DNA to RNA to protein
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Gene to Phenotype: The BAD2 gene and fragrance in
rice
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* Comespondence (fax +61 2 66203010; 2-acetyl-1-pyrroline. A recessive gene (fgr) on chromosome & of rice has been linked to
e-mail rhenry@scu.edu.au) this important trait. Here, we show that a gene with homology to the gene that encodes

betaine aldehyde dehydrogenase (BAD) has significant polymorphisms in the coding region
of fragrant genotypes relative to non-fragrant genotypes. The accumulation of 2-acetyl-1-
pyrroline in fragrant rice genotypes may be explained by the presence of mutations resulting
in a loss of function of the fqgr gene product. The allele in fragrant genotypes has a mutation
introducing a stop codon upstream of key amino acid sequences conserved in other BADs.
The figr gene corresponds to the gene encoding BAD2 in rice, while BAD1 is encoded by a
gene on chromosome 4. BAD has been linked to stress tolerance in plants. However, the
apparent loss of function of BAD2 does not seem to limit the growth of fragrant rice
genaotypes. Fragrance in domesticated rice has apparently originated from a common
ancestor and may have evolved in a genetically isolated population, or may be the outcome

K rds: Z-acetyl-1- line, betai I o . .
eywardls: 2-acetyh-1-pyroline, betaine of a separate domestication event. This is an example of effective human selection for a

aldehyde dehydrogenase, aroma, basmati,
jasmine. recessive trait during domestication.



http://barleyworld.org/sites/default/files/gene_for_fragrance_in_rice_0.pdf

Eukaryotic Gene Structure

DNA sequence specifying a protein 200 — 2,000,000 nt (bp)
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RNA

Ribonucleic acid (RNA) is a key nucleic acid in transcription
and translation. RNA is like DNA except that:

1. Usually single rather than double stranded
2. Pentose sugar is ribose rather than deoxyribose

3. It contains the pyrimidine base uracil (U) rather than
thymine (T)



Classes of RNA

1. Informational (messenger); mRNA

2. Functional (transfer, ribosomal RNA)
* tRNA
 rRNA

3. Regulatory: (RNAI)



Informational (messenger) - mRNA

single-stranded RNA molecule that is complementary to one
of the DNA strands of a gene

an RNA transcript of the gene that leaves the nucleus and
moves to the cytoplasm, where it is translated into protein

Cell

/ . Nucleus
\.
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RNA Transcript

N\ TA-TG- -TAGT -GG GTT G- -TTAA Nucleus
3
Messenger RNA (mRNA)
an RNA version of the gene that leaves the cell nucleus and moves to the cytoplasm
UACUGCCUAGUCGGLGUUCG GUUGU u
llllllllllllllllllllllllllllllllllll C ° Iasm
mRNA Yoy

http://www.genome.gov/glossary



Functional (transfer) - tRNA

Molecules that carry amino acids to the growing polypeptide:
~ 32 different kinds of tRNA in a typical eukaryotic cell

Each is the product of a separate gene.

They are small containing ~ 80 nucleotides.

Double and single stranded regions

The unpaired regions form 3 loops
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Functional (transfer) - tRNA

« Each kind of tRNA carries (at its 3’ end) one of the 20 amino
acids

« At one loop, 3 unpaired bases form an anticodon.

« Base pairing between the anticodon and the
complementary codon on a mRNA molecule brings the correct
amino acid into the growing polypeptide chain

(a) (b)
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Functional (ribosomal) - rRNA

The ribosome consists of RNA and protein

Site of protein synthesis

Ribosome reads the mMRNA sequence

Uses the genetic code to translate it into a sequence of amino
acids

rRNA Proteins Subunits Assembled

L1 L2 L3 ribosomes
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Regulatory (silent) - RNAI

Regulatory RNA: So special it deserves a section all its own.

e ————

Dicer Dicer siFHA
- cg - _EIIIIEIII_

JJ.JJJJJLAAA( S M‘JJ_LAAA( Jhp

Translation block
bboke Tty LLLLLIL ||||||||1|||||

RISC "stuck" on target

mENS Cleavade

Cytoplasm

www.ncbi.nlm.nih.gov



http://www.ncbi.nlm.nih.gov/projects/genome/probe/doc/TechRnai.shtml

Transcription

 Messenger RNA (mRNA) is an intermediate in the transcription

process
» Transmits the information in the DNA to the next step: translation

« Three transcription steps: initiation, elongation, and
termination.

« Either DNA strand may be the template for RNA synthesis for a
given gene.

>

>
>

For any given gene, the template strand is also referred to as the antisense (or
non-coding) strand

Non-template strand is the sense (or coding) strand

The same DNA strand is not necessarily transcribed throughout the entire
length of the chromosome or throughout the life of the organism.



Transcription

Either strand of the DNA may be the template strand for RNA
synthesis for a given gene.

BN Template strand Nontemplate strand 4 Direction of transcription



Transcription

The template strand is also referred to as the antisense (or
non-coding) strand and the non-template strand as the sense
(or coding) strand. The same DNA strand is not necessarily
transcribed throughout the entire length of the chromosome or
throughout the life of the organism.

| Template strand
Promoter P

\i

= Gene



Transcription & Gene Expression

The majority of genes are expressed as the proteins they
encode. The process occurs in two steps:

* Transcription = DNA — RNA
« Translation = RNA — protein

Taken together, they make up the "central dogma" of biology:
DNA — RNA — protein.



DNA to RNA to protein

Here is an overview.
5 _,,ATGGCCTOGGACTTCA... 3" Sense strand of DNA
3*  .,.TACCGGACCTGAAGT... 5 Antizen=ze =trand of DNA

* Transcription of antisense strand

37 ...,AUGGCCUGGACUUCA... 3 mBNA
* Translation of mRNA

Metem AlOem Tr‘p— Thr == Ser = pEFI“dE

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/T/Transcription.html



Transcription: Initiation

1. Initiation: Transcription is initiated at the promoter.

Gene
| 5' UTR
AUG Transcription
(a) 5 \N\NAN\N\N\N\NS
Promoter Coding sequence of gene
+1 Y
ATG

(b) Strong E.coli promoters

tyrtRNA TCTCAACGTAACACTTTACAGCGGCG:* *CGTCATTTGATATGATGC*GCCCCGCTTCCCGATAAGGG

rrn D1 GATCAAAAAAATACTTGTGCAAAAAA+ - TTGGGATCCCTATAATGCGCCTCCGTTGAGACGACAACG
rrn X1 ATGCATTTTTCCGCTTGTCTTCCTGA *GCCGACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
rrn (DXE); CCTGAAATTCAGGGTTGACTCTGAAA* - GAGGAAAGCGTAATATAC:GCCACETCGCGACAGTGAGC
rrnE1 CTGCAATTTTTCTATTGCGGCCTGCG* - GAGAACTCCCTATAATGCGCCTCCATCGACACGGCGGAT
rrn A1 TTTTAAATTTCCTCTTGTCAGGCCGG+ - AATAACTCCCTATAATGCGCCACCACTGACACGGAACAA
rrn A2 GCAAAAATAAATGCTTGACTCTGTAG:* + CGGGAAGGCGTATTATGC+*ACACCECGCGCCGCTGAGAA
+] —

Consensus sequences 15-17 bp

for most E. coli promoters @ @AOATI

The promoter is a key feature for control of gene expression.
Promoters have defined attributes, in terms of their
sequence organization.



Transcription: Elongation

2. Elongation:

Promoter

REWIND | STOP | PLAY | P 1/5

RNA polymerase is positioned at a promoter DNA sequence by
various transcription factors.



Transcription: Elongation

2. Elongation:

REWIND | STOP | PLAY | 4p 2/5

The polymerase separates the base pairs of DNA, forming a
transcription bubble.



Transcription: Elongation

2. Elongation:

Transcription
bubble

REWIND | STOP | PLAY | 4)p 3/5

A ribonucleoside triphosphate diffuses into the active site and base
pairs with the complementary base of the template.



Transcription: Elongation

2. Elongation:

b5

REWIND | STOP | PLAY | 4) 45

A second ribonucleotide pairs with the template and is joined to
the first base by a phosphodiester bond.



Transcription: Elongation

2. Elongation:

=
o

i

Phosphodiester
bond

REWIND | STOP | PLAY | Y| 5/5

The polymerase then copies the DNA in a stepwise fashion,
separating the DNA base pairs ahead and forming base pairs
behind. The RNA is elongated as the polymerase transcribes the
gene.



Transcription: Termination

3. Termination

Termination o



Transcript Processing

* Prokaryotes - mRNA is sent on to the ribosome for translation.
 Eukaryotes - primary RNA transcript is processed into a mature
MRNA before exporting to the cytoplasm for translation.

(a) Nonter;nplate strand _RNA polymerase
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Transcript Processing

5" cap: 7-methylguanosine added to free phosphate at 5" mRNA

* Prevents degradation and assists in ribosome assembly

3’poly(A tail): After pre-mRNA is cleaved, poly (A) polymerase adds

~200 A nucleotides

* Protects against degradation, aids export to cytoplasm, and
involved in translation initiation

Splicing: Removal internal portions of the pre-mRNA

* Most eukaryotic genes have an intron/exon structure

* Splicing removes introns and remaining exons are rejoined

Exon Intron Exon
re-mRNA— I . ——— A — A ——
\.__/

(1) l
— C%—AG——
} -

spliced
MRNA




Transcript Processing
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Transcript Processing

Changes in intron sequence splicing can affect what the gene encodes
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The Genetic Code

The sequence of a coding (sense, non-template) strand of DNA,
read 5 — 3’, specifies a sequence of amino acids (read N-
terminus to C-terminus) via a triplet code. Each triplet is called a
codon and 4 bases give 43 possible combinations.

Reading the DNA code: There are 64 codons; 61 represent
amino acid codes and 3 cause the termination of protein
synthesis (stop codons).

Degeneracy: Most amino acids represented by >1 triplet



Reading the Code

There are 64 codons; 61 represent amino acid codes and 3 cause

the termination of protein synthesis (stop codons).
Second letter

U C A G
Uuu } UCU’ UAU} UGU } U
v uciPP ucc | uact™" uec I ¢
UUA}Leu UCA UAA Stop UGA Stop A
UUG UCG . UAG Stop UGG Trp G
CUU) CCU ) CAU}His CGU ) U
cuC ccc CAC CGC C
4 > 4 q
S B cua[le¥ cca[Pro CAA} o CGA [AT9 A 3
= | CUG| CCG | CAGJ ™" GG . G g
=  AUU] ACU ) AAU AGU u o
£ . AUCtlle AcC|_ aAC JAsn agc |Ser ¢ =
= AUA | ACA [ '™ AAA AGA} ara B T
AUG Met ACG AAG}'-YS AGG | "9 I§
GUU) GCU) GAU} Aey GGU U
g GUC|,., GCC|, =~ GAC P GGC  Giv I
GUA['® Gca[Pe GAA} cl, GGA Y A
GUG GCG GAGJ " GGG G




Translation

Overview: The process of translation takes the information that
has been transcribed from the DNA to the mRNA and, via some
more intermediates (ribosomes and transfer RNA), gives the
sequence of amino acids that determine the polypeptide.

1.Ribosomes:

2.Transfer RNA (tRNA).



Ribosomes: Structure & Subunits

rRNA Proteins Subunits Assembled
L1 |.z L3 - ribosomes
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Transfer RNA (tRNA)

(a) (b)
3'
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Amino acid / A 3’
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TyC loop
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Anticodon loop

Anticodon

5' Codon for alanine 3' mRNA



Translation — 3 Steps

1. |Initiation: In addition to the mRNA, ribosomes, and tRNAs,
initiation factors are required to start translation. The AUG
codon specifies initiation, in the correct sequence context. It
also specifies methionine (MET).

2. Elongation: Much as initiation factors were important in the
first step, now elongation factors come into play. The

reactions also require additional components and enzymes.

3. Termination: There are three "stop" codons.



Translation — Initiation

Large
ribosomal
subunit

) ) P site

| ee——

Start codon

Small

) ) ribosomal s
mRNA binding site subunit Translation initiation complex



Translation — Elongation

Aminoend ¢
of polypeptide

Ribosome ready for g >
next aminoacyl tRNA




Translation — Termination

Release

%POlyPeptlde @
) 3'
3'

Stop codon
(UAG, UAA, or UGA)

L1 2] ©



DNA to RNA to Protein

The following data from GenBank (accession No.AY785841 )
illustrate several points made in the preceding sections on
transcription, the DNA code, and translation.



ene

mRNA

5'UTR

CDS

3'UTR

Reading Sequence Databases

<1..>77
/gene="CBF2A"
<1..>772

/gene="CBF2A"
/product="HvCBF2A"”

<1..12
/gene="CBF2A"
13..678

/gene="CBF2A"”

/note="HvCBF2A-Dt; AP2 domain CBF protein; putative CRT
binding factor; monocot HvCBF4-subgroup member
/codon_start=1

/product="HvCBF2A"

/protein_id="AAX23688.1"

/db_xref="GI:60547429"
/translation="MDTVAAWPQFEEQDYMTVWPEEQEYRTVWSEPPKRRAGRIKLQE
TRHPVYRGVRRRGKVGOQWVCELRVPVSRGYSRLWLGTFANPEMAARAHDSAATLALSGH
DACLNFADSAWRMMPVHATGSFRLAPAQEIKDAVAVALEVFQGQHPADACTAEESTTP
ITSSDLSGLDDEHWIGGMDAGSYYASLAQGMLMEPPAAGGWREDDGEHDDGFNTSASL
WSY"

679..>772

/gene="CBF2A"



http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=4&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=5&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=2&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=2&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=2&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=1&view=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=AAX23688.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=60547428&itemID=3&view=gbwithparts

ORIGIN
1
61
121
181
241
301
361
421
481
541
601
661
721

HvCBF2A DNA Code

tagctgcgag
acggtgtggce
gccggceccgga
ggcaaggtcg
ctctggctcg
ctcgccctct
cccgtccacg
gccgtegcecce
agcacgaccc
ggcatggacg
gccgceggag
tcgctgtgga
agtagctagt

ccatggacac
cggaggagca
tcaagttgca
ggcagtgggt
gcaccttcgc
ccggccatga
cgactgggtc
tcgaggtgtt
ccatcacctc
ccgggtccta
ggtggcggga
gctactagtt
actactagct

agttgccgcec
ggagtaccgg
ggagacgcgc
gtgcgagctg
caaccccgag
tgcgtgcectce
gttcaggctc
ccaggggcag
aagcgaccta
ctacgcgagc
ggacgacggc
cgactgatca
gtgttcttcc

tggccgcagt
acggtttggt
cacccggtgt
cgcgtccecg
atggcggcgc
aacttcgccg
gcccccgcegce
cacccagccg
tcggggctgg
ttggcgcagg
gaacacgacg
agcagtgtaa
accaggcgtc

5’ Untranslated Region (UTR)

Start Site (Methionine Codon

Stop Site Codon

3’ Untranslated Region (UTR)

ttgaggagca
cggagccgcc
accgcggcgt
taagccgggg
gcgcgcacga
actccgecctg
aagagatcaa
acgcgtgcac
acgacgagca
ggatgctcat
acggcttcaa
attattagag
aggcctggca

agactacatg
gaagcggcgg
gcgacgccgt
ttactccagg
ctccgcecgeg
gcggatgatg
ggacgccgtc
ggccgaggag
ctggatcggc
ggagccgccg
cacgtccgcg
ttgtagtatc
ag



HvCBF2A DNA Code Details

1. This sequence of 772 nucleotides encodes the gene HVCBF2A is
from gDNA (genomic DNA) from the barley cultivar Dicktoo. Start
reading the codons at nucleotide 1; the coding sequence starts at
nucleotide 13 (codon = AUG = Met) and ends with nucleotide 678
(codon UAG = Stop).

2. When DNA base sequences are cited, by convention it is the
sequence of the non-template (sense, coding) strand that is given,
even though the RNA is transcribed from the template strand. The
following Table shows highlighted sequences from the HVCBF2A
gene and their interpretation.



More Code Details

Sequence Type
5'atg gac aca......... tag 3’ Non-template DNA (decode replacing T with U )
3' tac ctg tgt......... atc 5’ Template DNA
5'aug gac aca........ uag3' RNA (decode)
M D T Stop Amino acid code (See Table)

Methionine, Aspartic acid, Threonine Amino acid code (See Table)




TABLE 3-1

Amino Acid Abbreviations

Amino Acid

Alanine
Arginine
Asparagine
Aspartic acid
Cysteine
Glutamic acid
Glutamine
Glycine
Histidine
[soleucine

The 20 Amino Acids Common in Living Organisms

ABBREVIATION

3-Letter

Ala
Arg
Asn
Asp
Cys
Glu
Gin
Gly
His
lle

1-Letter

—Tooomaogz=x>

Amino Acid

Leucine
Lysine
Methionine
Phenylalanine
Proline

Serine
Threonine
Tryptophan
Tyrosine
Valine

ABBREVIATION

3-Letter

Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val

1-Letter

<<g-HuTVTMZRLC




Transcription, Translation, Phenotype

A. Allelic variation at the DNA sequence level. the fragrance in rice
example

= Exons = Introns
Exon 8 - Contains coding| | Exon 9 - contains coding Exon 10 - Contains
region for conserved region for conserved amino| | coding region for conserved
VSLELGGKSP motif, acid Cys, 28 amino acids EGCRLGSVVS matif.
from previous maotif,

ATG TAA
1 2 3 4 5 67 8 9 10 11 12 13 14
mm |
1 2 3 4 5 67 8 9 10 111213 14 15

Mon=Fragrant Rice AT TOCAT T TAC TGEEACTTATGARRCTEETARAAAGAT TATGECTTCASOTGCTCCTATEETTARG
Fragrant Rice AT T GCAT T TAC T ECEACT TATGARACTEETATAT A= - —————— TTTCAGCTECTCCTATEETTAAG
HAR R RN R AR T HRAARNN R RN N R AT TR R AT RNN * h e W ke e e R R W Wk ok

Figure 2 Structure of the fragrance gene (fgr) [Knowledge-based Oryza Malecular Biological Encyclopedia (KOME) 1D: 1023088C02] showing initiation
codon (ATG), 15 exans, 14 intrans and the ATT termination site. The nudeotide sequence of exon 7 is shown for both non-fragrant and fragrant rice
varieties. The fragrant variety shows a large deletion and three single nudeotide polymarphisms (SNPs), and then terminates prematurely (stop codon
in red), within this exan. The truncated protein encoded in fragrant rice varieties would therefore lack the highly corserved sequences encoded by exorns

8, 9 and 10, which are believed to be critical for protein function.



Transcription, Translation, Phenotype

Allelic variation at the DNA sequence level: the fragrance in rice
example

« Mutations are changes in sequence from wild type

« Can affect transcription, translation, and phenotype
» An insertion/deletion event can produce a frameshift
» Premature stop codon in frame, as in the rice example

Frameshift
**% CTGGGAGATTATGGCTTTAAG***
*%% CTGGGA - == - -~ - = - - - TAAG* ** 11 bp deletion, alignment

**% CTG GGA GAT TAT GGC TTT AAG
**#* CTG GGATAAG codon alighment

Leu Gly Asp Tyr Gly Phe Lys
Leu Gly STOP G translation



Sequence Changes & Translation

Silent

**% CTG GGA GAT TAT GGC TTT AAG***

**%* CTG GGA GAT TAT GGC TTC AAG*** alignment
Leu Gly Asp Tyr Gly Phe Lys
Leu Gly Asp Tyr Gly Phe Lys translation
Missense

**% CTG GGA GAT TAT GGC TTT AAG***

*** CTG GGA GAT TAT GGC TAT AAG*** alignment
Leu Gly Asp Tyr Gly Phe Lys
Leu Gly Asp Tyr Gly Tyr Lys translation
Nonsense

*** CTG GGA GAT TAT GGC TTT AAG***
*** CTG GGA GAT TAG GGC TTT AAG*** alignment

Leu Gly Asp Tyr Gly Phe Lys
Leu Gly Asp STOP translation



Transcription, Translation, Phenotype

Allelic variation at the DNA sequence level: the fragrance in rice
example

Mutations are changes in sequence from wild type

Can affect transcription, translation, and phenotype
» An insertion/deletion event can produce a frameshift
» Premature stop codon in frame, as in the rice example

Rice fragrance gene patenting - Basmati
Rice fragrance gene patenting - Thailand
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Business-in-Asia ’ com

Thai Scientists Patent Rice Genes Responsible for Aromatic Rice

Scientist at the National Centre for Genetic Engineering and Biotechnology (BIOTEC) and Kasetsart University announced
recently that they have successfully isolated and patented a group of genes found in rice that are responsible for producing
aromatic rice. The discovery was made last year and the patent registered earlier this year.

Patent registration was secured first with the US Patent and Trademark Office. This is being followed by patent
applications in another seven countries - specifically Australia, France, China, Vietnam, Japan, India and the
Philippines. The leader of the Thailand Rice Genome Project, Dr. Apichart Wannavijitr, said yesterday that registration
marked the first time Thai researchers had received patent protection for genetic material and showed that Thailand's
capacity in biotechnology was now world class.

BIOTEC's director, Dr. Morakot Tanticharoen, said the team had spent several years
studying the rice genome to isolate the genes in Thai jasmine rice that gave it its unique
fragrance. The sequence of genes giving a rice plant a fragrant aroma is now not only
known but can also be used to create aromatic qualities in ordinary, non-aromatic rice
varieties, she said.

The researchers found that fragrant rice was the result of a genetic mutation in that the
plant actually was the result of abnormal genes. In the case of Thai jasmine rice, eight
genetic “characters” are not working.

The rice genome has about 50,000 genes. This discovery led researchers to conclude
that if the same eight characters were stopped in other rice varieties, they would
develop aromatic qualities, she said.

Dr. Morakot Tanticharoen

To prove their theory, laboratory tests were carried out on non-fragrant Japanese rice to successfully change it into fragrant
rice.

With this technique, researchers can improve other rice breeds to produce a better fragrance. Dr. Morakot said, the
technique could also be used to improve other crops, including wheat, corn, soybeans and coconuts,

Apichart said it was important for Thailand to register the patent so as to protect Thailand’s unique natural heritage in
producing Thai aromatic rice, which is world renown for its scent and flavor.



Patenting Native Genes?
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The Protein Code

From gene to polypeptide: There are 20 common
amino acids and these are abbreviated with three-
letter and one-letter codes.

TABLE 3-1 The 20 Amino Acids Common in Living Organisms

ABBREVIATION ABBREVIATION
Amino Acid 3-Letter 1-Letter Amino Acid 3-Letter 1-Letter
Alanine Ala A Leucine Leu L
Arginine Arg R Lysine Lys K
Asparagine Asn N Methionine Met M
Aspartic acid Asp D Phenylalanine Phe F
Cysteine Cys C Proline Pro P
Glutamic acid Glu E Serine Ser S
Glutamine Gin Q Threonine Thr T
Glycine Gly G Tryptophan Trp W
Histidine His H Tyrosine Tyr Y
[soleucine Ile I Valine Val Vv




Protein Variation - Structure

Levels of protein structure: The primary, secondary, tertiary, and
quaternary structures of protein.

(a) Primary structure
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(b) Secondary structure
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Protein Variation - Function

* Functional - Enzymes (biological catalysts) have active sites
» Change in site can give change in activity/function

Active




Protein Variation - Structure

Structural proteins can have tremendous economic and cultural value,
e.g. wheat endosperm storage proteins. The same proteins can cause
iIntense suffering in certain individuals - e.g. celiac disease

PROTEINS

Activation of Celiac Disease Immune System by Specific ¢-Gliadin Peptides

MARJA-LEENA LAHDEAHO,"* EEVA VAINIO, MATTI LEHTINEN,* Pﬁ[}’l PARKKONEN,'
JUKKA PARTANEN,® SAIJA KOSKIMIES,? and MARKKU MAKI®!

ABSTRACT Cereal Chem. T2(5):4 73479

Two different gliadin molecules (designated o-gliadin and /f-gli-
adin} were synthesized as 52 and 58 ten amino acid (ao} long overlap-
ping peptides for the determination of their B-cell epitopes. Monoclonal
antibodies and human serum pools revealed two cpitopes common for
both gliadins (peptide 14 aa:s 6675 and peplides 3dcc aas 166175,
6P anis 176—-185) and two unique epitopes (@-gliadin peptides 48
ans 236-245 and of-pliadin peptide 52 aas 256=-275). In addiuon,
peptide 9 (QPYPQPQPFP) aa:s 41-50 and peptide 42 (LGQGSFRPSQ)
ans 206—-215 were detectable by monoclonal antibodies and serum
pools from patients with unireated celiac diseaze but not by scrum pools
from disease control paticnts wha had antigliadin antibodies, Patients

with celiae discase were alsg studied for their human leukocyte antigen
(HLA) class II status (the presence of genetically determined proteins
on antigen-presenting cells that are importamt for immunological
recognition). Antigliadin antibody response to peptide QFYPQPQPFP
was restricted by celizc disease (and HLA class I1) because relative
amounts of the antipeptide antibodies weee significantly (P < 0.03)
increased in celiac disease patients. The HLA allcles DOQAT*0501 and
DQR #0201 are sirongly associated with celiac discase. The difference
between paticnts with celiae disease and healthy control subjects with
regard to peptide QPYPQPOPEP suggest that this region in the gliadin
molecule is of pathopenctic importance in celiac disease.



http://barleyworld.org/sites/default/files/celiac.pdf

DNA to RNA to protein

Protein function and non-function: Changes in DNA coding
sequence (mutations) can lead to changes in protein
structure and function.

Proteomics: “If the genome represents the words in the
dictionary, the proteome provides the definitions of those
words’.



