BoLA-DYA and -DYB associate together or not (55).
The BoLA DR and DQ RFLP patterns do correlate with the mixed
lymphocyte reaction (MLR) results (55).

Serologically, there has been three International Workshops to
identify and define alloantisera for use in class I cellular typing
(56,57,58). International agreement has been reached for 33 unique
class 1 specificities, the resultant products of one and tentatively

two class I 1loci (58). BolLA class II serology has not developed
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sufficiently to serve as a useful tool (59). Cloning attempts in
cattle has Identified a BoLA-DRB-like pseudogene and two Class I genes
(60,61). The cloned class I genes show greater sequence similarities
to HLA molecules than to H-2 molecules (60,61).

The horse equivalent of the MHC, the equine leukocyte antigen
(ELA) system, has been mapped to equine chromosome 20 bands ql&4-22
(62). Included in the ELA sytenic group are the two class I loci and
genes for 210H, C4 and the equine red cell blood group A (63,64).
Hybridization studies using probes of human and mouse origin has shown
that there is a class II region in the horse (64,65). There 1is
preliminary evidence that the horse potentially has 20 class I gene
loci (65). The Fourth International ELA Workshop established 21 class
I ELA specificities (66). There have been no reports of cloned ELA
genes.

Investigations of the feline leukocyte antigen (FLA) have shown
that the cat has both class I and a class II MHC equivalents (67).
These genes have been shown to be linked and have been localized to
feline chromosome B2 (67). Attempts at cloning FLA genes has yielded a
class II alpha gene thought to be the equivalent of a HLA-DPA
pseudogene ((68). Due to the apparent inability of cats to produce FLA
antibodies as a result of pregnancy and the weak cytotoxicity of the
deliberately produced antisera, serologic evaluation of the FLA is
lacking (67).

The MHC system of sheep is the ovine leukocyte antigen (OLA)
system (69). Using molecular techniques with human probes it has been
shown that sheep have class I and class II homologs of the human MHC

genes (69,70). There are representative genes for HLA-DR and -DQ but
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an apparent lack of HLA-DP genes (69,70). These results are contrary
to work of others using murine monoclonal antibodies to HLA-DR, DQ and
DP molecules. These studies determined that a DP-like epitopes were
expressed on the surface of sheep B lymphocytes (71,72). There are
five European defined class I OLA specificities (73). Four of these
specificities agree with four Australian defined specificities (74).
OLA gene cloning attempts have resulted in the production of nine class
II OLA clones (70). These clones appeared to be two DRB-like, three
DQA-1like and four DQB-like genes (70).

The dog leukocyte antigen (DLA) system has been the focus of three
International Workshops (75,76). These efforts established three
serologically defined class I loci; DLA-A, DLA-B and DLA-C (76); and a
class II homolog, DLA-D, defined by homozygous typing cells using the
MLR (75). The class I loci nomenclature may not be analogous with HLA
nomenclature. There were eight A locus, four B locus and 3 C locus
specificities recognized in this workshop (76). Recently there has
been mounting evidence that the DLA-B locus may be a class II antigen
expressed on resting, circulating T lymphocytes (77,78,79). Evidence
for this statement comes from flow cytometry assays using monoclonal
antibodies, immunoprecipatation studies, blocking experiments and
competition assays (77,78,79). These results indicate that DLA-B is a
class II 1loci (77,78,79). Molecular studies have established the
existence of homologs for HLA-DR, DQ and DP (80,81). The RFLP patterns
generated with specific restriction enzymes correlate with the DLA-Dw
homozygous cell types established by the Third International Workshop

(80,81). Linkage of the DLA system genes with C4 genes has been
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established by somatic cell hybrids (82). There have been no reports
of cloned DLA genes.

The swine leukocyte antigen (SLA) has been mapped to swine
chromosome 7 of the pig and localized to bands pl.4-ql.2 (83). It is
interesting to note that there are also two red cell blood group genes
(J and C) present on chromosome seven (83). Several other species;
such as man, cattle, horse and rabbit; also have a red cell blood group
within their MHC syntenic group (83). The swine MHC linkage includes
class I, class II, C2, Bf and C4 class III genes (83,84). Class II
genes have been cloned from the novel miniature swine genome (85). The
class I and Class II regions of the swine MHC have been studied by
serologic, cellular and molecular genetic techniques (86,87,88).

The MHC system of the goat is the caprine leukocyte antigen system
(CLA) (89). The extent of definition is only serologic and cellular
with no reported molecular work to date (89,90). There are 24 class I
specificities that are assumed to be the product of one loci (89).
Responses seen in mixed lymphocyte reaction assays are attributed to
the presence of a yet to be defined class II homolog (89).

The rabbit leukocyte antigen (RLA) system includes class I, class
II genes and the red cell blood group He genes in its MHC linkage group
(83). Both class I and class II genes have been cloned and sequenced
from the rabbit (91,92).

Anecdotally, the MHC systems of rare and exotic breeds and species
have been examined to differing extents and by differing techniques
(93,94,95). An example of this is a herd of Icelandic ponies (93).

These investigations have documented the existence of MHC systems in
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the rare and exotic breeds and species that are analogous with the more
domesticated species and man.

The MHC system has often been associated with acute and chronic
disease conditions (96). These associations are often only seen in
conjunction with only certain products of the MHC. There are numerous
possible mechanisms for this association (12,20,21,96). It has been
proposed that pathogens may bind to certain MHC epitopes and not
others. Another mechanism may be the alteration of MHC epitopes by
pathogens. As stated earlier, there may also be non-MHC disease
associated genes present or associated with the MHC group and are there
by inherited with the MHC region due to linkage disequilibrium.

There are also diseases directly linked with the MHC. The
difference between linkage and association is the identification of a
particular gene and the identification of that gene’'s involvement in
the disease versus a higher incidence of a disease when a particular
antigen is present (96,97). Examples of MHC linked diseases would be
21 hydroxylase deficiency and hemochromatosis in man (96).

There are numerous examples of diseases associated but not linked
with the MHC of most of the species studied. In man, ankylosing
spondylitis and the HLA-B27 antigen are an excellent example with a
relative risk (RR) value of 100-150 (32).

Type I insulin dependant diabetes mellitus (IDDM) has been
associated with class I and class II antigens in humans (98). This
association with both classes of antigens indicates a haplotype
association with the disease associated alleles being included by
linkage disequilibrium with the MHC (99). 1Initial studies associated

IDDM with HLA-B8 and the complement alleles; Bf*Fl, C2*2 and C4B*2
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(21). The haplotype was later extended to include -DR3 and -DR4 alleles
(21). There is also evidence that there are unique RFLP patterns in
IDDM individuals that are the result of a cross-hybridization of an
HLA-DQA probe with HLA-DXA genes after digestion with the restriction
endonuclease Taq I (100). Recent studies have localized the 1loci
associated with Type I 1IDDM to the 57th codon of the DQB gene
(101,102). It has been reported that an aspartate residue at that
position confers resistance to the disease while substitution with a
neutral amino acid results in a higher risk of disease (RR=100)
(101,102). The mechanism for this is not understood. All diseases
that have been associated with HLA antigens are too numerous to detail,
there are several excellent texts and reviews on the subject (96,103).
There are examples of disease associations and the MHC in many of
the domestic animal species. In cattle the progression of bovine
leukemia virus can be assigned to particular BolA haplotypes within a
given herd (104,105,106). The number of parasitic eggs (Cooperia spp.
and Haemonchus placei) shed can be associated with certain BolA
antigens (107). The BolA system also has been associated with mastitis
and bovine theileriosis (108,109). Equine sarcoid has been followed in
a pedigree via ELA specificities (110). The susceptibility of caprine
arthritis-encephalitis virus has been associated with certain ClA
epitopes (89). Scrapies susceptibility in sheep has also been tracked
in a pedigree by following the passage OLA haplotypes (111).
The above compilation of observations encourages the conclusion
that the MHC of one species system is biologically very similar to
those of other species systems. This is an incorrect conclusion.

While there is mimicry of the molecular organization and the species do
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share a common functional goal, the genes and resultant antigen
products are not identical. Serologic reagents defining a wunique
epitope in one species are not likely to recognize the same or similar
epitope in another species (59,112). There are some monomorphic
monoclonal antibodies that can be used pan-species, to define similar
gene products, but these are exceptions (71,72,112). In the third BolA
workshop it was found that antisera that clustered together to define
an epitope in one breed of Bos taurus cattle did not consistently
maintain their serological correlation in a different breed of Bos
taurus and additionally behaved totally different in Bos indicus
animals (58).

This inability to use serologic reagents that well defined one
species MHC to also define the MHC of other species has been a
continuous scientific hardship. The lack of well defined monospecific
sera for domestic animals and the associated difficulty in the
procurement of good serological reagents for the various species has
prompted the search for alternate techniques to characterize the MHC of
domestic animal species There is a continuing need to be able to
perform disease association work, pedigree analysis and transplant
candidacy evaluations in domestic animal species at a level beyond the
available class I serology.

The two species evaluated in the context of this dissertation were
the dog and sheep. The dog was selected because of its frequent use as
an animal model for transplantation research and because the dog has
many diseases that are pathophysiologically similar to diseases of
humans. The sheep were selected for preliminary studies to establish a

method for  pedigree substantiation and disease association
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investigations. Well defined and characterized human and mouse MHC
probes were used to probe genomic blots of dogs and sheep rather than
initially isolating dog and sheep specific probes. The RFLP patterns
observed in the dog and sheep, using the human and murine probes, were
correlated with existing canine or ovine serologic and cellular
techniques that define the MHC.

As this project progressed, so did molecular technology.
Fortunately, technology was on a different time line and new techniques
were able to be introduced as they became available complimenting the
technologies already 1in place. These were the amplification of
portions of genes that allowed for epitope specific oligonucleotide
probing, a useful tool in disease association work in humans (113).
This technique was used to investigate IDDM associations with DLA based
on recent human data (101,102). A second useful advance germane to the
goals of this project was the advent of DNA fingerprinting wusing
minisatellite probes (114,115,116,117). The application of this
technique for canine pedigree substantiation was initiated to fulfill

one of the goals of this project.



MATERIALS

Animals:

Dogs were either obtained from the Veterinary Clinical Center
(VCC) on the campus of Michigan State University or from samples
submitted to the Immunohematology and Serology Laboratory of Michigan
State University. Four groups of dogs were examined. Sheep were
obtained from the flock maintained by the Department of Animal Sciences
at Michigan State University.

Group 1. The first group of dogs was composed of three litter
mates. They were selected from a litter initially evaluated for a
pancreas transplantation study. It was recognized early on that one of
the animals was DLA disparate to the others and that two of them were
similar. It was on this basis that they were selected.

Group 2. The encouraging group 1 investigations prompted the
selection of family that included the sire and dam for the second
canine group. Selection of such a group allowed the recognition and
passage of DLA haplotypes within a family. There were six dogs in this
family.

Group 3. Group 3 was a family that included both the sire, dam
and two offspring. This family was a part of bone marrow
transplantation study at the University of California (UC) at Davis.
The four animals were sent to evaluate their DLA types to select

suitable transplantation pairs.
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Group 4. Based on the homology between the HLA and the DLA seen
in previous canine experiments and the availability of the diabetic dog
colony here on campus group 4 animals were selected to initiate disease
association investigations. Group 4 included 7 dogs with juvenile on-
set IDDM and 7 non-IDDM control animals

Group 5. The seven sheep were selected to create a pedigree of
several generations.

Humans:

There were six humans selected to serve as controls in the
amplification and oligonucleotide probing experiments. They were
selected from the HLA-typed cell panel used by the Immunohematology and
Serology Laboratory. These individuals were selected because they had
at least one DQw-3 allele. They also represented known IDDM
individuals and normal controls.

Minisatellite Pedigree Analysis:

There were a group of 32 randomly selected dogs probed with the
M13 minisatellite probe. These dogs were unrelated and used in other
research 1investigations at the VCC. In addition, there were two
pedigree analyses performed. One of the families was purposefully
submitted for this testing (dogs 29, 30 and 31). The second family
(32, 33, 34 and 35) where the group 3 dogs submitted for immunogenetic
analyses by UC-Davis.

Class I Serologic Reagents:

DILA class I serological typing reagents were used that recognized
the specificities in accordance with the Third International Workshop
on Canine Immunogenetics. These reagents were either prepared in-house

or were gifts from other laboratories.
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OLA class I serological typing sera were obtained as a gift from
Dr. P. R. Cullen, formerly at the Laboratoire de Genetique Biochimique,
INRA-CNRZ, Jouy-en-Josas, France. Prior to the importation of this
sera into the United States it was necessary to irradiate the sera in
the frozen state, to assure sterility in accordance with United States
Department of Agriculture guidelines.

HLA class I serological typing sera were commercially obtained
from the American Red Cross (ARC), Washington, D.C. and One Lambda, Los
Angles, California.

Class II Serologic Reagents:
HLA class II serological typing sere were commercially obtained

from the ARC, Washington, D.C. and One Lambda, Los Angeles, California.

Microlymphocytotoxicity Trays :

Seventy two well microlymphocytotoxicity trays were purchased
from Robbins Scientific, Mountain View, California.
Rabbit Complement:

Rabbit complement obtained from Pel-Freez,Brown Deer, Wisconsin,
was screened to identify lots that were cytotoxic negative to canine
and ovine isolated peripheral blood lymphocyte.

Mitomycin C:

Mitomycin C, used to generate stimulator cells for the mixed
lymphocyte reaction assays, was purchased from Sigma, St. Louis,
Missouri.

Tritiated Thymidine:
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Tritiated thymidine, used in the mixed lymphocyte reaction assays,
was purchased from the Amersham Corporation, Arlington Heights,
Illinois.
Phenol:

Crystalized phenol was purchased from Sigma, St. Louis, MIssouri.
Prior to use it was melted and extracted with salt buffers.

Proteinase K:

Proteinase K was purchased from Boehringer Mannheim Biochemicals
(BMB), Indianapolis, Indiana or Bethesda Research Laboratories (BRL),
Bethesda, Maryland.

Ribonuclease A:

Ribonuclease A (RNase), from bovine pancreas, was obtained from
Sigma, St. Louis, Missouri. This RNase was boiled to remove any DNase
activity and stored for future use.

Restriction Endonucleases:

The restriction endonuclease enzymes used in this project were
purchased from commercial vendors, ie., BRL or BMB. The reason for
selection of these sources was trial and error.

The restriction endonucleases used were: Bgl II, Eco R I, Hae
III, Hind III and Taq I. The enzymes Bgl II, Eco R I and Hind III were
initially selected for the investigations of group 1 dogs based on work
done in other species. The enzyme Taq I was wused for the
investigations of group 2, 3, 4 and 5 dogs and sheep based on studies
performed in human HLA investigations. The restriction endonucleases;
Alu I, Hae III, Hga I, Hha I and Taq I were wused to do RFLP

investigations on the DQB amplified products. Hae III was used for
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all DNA fingerprinting work based on previous work using the M13 probe
(117).
Agarose:

GTG grade agarose was purchased from FMC Bioproducts, Rockland,
Maine.
Membrane:

Charged nylon membrane was obtained from the Plasco Corporation,
Woburn, Massachusetts.
Probes:

The class I murine complementary deoxyribonucleic acid (cDNA)
probe used was a gift from the laboratory of L.R. Hood at the
California Institute of Technology, Pasadena, California. The probe,
pH-211a, was from a cDNA library constructed from poly(A)+ ribonucleic
acid (RNA)isolated from a murine cell 1line (42). This probe is
complementary to a 3’ fragment of the H-2 gene and as such is
representative of a conserved region.

The class II probes used were purchased from the Cetus
Corporation, Emeryville, California. These probes are a construct
involving the full-length antisense strand of human class II genes
inserted in a double stranded M13 bacteriophage that has been
biotinylated. The advantage of using these constructs was that
increasing hybridization times generated stronger signals. This was
because the probe would only hybridize to target and itself. The class
IT probes used were HLA-DRA, -DRB, -DQA, -DQB, -DPA and -DPB.

Nick Translation Kits:
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Kits containing the reagents necessary to perform nick translation
reactions to 1incorporate deoxycytidine triphosphate (dCTP) radio-
labelled with 35P into pH-2IIa probes were obtained from BRL.

Random Prime Labelling Kits:

Kits containing the reagents necessary to perform random primed
labelling of pH-2II1a probes with 3,P radiolabelled dCTP were obtained
from BMB.

Oligonucleotide End-Labelling Kits:

Kits containing the reagents necessary to perform the end-
labelling of the epitope specific oligonucleotides were obtained from
BMB.

Radio-labelled dCTP and dATP:

Radio-labelled (32P) alpha dCTP and gamma dATP were obtained from
the Anersham Corporation, Arlington Heights, Illinois.
Gene Amplification Kits:

Kits containing Taq I polymerase and the other reagents necessary
to amplify portions of genes using the polymerase chain reaction were
purchased from the Perkin-Elmer/Cetus Corporation, Norwalk,
Connecticut.

Epitope Specific Oligonucleotides:

Epitope specific oligonucleotides were custom made by the Macro-
Molecular Structural Facility in the Department of Biochemistry on the
campus of Michigan State University.

Formamide:
Formamide from Sigma, St. Louis, Missouri was wused in

hybridization mixtures. The formamide was mixed with mixed bed resin
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beads to remove any formic acid prior to use. The purified formamide
was stored frozen.
M13mp8 RF I DNA:

The bacteriophage M13mp8 RF I was purchased from Sigma, St. Louis,
Missouri.
Hybridization Bags:

Hybridization bags manufactured to be wused with biotinylated
probes were obtained from BRL.
Films:

X-0-Mat X-Ray and Technical-Pan films were obtained from Eastman
Kodak, Rochester, New York.

Type 667 black and white film was obtained from the Polaroid

Corporation, Cambridge, Massachusetts.
Intensifying Screens:

Lightening plus intensifying screens used in autoradiography were
obtained from DuPont
Miscellaneous Chemicals:

Unless stated otherwise, all salts, detergents, organic solvents
and other chemicals were purchased from Sigma, St. Louis, Missouri or

other laboratory supply houses.



METHODS

Reagent Preparation:

Composition and special preparation instructions for reagents used in
the methods section can be found in the appendix section.

Venipuncture:

Whole blood was obtained from the animals by standard phlebotomy
techniques. Twenty milliters (mls) of heparinized blood was obtained
for serologic assays. Forty mls of heparinized blood was obtained for
mixed lymphocyte reaction assays and 20 mls of blood collected in
ethylenediamine tetra-acetic acid (EDTA) was obtained for
deoxyribonucleic acid (DNA) extraction. When possible assays were run
simultaneously to minimize the amount of blood collected.

Class I Serology:

Cell Isolation. Heparinized whole blood diluted 1:3 with
phosphate buffered saline (PBS) pH 7.4 was layered over a
ficoll/hypaque mixture with a refractive index of 1.3570. The
blood/ficoll/hypaque density gradient was spun at 200g for 18 minutes.
The isolated lymphocytes were aspirated, transferred to another tube,
and washed with PBS and pelleted by centrifugation at 150g for 12
minutes. The supernatant was discarded. If the mononuclear cell
pellet was contaminated with red blood cells they were removed by a
lysis step. The pellet is gently resuspend in a volume distilled water

and allowed to stand for 15 seconds to hypotonically lyse the red blood
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cells. The lysis was stopped by adding an equal volume of double
strength PBS with EDTA (EPS) to re-establish an isotonic solution. The
red blood cell decontaminated lymphocyte isolate was then pelleted at
50g for 10 minutes, the supernatant was discarded and the cells were
washed with PBS, and pelleted at 50g for 10 minutes. The supernatant
was discarded and the cells resuspended to a count of 2-2.5 x 106 per
ml of McCoys media supplemented with 5% non-cytotoxic normal sera of
the same species.

Two Stage Complement Dependent Lymphocytoxicity Assay. The
standardized microlymphocytotoxicity test wused was that previously
described for HLA typing. Briefly, the first stage of the test
consisted of combining 1 microliter (ul) of the peripheral blood
lymphocytes isolated as described above with 1 ul of the antisera under
5 ul of non-toxic mineral oil in standard tissue-typing trays. The
cells and antisera were incubated at approximately 22°C for 30 minutes.
The second stage consisted of the addition of thawed fresh frozen
rabbit serum (Dogs 1 ul, Sheep and Humans 5 ul) as a source of
complement. The rabbit serum had been previously screened and
determined not to be nonspecifically cytotoxic for isolated lymphocytes
of the species tested. The incubation for the second stage was 60
minutes at approximately 22°C. At the end of the second incubation, 2-
3 ul of 5% eosin was added, which was followed 5 minutes later with 5-8
ul 37% buffered formalin, pH 7.4.

By inverted phase microscopy, the test reactions were read
according to the following code: 0-19% cytotoxicity = 1, 20-29% = 2,
30-49% = 4, 50-79% = 6, 80-100% = 8 and not readable = 0. The

background cytotoxicity readings, those observed in the negative
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control serum, were subtracted from the test values before coding.
Positive reactions (6's or 8's) in the majority of the wells that
contained antisera recognizing a given antigen would result in the
assignment of that antigen to the individual (76).

Dogs in groups 1 and 2 were DLA typed while the dogs of group 3
and 4 were not. The group of sheep were OLA typed using the irradiated
sera from Europe. The six humans used as controls in the amplification
and oligonucleotide probing experiments were HLA typed for A, B and C
loci and class II serologically typed as described below.

Class II Serology:

Cell Isolation. Human peripheral blood lymphocytes were isolated
as described earlier. The B-cells were separated from the T-cells by a
rosetteing technique. An anti-B-cell monoclonal antibody was coupled
to ox cell using chromium chloride. These coupled ox cells were
incubated with the isolated peripheral lymphocytes to form rosettes
with B-cells. The rosettes are separated from the unrosetted cells
using a ficoll-hypaque gradient and the red cells lysed. The B-cells
were washed with PBS and wused in a two stage lymphocyte
microcytotoxicity assay (118). The microcytotoxicity test was
basically the same assay as described earlier with the exceptions of
incubation times and temperatures.

Mixed Lymphocyte Reaction Assay:

Lymphocytes were isolated using a sterile technique in the same
manner as those used for class I serology. Half of these isolated
lymphocytes were suspended to a count of 1.0 x 106/m1 in RPMI nutrient
media supplemented with antibiotics, fungizone and 10% non-cytotoxic

sera of the species being. These cells are considered the responder
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cells in the MLR. The other half of the isolated cells were treated
with mitomycin C to render them incapable of responding. Mitomycin C
does not alter surface epitopes but does block blastogenesis, this
allows the cells to be used as antigen stimulator cells. These cells
were also suspended in nutrient media at a concentration of 1.0 x
106/m1. Responder and stimulator cell populations were combined (1.0
X 107 each) in all possible reciprocal combinations for the one-way and
two-way MLR. By performing one-way and two-way MLR'’s it was possible
to evaluate the response of each animal to each other and their
combined response to each other. It is by this dissection of the
response that the number of haplotypes shared by each animal could be
determined.. The one-way and two-way MLR were incubated at 37°C with
5% CO, and high humidity. The cultures were pulsed with tritiated
thymidine at 96 hours and harvested at 114-120 hours. Cells were
harvested on filter paper disks and added to solulene and scintillation
cocktail in scintillation vials and counted by beta-scintillation
counting. The counts per minute (cpm) of each responder/stimulation
combination were determined for use in calculating stimulation indices.
A low stimulation index denotes that the respondor and stimulator cells
shared class II MHC epitopes. A high stimulation index denotes that
the two animals had disparate class II epitopes. The MLR was performed
with groups 1, 2, 3 and 5 animals (119).
DNA Isolation:

Whole blood collected in EDTA was spun at 200g for 20 minutes.
The resultant buffy coat was transferred to a clean tube and two red
cell washes were performed. Lysis buffer (1 ml of buffer for every

4mls of whole blood) and proteinase K (400 microgram (ug)/ml of lysis
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buffer) were added and the tubes incubated overnight at 55C. Rnase was
added (100 micrograms (ugs)/ ml of lysis buffer) and incubated at 37C
for 60 minutes. An equal volume of a phenol/ chloroform/isoamyl
alcohol (50/48/2) was used to extract the protein from the mixture.
This extraction was repeated on the recovered aqueous phase. An equal
volume of chloroform/isoamyl alcohol (96/4) was used to extract the
aqueous phase twice. One tenth volume of 3 molar (M) sodium acetate
was added to the final aqueous phase from the above extractions. An
equal volume of -20C absolute ethanol was added and mixed by inversion.
The DNA was allowed to precipitate and transferred to a snap top tube.
The DNA pellet was washed twice with 70% ethanol and allowed to air dry
for 30-60 minutes. The DNA was dissolved in 100mM Tris hydrochloride
(HC1) to a concentration of 1-2 ug/ul. Dissolved DNA was evaluated by
spectrophotometry to determine the purity and concentration. Samples
were evaluated at wavelengths of 280 nanometers (nm), 260nm, 250nm and
230nm. Ratios between the absorbances at the 260/280, 260/250 and
230/260 wavelengths were calculated. The 260/280 ratio is a measure of
the amount of protein and phenol contamination of the preparation, an
acceptable range is 1.8 - 2.0. The 260/250 ratio is a measure of the
carbohydrate contamination of the preparation, an acceptable range is
1.0 - 1.5. The 230/260 ratio 1is also an assessment of protein
contamination, an acceptable range is 0.4 - 0.5. Samples outside of
these values were re-extracted with phenol and chloroform or a new
sample was collected (8,9).
DNA Digestion:

Twenty ugs of DNA for each animal were digested with selected

restriction endonucleases according to the manufacturers temperature
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and buffer directives. Four units of enzyme/ ug of DNA was used and
the mixtures incubated overnight. Digestions were stopped by heating
the reaction mixture to 65C and incubated for 10 minutes. The
exception to this routine were samples digested with the Taq I enzyme.
This enzyme remains active at 65C. The Taq I digested samples were
cooled to end the reaction. An appropriate amount of 5X gel loading
buffer was added to each sample. The dogs of group 1 were digested
with the restriction endonucleases EcoR I, Bgl II and Hind III. The
dogs of groups 2, 3 and 4 were only digested with the restriction
endonuclease Taq I. The amplified DQB gene products of the group 4
dogs and the human controls were digested with Alu I, Hae III, Hga I,
Hha I and Taq I. The sheep group was only digested with the
restriction endonuclease Taq I. The dogs used for minisatellite
pedigree analyses were only digested with Hae III.

Electrophoresis:

Agarose was dissolved in Tris'HCl/acetic acid/EDTA (TAE)
electrophoresis buffer to achieve a concentration of 0.75%. Molten
agarose was poured into a 10 centimeter (cm) X 15 cm frame for class II
gels or a 15 cm X 25 cm frame for class I gels. One hundred mls of the
mixture was used for class II gels while 250 mls were used for class I.
The mixture was allowed to harden and cure for one hour prior to the
running of the gels. The digested DNA was loaded into the wells formed
by combs and current was applied (8,9).

Standards of known base palr (bp) size were also run with each
gel. Lambda DNA digested with Hind III was used for class I runs.
Biotinylated lambda DNA digested with BstE II was used for class 1II

runs.
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Class 1 gels were electrophoresed overnight with 25 milliamps (mA)
of current applied. Class II gels were electrophoresed for 4 hours at
50 mA. Gels were run in a submerged mode with recirculation of the
electrode buffers. Electrophoresis was stopped when the two dye
components of the gel loading buffer trisected the gel. Gels were then
removed from the electrophoresis chamber and slid off their frames into
distilled water with ethidium bromide at a concentration of 0.5 ug/ml.
Gels were rotated and allowed to stain in this mixture for 30 minutes
and subsequently they were washed twice with distilled water for 15-30
minutes while rotating. Gels were photographed with transillumination
by ultraviolet (UV) using a Polaroid MP-4 camera and type 667 film. A
wratten filter was used to block stray UV light. A scale was placed
next to the gel. The photography documented the migration distance of
the standards for generation of a scale of size and migration distance
of the standard fragments used to determine the size of unknown
fragments (8,9).
Transfer of Electrophoresed DNA to Membranes:

The method used to transfer the electrophoresed DNA from the
agarose gel to nylon membrane was that of Southern (8,9,119,120).
Briefly, gels were soaked in a solution of 1.5 M sodium chloride (NaCl)
and 0.5 M sodium hydroxide (NaOH). for one hour. Gels were then
transferred to a solution composed of 1.0 M Tris base and 1.5 M NaCl at
pH 8.0. Gels were rinsed briefly in a 10X SSPE and inverted onto a
solid support covered with filter paper with tails that served as
wicks. This support was over a reservoir of 10X SSPE. A nylon
membrane was prewetted with 10X SSPE and placed on top of the gel. Two

pre-wetted filter papers were placed on top and covered with several
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inches of paper towels. This stack was covered with a support and a 9
centimeter (cm) X 20 cm X 6 cm, 264 gram (gm) weight was set on top.
The wicks allowed the passage of 10X SSPE from the reservoir through
the gel and into the paper towels by capillary action. The 1liquid
carried the DNA from the gel to the membrane. Transfers were allowed
to go 16-20 hours. Post-transfer, the origins of the lanes were marked
with pencil on the membrane. The membrane was rinsed with 6X SSPE for
1-2 minutes and air dried for one hour. The DNA was then fixed to the
membrane by baking at 80C under vacuum for 2 hours.

Pre-Hybridization:

Membranes were pre-wetted with water and transferred to a
hybridization bag. Hybridization buffer was added to bag, it was heat
sealed and incubated at 42C with rocking 16-20 hours (8,9,120).
Hybridization buffer volumes were predicated by the size of the
membranes.

Hybridization:

Either a radio-labelled or biotinylated probe was added to the
hybridization buffer and the mixture was returned to 42C and rocked
(8,9,120). Class I membranes were hybridized for 48 hrs while class II
membranes were allowed to hybridize for 5 days. One million cpm of
radio-labelled pH-2IIa probe/ml of hybridization buffer was added to
class I membranes and 1 ug of biotinylated HLA-DRA, -DRB, -DQA, -DQB, -
DPA or -DPB probe was added to class II membranes. Only group 1 dogs
were examined with the class I probe. The canine groups 1, 2 and 3
were evaluated with all six class II probes. Canine group 4 was only
hybridized with the HLA-DQA, -DQB and -DRB probes The sheep were

hybridized with only the six of the class II probes and not the class I
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probe. The group of dogs used for the minisatellite pedigree analysis
were hybridized with the M13 bacteriophage minisatellite probe.
Stringency Washes:
All membranes were washed with 2X SSPE/0.5% Tween 20 at room
temperature for 15 minutes for a total of 3 washes. Membranes were

washed at stringency temperature with 0.2X SSPE/0.5% Tween 20 for a

total of three washes also. Class I membranes were washed at 60C.
Class II membranes were washed at 55C. Membranes were air dried
(8,9,120).

Autoradiography:

Class I membranes were placed in a casette with X-Ray film and an
intensifying screen and stored at -70C. Films were exposed for a
period of 5-14 days prior to development. Films were developed using
GBX-2 developer and fixing reagents according to manufacturers
directions (8,9,120).

Non-Radioactive Development:

Class II membranes were rinsed with PBS/5% Triton X-100 for five
minutes prior to incubation with strep avidin horse radish peroxidase
conjugate diluted in the solution to a concentration of 0.29 ugs/ml.
Membranes were allowed to incubate for one hour. Membranes were washed
for five minutes in a PBS/5% Triton X-100 buffer that included 1M urea
and 1% dextran sulfate for a total of five washes. Membranes were then
developed in a 10mM sodium citrate/10mM EDTA solution at pH 5.0 that
included 0.4mM tetramethylbenzidine and 0.0014% hydrogen peroxide.
Color development was allowed to progress for 60-90 minutes. Membranes
were then rinsed with distilled water and photographed for

documentation (120). Membranes were photographed using Kodak Technical
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Pan film that was developed using Tech Ethol developer and Rapid Fix

fixer and printed on medium contrast film.
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Radiolabelling of Probes:

Deoxycytidine triphosphate tagged with radioactive phosphorus was
incorporated into the pH-2Il1a murine derived probe by nick translation
or random priming methods (8,9,121,122). Both methods were performed
using commercially obtained kits. The amount of radiolabel
incorporation was 2.0 X 106 degradation particles/minute (dpm) /ug for
nick translation reactions. The random primed reaction achieved 3 X
107 dpm/ug using kits. One ug of pH-2IIa probe unremoved from the
vector plasmid was used for nick translation reactions. Unincorporated
radiolabelled dCTP was removed from nick translation reactions by
ethanol precipitations. One hundred and twenty five nanograms (ng) of
plasmid removed pH-2IIa probe was used for random prime reactions.
Unincorporated radiolabelled dCTP was not removed from the random prime
reaction mixture prior to hybridization.

Preparation of Murine Probes:

The pH-2IIa probe is a 400 bp fragment inserted in the pBR325
that was removed by double digestion with Sall and Hha I restriction
endonucleases. Large quantities of plasmid was prepared by growing the
host bacteria (Escherichia coli K-803) containing the plasmid and pH-
211a insert in Luria-Bertani medium at 37C with vigorous shaking. When
the optical density (wavelength of 600nm) of the culture reached 0.4-
0.5, 85 milligrams of chloramphenicol was added to amplify plasmid
growth. Growth was continued overnight. The culture was then
centrifuged at 5000g to pellet the bacteria and the supernatant was
discarded. The pellet was resuspended in a solution containing 50mM
glucose/25mM Tris'HCl (pH 8.0)/10mM EDTA and 2mg/ml lysozyme. This

mixture was incubated at room temperature for 10 minutes before the
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addition of NaOH and sodium dodecyl sulfate (SDS) to a final
concentration of 130mM and 0.6% respectively. This mixture was allowed
to stand on ice for 10 minutes. Sodium acetate was added to a final
concentration of 1.5 M, and the mixture was allowed to stand for 10
minutes. This mixture was centrifuged at 15,000g at 4C and the
supernatant transferred to a clean tube. Fifty ugs of Dnase Free Rnase
was added for each ml of supernatant and incubated at 37C for one hour.
The supernatant was extracted twice with an equal volume of a
phenol/chloroform/isoamyl alcohol (50/48/2) saving the aqueous phase
each time. Six tenths volume of isopropanol was added to the aqueous
phase and incubated for thirty minutes. This mixture was centrifuged
at 10,000g for thirty minutes at room temperature. The supernatant was
discarded and the pellet dissolve in distilled water. Polyethylene
glycol and NaCl were added to make final concentrations of 6.5% and 1 M
respectively. This mixture was incubated on ice for one hour and then
centrifuged at 10,000g for ten minutes. The resultant pellet was
dissolved in distilled water (123). The concentration and purity of
the DNA was determined as described under the isolation of genomic DNA.
Four units of Sal 1 restriction endonuclease was added for each ug of
plasmid DNA digested and allowed to digest overnight. Four units of
Hha I restriction endonuclease enzyme was added for each ug of DNA in
the Sal I digest and allowed to incubate overnight. The reaction was
stopped by heating it to 65C for 10 minutes. The digested DNA was
loaded on a 3% agarose gel and electrophoresed to allow separation of
the pH-2IIa fragment from the digested plasmid DNA. The gel was
stained and washed as described earlier and the 422 bp fragment was

excised from the gel while being transilluminated by UV 1light. The
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probe was electroeluted from the gel slice if it was to used for nick
translation and left in the gel for random priming (8,9).
Calculation of Fragment Length of Unknowns:

The lengths of the fragments of the RFLP’'s generated from the
above techniques were calculated using a least sum of squares computer
program (124). The length of unknown fragments was determined by
comparing the migration distance of the fragments with those of the
standards run in parallel with each gel.

Amplification of Selected Portions of DQB Genes:

Amplification of selected portions of HLA-DQB genes of human and
dog IDDM and controls was accomplished using a Perkin-Elmer/Cetus
Thermocycler, Perkin-Elmer/Cetus, Norwalk, Connecticut. One ug
quantities of selected genomic DNA was mixed with appropriate amounts
of all four dNTP's, selected primers, reaction buffer and Taq I
polymerase enzyme. This reaction mixture was subjected to 30 cycles of
amplification. These cycles consisted of a period at 95C to allow
dissociation of the DNA chains, a period at 57C to allow attachment of
primers and a subsequent incubation at 72C to allow chain extension
(125). The primers used were based on human sequence data (101,102).
They were GLPDQBl1 ({5’'GATTTCGTGTACCAGTTTAAGGGC 3')(recognizes amino acid
positions 6-13) and GAMPDQXB2 (5’'CCACCTCGTAGTTGTGTCTGCA 3')(recognizes
amino acid positions 79-86) (101). These primers defined a 240 bp
section of the HLA-DQB gene. This encompasses the area that encodes
the 57th codon region of interest. One tenth of the amplified product
was run on an acrylamide gel to determine the size and purity of the

product prior to dot blot analysis (9).
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Portions of the amplified products of human and canine origin were
digested with several restriction endonucleases and electrophoresed in
a polyacrylamide gel to evaluate the fragments patterns generated.
Restriction enzymes that have a four base pair recognition sequence
were chosen. These were; Alu I, Hae II, Hha I and Taq I. The enzyme
Hga I was also chosen based on human sequence data (101,102).
Examination of the sequence of HLA-DQB amplified by the above process
indicates that digestion of this product with Hga I would yield 2

7th codon and 3 if it is not.

fragments if aspartate is encoded at the 5
The purpose of this exercise was to identify unique RFLP's for diabetic
humans and/or dogs.

End-Labelling of Oligospecific Probes:

Oligonucleotide probes were purified by passage over a high
pressure liquid chromatography [Dupont Oligo-Column] system to isolate
the specific oligonucleotides to be used as probes from the failure
sequences and concatamers present as a result of synthesis. These
probes were then desalted and end-labelled with gamma-3,P dATP. The
probes used were HLA-DQw3.1-57 a 17-mer recognizing aspartate at the
57tM codon of the HLA-DQw3 gene and DQw3.2-57 a 17-mer recognizing non-
aspartate at the 571:1’l codon of the HLA-DQw3 gene (101,102).

Dot Blotting:

One fourth of the amplified product from the polymerase chain
reaction was heated to 95C for 10 minutes and then immediately iced.
Once this DNA was chilled it was dot blotted to nylon membrane, washed
with 10X SSC and baked. The baked membrane was prehybridized for 18
hours in a solution containing 40% formamide, 6X SSC, 5X Denhardt'’'s

reagent, 5 mM EDTA, 0.5% SDS and 1% non-fat dried milk. The end-
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labelled probes were added to this mixture and hybridized for 36 hours.
The blots were washed at stringencies that required completely
identical base pair matching using 6X SSC. The blots were then
autoradiographed overnight with 2 intensifying screens (9,101,102).
Minisatellite DNA Fingerprinting:

Blood from the animals used for M13 probing were processed in the
fashion as previously stated for MHC analyses. Whole blood was
collected and genomic DNA isolated from the leukocytes by extraction of
cellular lysates with organic solvents and final precipitation with
absolute ethanol. The concentration and purity of the DNA was
determined and 15 ug quantities of acceptable samples were digested to
completion with 60 units of Hae III restriction endonuclease. The
digested DNA was electrophoresed, along with molecular weight markers,
in a 1.0% agarose gel overnight at a power of 1 mA/cm of length. The
migration distances of the molecular markers were documented by
photographing the ethidium bromide stained gel. The gel was denatured,
neutralized and the DNA transferred to a nylon membrane by capillary
action. The membrane was rinsed, air dried and baked at 80C to assure
binding of the DNA. The prehybridization period was 18 hours at 420C
and used the same solution as that used in the dot blots described
previously. Forty five ng quantities of the M13 probe were random
prime labelled and added to the reaction mixture. The probe was
allowed to hybridize for 16-20 hours at 420C. The membrane is washed
twice at room temperature for fifteen minutes in a 2X SSC/0.5%SDS
buffer. Four fifteen minutes washes at 65C with 2X SSC/0.5% SDS were

followed by two 30 minute washes with 1X SSC at 65C complete the
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stringency washes (116,117). The membrane 1is the dried and
autoradiographed for 5-10 days.
M13 Minisatellite Probe:

The bacteriophage M13mp8 RF I was digested with 3 units of Hae III
restriction endonuclease (116,117). The digest was electrophoresed in
a 1.2% agarose gel. The 309 bp fragment generated by the digest was
excised and placed in a pre-weighed tube. Water was added at a
concentration of 3 mls/ gram of agarose. The mixture was boiled for 10
minutes, mixed and stored at -20C for future use. The DNA fragment
when used was labelled without the removal of the agarose (121,122).
Analysis of DNA Fingerprint RFLP’s:

The sizes of the fragments generated by the minisatellite
technique were determined using the least sum of squares computer
algorithm described earlier. The individual<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>