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The Central Dogma of
Biology

Transcription Translation

DNA ————————p  mRNA——
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Blueprint Intermediate Does Stuff




ZTees.
In a lavge bowl, sift and mix together
3 cups flour
1/4 teaspoon salt
1 teaspoon baking soda
1 tablespoon ginger
I teaspoon cinnamaon
1/4 teazpoon ground cloves
1/4 teaspoon ground nutmeg
In another bowl or mixer cream:
12 tablespoon (1 1/2 sticks) unsalted butter
3/4 cup brown sugar
1eg
ir the dry ingredie
Then add:
1/2 cup molasses
1 tablespoon vamni

into the ereamed mixture

Let dough rest at least 2 hours, roll dough 1/4 inch thick and cut with a cutter Bake 7 to 10 minutes on

a greased cookie sheet. Do not peek! Makes 2 dozen cookies.
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This 1s DNA
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This 1s DNA
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T

T G

C

G

tcctggcatc
aggact caga
ttactttttt
caat aaagt t
caaaat gct t
aacattcaca
cctcttcagt
gcaaaaact ¢

ggcact gcgg
cgt agat gga

agttactgtg
t ct gggaggc
t aaagct gct
t gaagaact t
t ggt gggaag
aaat gggt aa
gacct acagg
ccaaaagaaa
gttttgcaga
aat cat aaac

tt gact cact
aattaccttc
gaagtttgtt
ttaccaggtt
aagt agagga
at gcacaat t
at gggaggcg
aaggat ccac
acaat aat gt
t gactcttgg

cagt gtt ggg
ggagaaaaac
ggtttctcat
ftttttatcg
ctgttat gaa
ttctaagttt
cctcct agac
aagagtt cat
tgatttagtg
tttgatttgg

A

at cact cact
gaat aggaaa
fgttttitaag
ctgcct t gat
agagaagat ¢
gggaagcagc
ct cct cgaag
gccct gaaca
aat at t ggaa
aat at aat cc

ttcccecctac
aact gaagt ¢
cct act ggag
atacactttt
tt caaaagaa
at at t gagaa
gcct gacagg
at gt caacaa
gt act gacat
t ccact ggca




Cranﬁeld

UNIVE

The Central Dogma as Perl !
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M RNA

Transcription

DNA

$sequence =~tr/ ACGIT/ ACAJ ;
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First position (5'-end)

M RNA

vuu
UuC

phe

ULUA
uuG

cuu
cuc
CUA
cuG

AUU
AUC

AUG

Guuy
GUC
CGUA
GuG

leu

leu

ile

AUA

rmet

wal

Second position

C

ucu
UCcC :
UCA
UCG

ccu
ccc
cca Pr@
cCG

ACU
ACC
ACA thr

ACG

GCU
GCC
cea”
GCG

Initiation

er

la

A G
UAU UGU
ihe e &
UAA Stop UGA Stop
UAG spop UGG trp
CAU ,  CGU
CAC GC
CAA CGA
cac 9" coo
AAU AGU
R i AGe o
AAA" T TAGA
AAG AGG
GAU GGU
aac P Goe
GAA .~ GGA aly
GAG GGG

Termination

Ey 5l 0y G CY R Y BRI ) R D O S

(pua-,£) uopysod paiyL

Cranfield
Protein

Translation uses
the famous...

'genetic code'
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Translation

MRNA — Proteln

%odons = (GCU
ucJ
GAU
GAA
uuuJ
cey)
CAU
AUU
AAA
UUA
AUG
AAU
Ccu
CAA
cau
ucu
ACU
GUU
UGG
UAU
UAA

),

=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>

A, GCC => A GCA => A CCG => A

C, uUcC => C,

D, GAC => D,

E, GAG => E,

F, UUC => F,

G CCLC=>G GCA =G G&G=>G

H, CAC => H,

I, AUC => |, AUA => [,

K, AAG => K,

L, WG =>1L, CQUW=>1, CUC =>1L, CUA =L, CUG => L,
M

N, AAC => N,

P, CCC => P, CCA => P, CCG => P,

Q CAG => Q

R C&C => R CGA => R CGG => R AR => R AGG => R
S, UCC => S, UCA => S UCG=> S, AGQJ => S, ACGC => S,
T, ACC => T, ACA => T, ACG => T,

vV, GUC =>V, GQUA =>V, GG =>V,

W

Y, UAC =>Y,

X, UAG => x, UGA => X,

while ($rna=~s/(...)//){
$protei n = $protei n. $codons{$1};
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This 1s Protein

MITPTL | VTPPSPPAP SYSANRVPQP SLMDKI KKI A
Al ASLI LI GT | GFLALLGHL VGFLI APQ T | VLLALFIIS
LAGNALYLQK TANLHLYQDL QREVGSLKEI NFM_SVLQKE
FLHLSKEFAT TSKDLSAVSQ DFYSCLQGFR DNYKGFESLL
DEYKNSTEEM RKLFSCEI | A LKGSVASLRE El RFLTPLAE
EVRRLAHNQQ SLTVVI EELK Tl RDSLRDElI GQLSQLSKTL
TSQ ALQRKE SSDLCSQ RE TLSSPRKSAS PSTKSS
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This 1s Protein
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This 1s Protein
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Protein has Tevels™ Gf
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Knowing the structure Is

useful

Knowledge of structure can help us

Design diagnostic tests
Design drugs
Understand diseases
Produce Vaccines
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Very difficult to pre T
structure

The chemical bond between each subunit can take
either of two orientations ...

MITPTL | VTPPSPPAP SYSANRVPQP SLMDKI KKI A
Al ASLI LI GT | GFLALLGHL VGFLI APQ T | VLLALFI IS
LAGNALYLQK TANLHLYQDL QREVGSLKEI NFM_SVLQKE
FLHLSKEFAT TSKDLSAVSQ DFYSCLQGFR DNYKGFESLL
DEYKNSTEEM RKLFSCEI | A LKGSVASLRE El RFLTPLAE
EVRRLAHNQD SLTWWI EELK TI RDSLRDEI GQLSQLSKTL
TSQ ALQRKE SSDLCSQ RE TLSSPRKSAS PSTKSS

There are 2272 possible structures for this protein -
only 1 isis the real one.

We don't understand all the
rules!
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Computers are fast - but its still
hard

Cranﬁeld

It's amazing that not only do proteins self- assemble - - fold - -
but they do so amazingly quickly: some as fast as a millionth of a
second. While this time is very fast on a person's timescale, it's
remarkably long for computers to simulate.

In fact, it takes about a day to simulate a nanosecond
(1/1,000,000,000 of a second). Unfortunately, proteins fold on
the tens of microsecond timescale (10,000 nanoseconds). Thus,
it would take 10,000 CPU days to simulate folding - - i.e. it would
take 30 CPU years! That's along time to wait for one result!
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Blue ~<Gene

Specifically designed by IBM to tackle problems
In protein folding & structure optimisation

Reported cost > $100 million

Currently the world’s fastest computer (360

___teraflops)
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G- protein
coupled
receptorsin a
membrane

(GPCRs)

represent more than half the current drug targets and a market of
tens of billions of dollars annually

congestive heart failure, hypertension, stroke, cancer, ulcers,
allergies, asthma, anxiety, psychosis, migraines, Parkinson's

grsease
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Can prediction be simpler?

Can try to predict the 3D final structure -
normally necessary to understand function

Or

Can just try and predict partial structure or
surface from sequence to suggest targets for
Interaction
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Antibodies
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A simpler prediction

Basic methods of secondary structure
prediction rely on statistical applications of
‘propensity’

The propensity/inclination/tendency of protein
subunit to be in a particular structure based
on observation of known datasets
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The Alpha Helix
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Propensity

N[/ n[I]

nisl /
n

P = propensity

| = subunit of interest

Nn[l] = number of subunits [I] in the database

n = total number of subunits in the database

n[l]1'= number of subunits [I] in state of interest i.e. helices

nisl = number of all subunits in the database in the state of
interest.
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Example

124 | 1640

PA] = 0.61
1246 / 10136

S0, the helical propensity for subunit Alanine where:

 the number of alanines in the database is 1640,

e and the total number of subunits in the database is 10136,
e and where the number of alanines found in helices is 124,

e and the total number of subunits found in helices is 1246,

would be 0.61
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Siding windows

Propensity values are often assigned using sliding
window methods

Sequence:
W ndow 1:
W ndow 2:
w ndow 3:

AGTW

Y

K

MC QNP V

AGT WY KM

average applied to W

GT WY KMC

average applied to Y

T WYKMCQ average applied to K

Theory that neighbouring subunits affect local structure
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Example - Hydrophobicity

Hydro - phobic = water - hating

Some subunits do not exist happily in water - often on
the inside of proteins

Some like water - take up positions on the outside of
proteins.

This is also exploited in some structural elements such
as helices

We can use a hydrophobicity propensity scale ...
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Hydrophobicity Hash

Uhydr opat hies = (
A=>1.8 C=>215 D= -3.5, E=> -3.5,

F=>2.8 G=>-0.4, H=> -3.2, | => 4.5,
K=>-3.9 L =38 M==>1.9 N= -3.5
P=>-1.6, Q=>-3.5, R=>-4.5, S =>-0.8,
T=>-0.7, V=>42, W= -0.9, Y=>-1.3
);

Each of the 20 protein subunits is assigned a value
representing its hydrophobicity
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Siding window

@rray = w ndow fy($sequence);

sub wi ndowi fy {

b

@rray = ();
$startgap = int (7 / 2);
$startpoint = 0;
for ($h = $startgap; $h < ($seqlength - $startgap); $h++) {
$startpoint = $h - S$startgap;
$array[ $h] = cal ckds(substr($sequence, $startpoint, $w ndow));
}

return @rray;

sub cal ckds {

$str = shift;
@u ndowsecti on = unpack("Al" x length($str), $str);
foreach $aa (@i ndowsection) {

$val += $hydropat hi es{$aa};

}
$val = ($val / $wi ndow);
$val = int($val *1000)/ 1000;

return $val ;
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Result

for ($i =0; $i < $seglength; $i++) {
if ($array[$i] > 1.8) {
$data_array[$i] = "-";

} else {
$data_array[$i] = "S";
}
}
Sequence MITPTLI VTPPSPPAPSYSANRVPQPSLIMVDKI KKI AAI ASLI LI GTI GFLALLGHLVGFL
surface  SSSS------- SSSSSSSSSSSSSSSSSSSS- S - - - - m s m e e m e a o

Sequence | APQ TI VLLALFI | SLAGNALYLQKTANLHL YQDL QREVGSLKEI NFMLSVL (KEFLHL
surface ---------ccocionaann- SSSS- SSSSSSSSSSSSSSSSS- - - - - - - - - - - S- SSSS

Sequence SKEFATTSKDLSAVSQDFYSCLQGFRDNYKGFESLLDEYKNSTEEMRKLFSCEI | ALKGS
surface - - SSSSSSSSSSS- - S- - SS- - SSSSSSSSSSSSSSSSSSSSSSSSSSSSS- - - - - - - - -

Sequence VASLREElI RFLTPLAEEVRRLAHNQQSLTWVI EELKTI RDSLRDElI GQLSQLSKTLTSAQ
surface - SS- SSSSS- - - S- SSSSSSSSSSSSS- - - - - - - - SSSSSSSSSSSSSSSSS- SS- S- - -

Sequence ALQRKESSDLCSQ RETLSSPRKSASPSTKSS
surface SSSSSSSSSSSSS- SSSSSSSSSSSSSSSSSS
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My Research

Taken several propensity- style methods and
applied them together

Tailored analysis specifically for identifying
target regions to bind antibodies

Appear to be able to predict suitable regions
>90% of the time
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What now?

Analysed all 27,960 known human protein
sequences - took 33 minutes (2Ghz MacBook)

Also several important bacterial species

Made a web- based tool and database for all
this information.
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AntigenFinder & =

the protein antigenicity repository

'_-'T__ -

Database Search
Search for proteins and sequences

This farm can be usad to search the dalabase af pratein saquances and the determinad available binding
regions. You can search eithar by name, genbank aceassion ar shorl sequenca. This is not a BLAST - it is
ltaral sequanca.

Entar a search tarm:

I
Database | Human I.-,-]"

Mama E Sequeanca E

¢ Feset % ¢ Submi %

o -
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Database Record
Record for sequence: 15604838

Sequence Mame
Inclusion Mambrana Prolein A

Spacies
Chiampdia frachomalis DAUMSSACY

Genbank |dentifiar 156804838 ta link ta the ganbank recard click -= harm
Genbank Accession MP_218622.1

Sequence Length: 273

Sequence

HI TP ILIVIPESPPARSY SANRVE P SLMDE IKKEI AR TASLILIGT IGFLALLGHLVGEFL
I ITIVLLALF I I SLAGHAL Y LK TANLHL Y QDLOREVESLEE INFHLSVLOKEFLHL
SEEFATTSEDLSAVSDEFY SCLOGFRDN Y EGFESLLDEYENSTEEMRELFSQOEI IADLEG
SVASLEEEIRFLTPLAEEVRERLAHN S LTV IEELETIRDSLEDE IFJLSQLEKTLTSD
IALQREESSDLOCSQIRETLESSPRESASPSTHS S

Below are the suitable antigens for this protein.

Saquanca Hydrophobics Charged Salubility

CSOIRETLSSPRKSA 3 4 2 blast
DECSOIRETESSPRE 4 5 1 blasi
ESSDECSOQIRETESS 3 4 -2 blast
KESSDLECSQIRETLES 3 5 -1 blast
OKTANLCHLY¥JDLORE 4 5 1 blasi
RETLESSPRKSASPST 3 4 ? blasi
SOIRETLSSPRKSAS 3 4 2 blasi




