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Selenoproteins:

« contain selenium, incorporated as selenocysteine at the active site

« greatly enhanced enzymatic activities compared to the cysteine
homologues

. important to human health: . thyroid hormone metabolism
. immune function

. protection against cancer
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Selenocysteine: (= 21t amino acid)
« encoded by the STOP-codon UGA

« inserted, if:

. UGA is followed by a SECIS-element
(hairpin-like structure + specific sequence)
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4. Results and Summary

Selenocysteine: (= 21t amino acid)
« encoded by the STOP-codon UGA

« inserted, if:

. UGA is followed by a SECIS-element elongation factor
(hairpin-like structure + specific sequence)

. special elongation factor SelB
available
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Tasks:

1. Replacement of an amino acid (e.g. cysteine) by selenocysteine

= a simple codon substitution is not enough

~—UUAUGGUGAAUCUAGA™——~ ~——UUAUGGUG ‘

@

2. Expression of eukaryotic selenoproteins in E.coli
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Protein expression system: E.coli

Eukaryotes: SECIS-element outside the coding sequence
E.coli (bacteria): SECIS-element immediately downstream the UGA-Codon

— located inside the coding region of the protein

mammalian selenoprotein in
E.coli

selenoprotein

/SECIS
in UTR @

GA

-

"mRNA
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4. Results and Summary

Protein expression system: E.coli

Eukaryotes: SECIS-element outside the coding sequence
E.coli (bacteria): SECIS-element immediately downstream the UGA-Codon

— located inside the coding region of the protein

mammalian selenoprotein in
E.coli

selenoprotein
o /SECIS
UGA:

4 )

» eukaryotic selenoproteins can’t be expressed directly in E.coli

Consequence:

» design of a SECIS-element next to the UGA-position

« this design may change the sequence of the protein

N J
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SECIS-element-design: (sometimes without a change in the amino acid sequence...)

exist. protein —<_>---+/_/~C )—{_ }—--
protein (-~ L /= —(J—=-- T
new protein  — }---{ J—C >—(}—--

T
—~ o
=

-—G-CA
S
A

~
~
-~
-~

mRNA —UGA—’ o
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..and sometimes wobble mutations are NOT enough!

exist. protein —<_ > - - - E—O_D_Q_ .
protein _O S -D_ O_C]_O_ o 3 similar

new protein  —(_}--- D_?_C]_Q_ .

A

|
27 8 “
< _}‘ | '
7% —9
1 (:!.3 J|>
i | >
1 1 : O
) . ! |
/ 1 ] 1
mRNA —U-G-A—"7 ’ I
4 1
mRNA —U-G-A—-"
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...and sometimes wobble mutations are NOT enough!

exist. protein —<_ > - - - -E—Q_C]_O_ .
proteln _O S -D_ Q_C]_O_ o a similar

T new protein  —(_}--- D_CT)_C]_O_ .
T :

:f

99 .
O O
228 g
>
T3 —9
0 %
, : 0
i : . I
mRNA  —U-GA—"
mRNA  —U-GA-"’
Problem: a ™\
compromise between
» quality of the SECIS-element and
» changes in the protein sequence
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» Given: G= % ... typical SECIS secondary structure
S=85..S, ... nucleotide sequence (SECIS-consensus)

A=A:;..A, ... original amino acid sequence

S = SS9 ... B-2FJ/-1B - Br—2Sn-11
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» Given: G= % ... typical SECIS secondary structure
S=85..S, ... nucleotide sequence (SECIS-consensus)

A=A:;..A, ... original amino acid sequence

« Wanted: N =Ni...N3, ... mMRNA sequence that

. can adopt G = .&

Ny Ny,
A — A A| Ny N,,
1 000 000 An Ny Ny

N~ Ny,
N~ Nas
Nis~ Nas
14
Nig~ Ny

15 Nog

Nj; N
Ny~ Nao
Ng_ N31

Ng N3z
N;= N33
Ng— Ngy

5~ Njs
N4_ N36
N3_ N37

S = SS9 ... B-2FJ/-1B - Br—2Sn-11 Rm

UGA  NjgNgNa Ny
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e Given: G=

A=

typical SECIS secondary structure

S=85..S, ... nucleotide sequence (SECIS-consensus)
A1...A, ... original amino acid sequence
Ni...N3y ...  mMRNA sequence that

e« Wanted: N =

. can adopt G = .&

- has maximum similarity with S

S = 933

Ny Ny,
Ai A Ny N,,
ot Nig= Nos

N~ N
N Nos
Nis~ Nog
14
Nig~ Ny
15 Nog
N11 Nzg
AL o\ Mg~ Nao
~ ~ ~ ~ No= Na
... N3ji—2Nzi_1Nszj ... N3n_2N3n_1N3zp N
me_ mu
5~ N3s
~J ~Y ~J ~J ~J s N4= Ngs
N3s— Ng;

o B-2S8-18i -+ B-2S-1n e

UGA  NjgNgNa Ny

SECISDesign - A Method to Design New and

Recombinant Selenoproteins Bled

- February 2006
Anke Busch



1. Biological Introduction
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E 3. The Algorithm (SECISDesign)

I 4. Results and Summary
« Given: G= ... typical SECIS secondary structure
S=85..S, ... nucleotide sequence (SECIS-consensus)
A=A:;..A, ... original amino acid sequence
« Wanted: N =Ni...N3, ... mMRNA sequence that

. can adopt G = .&

- has maximum similarity with S
. encodes amino acid sequence A with maximal similarity to A

Ny Ny,
A — A A| Ny N,,
1 000 000 An Ny Ny

N~ N,
Nie_ Nas
~J ~J ~J N5~ Nag
14

Ny Ny7

! / / / N~ N
AN= A .. A A,

A\ -\ Nig” Nao

~ ~ ~ ~ No= Na
N = NiN2N3 ... N3j_2Ngi_1Ng; ... N3n_2N3n-1N3p, M- N
~ Y Y ~Y ~ ~Y ~Y Y [ H:: Hz:
Ny= N6
N3— N3,

S = SS9 ... J-2FJ/-1B - Br—2SBn-11 Rm

UGA  NjgNgNa Ny
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Possible Problem: contrary conditions at nucleotide and amino acid level

A — essential amino acid
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Possible Problem: contrary conditions at nucleotide and amino acid level

A — essential amino acid

— @ >
—@ Y CH
—C Y o)

Si_2S3-1i | — essential SECIS-sequence

= insertions/deletions & optional bonds
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(1) Insertions and deletions (amino acids)
- single amino acids are allowed to be deleted or inserted

. mapping between A and A’ changes

A Aq — Ao
A AN A,
N : NiNoNg NaNsNg N7NgNg
S: SSS SSS SSS
S Y= Y=
SECpos 1 2 3

- insertion of A,
- A, has no counterpart in A
- insertion penalty I P
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(1) Insertions and deletions (amino acids)
- single amino acids are allowed to be deleted or inserted

. mapping between A and A’ changes

A: A1 - Ao A: A1 Ao A3 A4
A Al A, Ay A Al — A, Ay
- S ™~ 7~ = ™~ 7~ S ™~ /—/\ﬁ s % ™~ 7~ S ™~
N : N1N>N3 N4N5N6 N7NgNg N : NiNoN3 — — — N4N5N6 N7NgNg
S: A3 USF IS S: A3 ——— SSF IS
S Y= Y= > ~~ e
SECpos 1 2 3 SECpos 1 2 3
- insertion of A, - deletion of Ay
- A, has no counterpart in A - compare NgNsNg with Az
- insertion penalty I P - deletion penalty DP
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(2) Kinds of bonds in the SECIS-Element (MRNA)

GU
G C

. bond ... mandatory bond é:g

G/IC=CI/G

- optional bond ... hot necessary but of advantage, A=A

. G/IC=C/G
if formed NG/C —C/(IB\I

. prohibited bond ... a bond that is not allowed N =N
N N
- unfavorable bond ... not necessary but of advantage, NN
N =N
if NOT formed N =N
N =N
N
N =N
UGA NNNN
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protein sequence

~Q# O

+ position of Sec

protein sequence
constraints

SECISDesign

SECIS-sequence
constraints
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protein sequence

~Q#Q—

+ position of Sec o similarity functions f;(L;j,a;,t;),

where L; ... codon corresponding to Nzj_»Ngj_1Ng;

E(r)?]tgpaﬁﬁg Henee t. € {—1 (deletion), O (subst.), +-1 (insertion) }
8 = Y1t
SECISDesign including: - similarity at nucleotide level

- similarity at amino acid level

SECIS-sequence
constraints
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Two Steps:

1. Dynamic Programming: (&) divides the problem in subproblems
(b) solves subproblems and stores results

(c) combines the sub-solutions

 finds an optimal RNA sequence conc. similarity (nucleotide + amino acid)
that can fold ilgto the SECIS-structure

(maximizes Z fi(Li,a,t))
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1. Biological Introduction
2. The Computational Problem
3. The Algorithm (SECISDesign)

4. Results and Summary

Two Steps:

1. Dynamic Programming: (@) divides the problem in subproblems
(b) solves subproblems and stores results

(c) combines the sub-solutions

 finds an optimal RNA sequence conc. similarity (nucleotide + amino acid)
that can fold iﬂto the SECIS-structure

(maximizes Z fi(Li,a,t))

2. Local Search:

« further improve the designed sequence to increase the folding probability
(inverse RNA folding)
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Central Function: Li .. assignment of the i-th codon
| #insertions - #deletions left
S #insertions - #deletions inside interval

V\I'j(Li,Lj,m,l,S)

K- Li...L; satisfy SECIS-graph,
_ max Z ol + 3 tgte )|
LivgLj1 i<k g=1 Mreal. opt. bonds at L;...L

t(s)
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1. Biological Introduction

2. The Computational Problem

3. The Algorithm (SECISDesign)
4. Results and Summary

Central Function: Li .. assignment of the i-th codon
| #insertions - #deletions left
S #insertions - #deletions inside interval

V\I'j(Li,Lj,m,l,S)

K- Li...L; satisfy SECIS-graph,
LivgLj1 i<k g=1 Mreal. opt. bonds at L;...L
t(s)
Value of Interest: max {W(Lq,Ln,m1,8)+ f1(Lg,1,1)}

I—17Ln9m
<1|s<n-1

=- solved by dynamic programming
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@:urrence Theorem: W=+k(|—i,|—i+k, m,|,s) = \

( —00 if Lj and Ly contradict the
SECIS-constraints
j rrll_ax (Wip(Li,Lp,m]_,I,Sl)—I—Wpi_|_k(|_p,|_i_|_k,m2,| +81752)>
splits (mlf)mz) of m
splits (s1,S,) of s
\\ otherwise /
where pe{i+1,..,j—1} .. farthest codon having a bond with the

i-th codon, if there is none, p=i+1
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. GU
@:urrence Theorem: wi,, (Lj,Lijk,ml,s) = \ G C

U

( —00 if Lj and Ly contradict the G

SECIS-constraints
j rrll_ax (Wip(Li,Lp,m]_,I,Sl)—I—Wpi_|_k(|_p,|_i_|_k,m2,| +81752)>
splits (mlf)mz) of m
splits (s1,S,) of s
\\ otherwise /
where pe{i+1,..,j—1} .. farthest codon having a bond with the

i-th codon, if there is none, p=i+1

Bled - February 2006

SECISDesign - A Method to Design New and Recombinant Selenoproteins
Anke Busch




1. Biological Introduction

2. The Computational Problem
3. The Algorithm (SECISDesign)

4. Results and Summary

@:urrence Theorem: W=+k(|—i,|—i+k, m,|,s) = \

/

\_

max
Lp
splits (Mg, my) of m
splits (s1,S,) of s

if Lj and Ly contradict the
SECIS-constraints

(Wip(l_i , Lp, mq, I ,Sl) +Wpi—|—k(|—p7 Li+k7 my, | + 31, SZ))

otherwise

/

where pe{i+1,..,j—1} .. farthest codon having a bond with the

i-th codon, if there is none, p=i+1

GU
G C
A-U
C-G
GIC
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. GU
@:urrence Theorem: wi,, (Lj,Lijk,ml,s) = \ G C

A-U

f TN : i C-G
—00 if Lj and Ly contradict the A
SECIS-constraints AU
CIG

j rr:ax (Wip(Li,Lp,m]_,I,Sl)—I—Wpi_|_k(|_p,|_i_|_k,m2,| +S].752)>
splits (mlf)mz) of m
splits (s1,S,) of s
\\ otherwise /
where pe{i+1,..,j—1} .. farthest codon having a bond with the

i-th codon, if there is none, p=i+1
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. GU
@:urrence Theorem: wi,, (Lj,Lijk,ml,s) = \ G C

A-U

f TN : i C-G
—00 if Lj and Lk contradict the v
SECIS-constraints UU’A —AU
GIC —CIG

j rr:ax (Wip(Li,Lp,m]_,I,Sl)—I—Wpi_|_k(|_p,|_i_|_k,m2,| +S].752)>
splits (mlf)mz) of m
splits (s1,S,) of s
\\ otherwise /
where pe{i+1,..,j—1} .. farthest codon having a bond with the

i-th codon, if there is none, p=i+1
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1. Biological Introduction
B 2. The Computational Problem

E 3. The Algorithm (SECISDesign)

I 4. Results and Summary
i GU
Recurrence Theorem: w;,, (Li,Lijk,m1,s) = G C
A-U
( —00 if Lj and L,k contradict the C-G
! T G/IC— CIG
SECIS-constraints UU/A B
G/IC —CIG
CIG
' N
< max (Wlp(Li,Lp,m]_,I,Sl)—|‘Wpi_|_k(|_p,|_i_|_k,m2,| +S].752)> N
Lp
splits (mg,my) of m
splits (s1,S,) of s
\\ otherwise /
where pe{i+1,..,j—1} .. farthest codon having a bond with the
i-th codon, if there is none, p=i+1
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B 2. The Computational Problem

E 3. The Algorithm (SECISDesign)

I 4. Results and Summary
i GU
Recurrence Theorem: w;,, (Li,Lijk,m1,s) = G C
A-U
f T . : C-G
—00 if Lj and Lk contradict the v
SECIS-constraints UU’A —as
G/IC —CIG
G/IC —CIG
' N N
< max (Wlp(Li,Lp,m]_,I,Sl)—|‘Wpi_|_k(|_p,|_i_|_k,m2,| +51732)> N = N
Lp
splits (mg,my) of m
splits (s1,S,) of s
\\ otherwise /
where pe{i+1,..,j—1} .. farthest codon having a bond with the
i-th codon, if there is none, p=i+1
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I 4. Results and Summary
i GU
Recurrence Theorem: w;,, (Li,Lijk,m1,s) = G C
A-U
f TEN . : C-G
—00 if Lj and Lk contradict the i
SECIS-constraints UU’A AU
G/IC —-CIG
G/IC —CIG
i N N
< max (Wlp(Li,Lp,m]_,I,Sl)—|‘Wpi_|_k(|_p,|_i_|_k,m2,| +51732)> N =N
b N
splits (mg,my) of m N
splits (s1,s) of s N
\\ otherwise /
where pe{i+1,..,j—1} .. farthest codon having a bond with the
i-th codon, if there is none, p=i+1
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. GU
Kecurrence Theorem: wi,, (Lj,Lijk,ml,s) = \ G C

A-U
f T . : C-G
—00 if Lj and Ly contradict the e
SECIS-constraints UU’A —E
G/IC —CIG
G/IC —CIG
' N N
< max (Wlp(Li,Lp,m]_,I,Sl)—|—Wpi_|_k(|_p,|_i_|_k,m2,| +51732)> N =N
b N =N
splits (mg,my) of m N N
splits (s1,S,) of s N =N
\\ otherwise /
where pe{i+1,..,j—1} .. farthest codon having a bond with the
i-th codon, if there is none, p=i+1
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B 2. The Computational Problem D
E 3. The Algorithm (SECISDesign) y Jﬁ‘;‘"

I 4. Results and Summary

. GU
Kecurrence Theorem: wi,, (Lj,Lijk,ml,s) = \ G C

A-U
f T . : C-G
—00 if Lj and Ly contradict the e
SECIS-constraints UU’A —He

G/IC —-CIG

G/IC —CIG

' N N
< max (Wlp(Li,Lp,m]_,I,Sl)—|—Wpi_|_k(|_p,|_i_|_k,m2,| +51732)> N =N
b N =N

splits (mg,my) of m N N
splits (s1,S,) of s N =N
: N
\ otherwise N
\_ N

where pe{i+1,..,j—1} .. farthest codon having a bond with the
i-th codon, if there is none, p=i+1
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B 2. The Computational Problem

E 3. The Algorithm (SECISDesign)

I 4. Results and Summary
i GU
Recurrence Theorem: w;,, (Li,Lijk,m1,s) = G C
A-U
f TEN . : C-G
—00 if Lj and Ly contradict the e
SECIS-constraints UU’A ek
GIC —-CIG
G/IC —C/IG
' N N
j max (Wlp(l—ial-pamlvlasl)+Wpi+k(|—p7|—i—|—k7m27| +51732)> N =
b N =N
splits (mg,my) of m N N
splits (s1,S,) of s N =N
- N =N
\ otherwise N =N
\ / N — N
where pe{i+1,..,j—1} .. farthest codon having a bond with the
i-th codon, if there is none, p=i+1
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1. Biological Introduction
B 2. The Computational Problem

E 3. The Algorithm (SECISDesign)

I 4. Results and Summary
i GU
Recurrence Theorem: w;,, (Li,Lijk,m1,s) = G C
A-U
f THN . - C-G
—00 if Lj and Ly contradict the e
SECIS-constraints UU’A —RE
GI/C —CIG
GI/C —CIG
i N N
< max (Wlp(Li,Lp,m]_,I,Sl)—|—Wpi_|_k(|_p,|_i_|_k,m2,| +51732)> N = N
b N =N
splits (mg,my) of m N N
splits (s1,S,) of s N =N
: N =N
\ otherwise N =N
\ / N = N
N
N
where pe{i+1,..,j—1} .. farthest codon having a bond with the N
i-th codon, if there is none, p=i+1
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1. Biological Introduction

B 2. The Computational Problem
E 3. The Algorithm (SECISDesign) Dyn
I 4. Results and Summary “f‘

. GU
Kecurrence Theorem: wi,, (Lj,Lijk,ml,s) = \ G C

A-U
f T . : C-G
—00 if Lj and Ly contradict the v
SECIS-constraints UU’A —t
G/IC —-C/IG
G/IC —CIG
< max (Wlp(l—ial—pamlvlasl)+Wpi+k(|—p7|—i—|—k7rnZv| +51732)> NN - NN
b N =N
splits (mg,my) of m N N
splits (s1,S,) of s N =N
- N =N
\ otherwise N =N
\ / N = N
N =N
N
N =N
where pe{i+1,..,j—1} .. farthest codon having a bond with the N
i-th codon, if there is none, p=i+1
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1. Biological Introduction

B 2. The Computational Problem
E 3. The Algorithm (SECISDesign) Dyn
I 4. Results and Summary “f‘

. GU
Recurrence Theorem:  w;, (Li,Lijk,m1,s) = G C

A-U
f T . : C-G
—00 if Lj and Ly contradict the e
SECIS-constraints UU’A —He
G/IC —-C/IG
G/IC—CIG
< max (Wlp(l—ial—pamlvlasl)+Wpi+k(Lp7Li—|—k7rnZ?| +51732)> NN - NN
L
splits (mlf)mz) of m NN NN
splits (s1,S,) of s N =N
- N =N
\ otherwise N =N
\ / N =N
N =N
N
N =N
where pe{i+1,..,j—1} .. farthest codon having a bond with the UGA NNN
i-th codon, if there is none, p=i+1 N
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After Step I:

Found a sequence that « can fold into the SECIS-structure
« has maximal similarity to the SECIS-sequence

» encodes an amino acid sequence having
maximal similarity to the original protein
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After Step I:

Found a sequence that » can fold into the SECIS-structure
« has maximal similarity to the SECIS-sequence

e encodes an amino acid sequence having
maximal similarity to the original protein

U

Step II: (Local Search)

Local mutations to increase the folding probability (+ keep minimal similarities)

Methods: « adaptive walk (as used in RNAinverse of the Vienna RNA Package)
o full local search

o Stochastic local search
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Alternatives of a SECIS-element in E.coli: (FdhF)

A) Standard

B) Add. Codon

C) Without First Codon

GU

G C

A-U
C-G
G/C— CIG
U/A — AU
U
G/C —CIG
G/C —CIG
N N
N =N
N =N
N N
N =N
N =N
N =N

UGA NNNN

from Liu et al., NAR 1998

UGA NNN

GU
G C
A-U
C-G
G/C— CIG
U/A — AIU
U
G/C —CIG
GI/C —CIG
N N
N =N
N =N
N N
N =N
N =N
N =N
N =N
N =N
N
N =N

NNNN

GU
G C
A-U
C-G
G/C—CIG
U/A — AU

U
GIC —CIG
GIC —CIG

N N
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Methionine Sulfoxide Reductase B (MSrB): (iso analyzed in Bar-Noy et al., 2002)

Amino Acid Sequences  Sim.

(starting after pos. of Sec)BLosume2)  MRNA-Sequences and -Structures Prob.
mouse MsrB | FSSSLKFVPKGKE
MsrB_BaNo | FSTVAGLHPKGKE 35 AUAUUUAGCACGGUUGCAGGUCUGCACCCUAAAGGCAAAGAA
........... CCCCCC o)) e 0.01
mouse MsrB | FSSSLKFVPKGKE
MsrB_1A | FSSLPGE_VPKGKE 43 AUUUUCUCUUCGCUACCAGGUCUGGUGCCAAAAGGAAAAGAA
CCCCCE- e CeCt-MMM ) - 0.19
MsrB_2A | FSSLPGLVPQGAE 33 AUCUUCUCGUCGCUACCAGGUCUGGUGCCACAAGGAGCCGAA
OO M) e 0.75
mouse MsrB | FSSSLK- FVPKGKE
MsrB_1B | FSSSLPG_VPKGKE 57+IP  AuAuLUUCCUCUUCGCUACCAGGUCUGGUGCCAAAAGGAAAAGAA
N (e D D D I DD DD D 0.08
MsrB_2B | VSSSLPGELVPQGAE 40+1P  AUAGUCUCCUCGUCGCUACCAGGUCUGGUGCCACAAGGAGCAGAA
GO I - 0.62
mouse MsrB | FSSSLKFVPKGKE
MsrB_1C | FSLP- GLVPKGKE 41+DP AUCUUUUCGCUACCAGGUCUGGUGCCAAAAGGUAAAGAA
CCCCCC MMM e 0.64
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protein sequence

~ QO FQ—

+ position of Sec

protein sequence
constraints

SECISDesign

SECIS—-sequence
constraints
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protein sequence

~~ Qo #0-—

+ position of Sec

SECIS
protein sequence Loigdhsgggg_
constraints

. satisfies ’
SECISDesign MRNA sequencethat [ constraints

encodes a similar
protein

W

SECIS-sequence
constraints
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) SECiISDesign - Mozllia Firefox
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SECISDesign

A Server to Design SECIS-Elements within the Coding Sequence

SECISDesign is a server for the design of SECIS-elements within the coding sequence of an mRNA with both structure and sequence constraints. Furthermore, a certain similarity to the original protein is
kept. It can be used e.g. for recombinant expression of selenoproteins in E.coli. SECISDesign allows you to tune your individual parameter set. Here, you can get an example and a description of the

settings and the resuits.

*These fields must be filled in.

I

Amino Acid Sequence*: Help/Example

SECIS Design:
FdhF-std FdhF-std FdhF-insert FdhF-insert FdhF-delete FdhF-delete
{optional) (optional) {optional)
&U au au au : 5
c a ¢ [ A i
A-U A-U A-U A-U A= A—U
c-a c-a c-a c-a b Sl
Position of Selenocysteine:* l— g e oW i g o
Help/Example Lc‘;ic—cre Lé;rc:—cae Urxc —ala uec—cae [ 4 ]
= £ = 2l ac—aa o —aa
% NN ] N e o
N =N N =N N =N N=N NN N=N
Mo=N N =N N =N N=N NEN I
- : = L A e Moo L NN NN
Amino Acid Conditions: Help/Example NN N Wi M=y N=N H=N
(conserved pos.) H=N H=N N=H M= N=N H-H
P M=N N=N N =N N=N it gt
M= M= No=HN M= UG“N'H UG“N'H
M "y My My oy N N
USA  NNMHMM  UGA NNMN  UGAHHH NNNN  UGAHMHH  HHNN NNNN NNNH
SECIS-Element: Help |FdnhF-std(optional) -]
Define your own RNA-Element:
Structure: |
Help/Example
Nucleotides: I
Help/Example
Similarity BLOSUM62 ~| EII
3 R P |
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Thank you for your attention.

Further reading:

Busch,A., S. Will, R. Backofen (2005). SECISDesign - A Server to Design SECIS-Elements within
the Coding Sequence. Bioinformatics, 21(15), 3312-3.

Backofen, R. and Busch, A. (2004). Computational Design of New and Recombinant

Selenoproteins. Proc. of the 15th Annual Symposium on Combinatorial Pattern Matching (CPM2004).
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