
This file is released under the
United States Copyright Office
You have our permission to...

- Print as much as you want for personal use
- Share this file with friends and family

You may not...
- Mass produce this game for events 

- Sell this pdf file or the art within this pdf file
- Modify any of the art within this pdf file

Instructions: Print all pages double sided (the pages are 
layed out for you to print in one go). After printing, cut 
the cards along the dash lines. Use a paper trimmer and 
cut directly on the dash line. We reccommend using 
glossy white paper between 150 gsm and 300 gsm.   

By. Zachary Thammavongsy

Link is an amino acid card game that assists students in 
remembering the one-letter symbol of each amino 
acid. Players take turns creating a word by connecting 
amino acids into small polypeptides. Opposing players 
have a limited time to guess the word correctly by de-
termining the amino acid structure of the LINK cards. 
LINK contains 20 common amino acid cards and 2 un-
common amino acid cards.                                                       

L I KN
Leucine
(Leu)

Isoleucine
(IIe)

Asparagine
(Asp)

Lysine
(Lys)



. 

Copyright 2017 d-ORBITAL GAMES

Instructions: Print all pages double sided (the pages are 
layed out for you to print in one go). After printing, cut 
the cards along the dash lines. Use a paper trimmer and 
cut directly on the dash line. We reccommend using 
glossy white paper between 150 gsm and 300 gsm.   



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F R
Arginine

(Arg)

R

R

N
Asparagine

(Asn)

N

N

D
Aspartic Acid

(Asp)

D

D

C
Cysteine

(Cys)

C

C

Q
Glutamine

(Gln)

Q

Q

G
Glycine

(Gly)

G

G

H
Histidine

(His)

H

H

L
 Leucine

 (Ile)

L

L

K
Lysine
(Lys)

K

K



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F R
Arginine

(Arg)

R

R

N
Asparagine

(Asn)

N

N

D
Aspartic Acid

(Asp)

D

D

C
Cysteine

(Cys)

C

C

Q
Glutamine

(Gln)

Q

Q

G
Glycine

(Gly)

G

G

H
Histidine

(His)

H

H

L
 Leucine

 (Ile)

L

L

K
Lysine
(Lys)

K

K



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F R
Arginine

(Arg)

R

R

N
Asparagine

(Asn)

N

N

D
Aspartic Acid

(Asp)

D

D

C
Cysteine

(Cys)

C

C

Q
Glutamine

(Gln)

Q

Q

G
Glycine

(Gly)

G

G

H
Histidine

(His)

H

H

L
 Leucine

 (Ile)

L

L

K
Lysine
(Lys)

K

K



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

FM
Methionine

(Met)

M

M

F
Phenylalanine

(Phe)

F

F

P
Proline
(Pro)

P

P

S
Serine
(Ser)

S

S

T
Threonine
(Thr)

T

T

W
Tryptophan

(Trp)

W

W

Y
Tyrosine
(Tyr)

Y

Y

V
Valine
(Val)

V

V



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

CH
N C C

2

O
H

H2CC
H2

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2CC
H
2

N C C
HC

O
HH

CH3
OH

N C C
CH2

O
HH

OH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2CC
H
2

N C C
HC

O
HH

CH3
OH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2CC
H
2

N C C
HC

O
HH

CH3
OH

N C C
CH2

O
HH

OH

N C C
HC

O
HH

CH3
CH3



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

FM
Methionine

(Met)

M

M

F
Phenylalanine

(Phe)

F

F

P
Proline
(Pro)

P

P

S
Serine
(Ser)

S

S

T
Threonine
(Thr)

T

T

W
Tryptophan

(Trp)

W

W

Y
Tyrosine
(Tyr)

Y

Y

V
Valine
(Val)

V

V



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

CH
N C C

2

O
H

H2CC
H2

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2CC
H
2

N C C
HC

O
HH

CH3
OH

N C C
CH2

O
HH

OH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2CC
H
2

N C C
HC

O
HH

CH3
OH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2CC
H
2

N C C
HC

O
HH

CH3
OH

N C C
CH2

O
HH

OH

N C C
HC

O
HH

CH3
CH3



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

FM
Methionine

(Met)

M

M

F
Phenylalanine

(Phe)

F

F

P
Proline
(Pro)

P

P

S
Serine
(Ser)

S

S

T
Threonine
(Thr)

T

T

W
Tryptophan

(Trp)

W

W

Y
Tyrosine
(Tyr)

Y

Y

V
Valine
(Val)

V

V



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

CH
N C C

2

O
H

H2CC
H2

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2CC
H
2

N C C
HC

O
HH

CH3
OH

N C C
CH2

O
HH

OH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2CC
H
2

N C C
HC

O
HH

CH3
OH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2
O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2
O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3
CH3

N C C
HC

O
HH

CH2
CH3

CH3
N C C

O
HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2CC
H
2

N C C
HC

O
HH

CH3
OH

N C C
CH2

O
HH

OH

N C C
HC

O
HH

CH3
CH3



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

E
Glutamic Acid

(Glu)

E

E

I
Isoleucine

(Ile)

I

I

O
Pyrrolysine

(Pyl)

O

O

U
Selenocysteine

(Sec)

U

U

I
Isoleucine

(Ile)

I

I

A
Alanine

(Ala)

A

A

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

E
Glutamic Acid

(Glu)

E

E

I
Isoleucine

(Ile)

I

I

O
Pyrrolysine

(Pyl)

O

O

U
Selenocysteine

(Sec)

U

U

I
Isoleucine

(Ile)

I

I

A
Alanine

(Ala)

A

A

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
O

HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2C
C
H
2

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH2

O
HH

SeH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
O

HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2C
C
H
2

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH2

O
HH

SeH



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

E
Glutamic Acid

(Glu)

E

E

I
Isoleucine

(Ile)

I

I

O
Pyrrolysine

(Pyl)

O

O

U
Selenocysteine

(Sec)

U

U

I
Isoleucine

(Ile)

I

I

A
Alanine

(Ala)

A

A

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

E
Glutamic Acid

(Glu)

E

E

I
Isoleucine

(Ile)

I

I

O
Pyrrolysine

(Pyl)

O

O

U
Selenocysteine

(Sec)

U

U

I
Isoleucine

(Ile)

I

I

A
Alanine

(Ala)

A

A

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
O

HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2C
C
H
2

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH2

O
HH

SeH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
O

HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2C
C
H
2

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH2

O
HH

SeH



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

E
Glutamic Acid

(Glu)

E

E

I
Isoleucine

(Ile)

I

I

O
Pyrrolysine

(Pyl)

O

O

U
Selenocysteine

(Sec)

U

U

I
Isoleucine

(Ile)

I

I

A
Alanine

(Ala)

A

A

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E



L1X

L1X

N
N

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

N

O

O

N

O

O

O

O

K

C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

E
Glutamic Acid

(Glu)

E

E

I
Isoleucine

(Ile)

I

I

O
Pyrrolysine

(Pyl)

O

O

U
Selenocysteine

(Sec)

U

U

I
Isoleucine

(Ile)

I

I

A
Alanine

(Ala)

A

A

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
O

HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2C
C
H
2

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH2

O
HH

SeH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
O

HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2C
C
H
2

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH2

O
HH

SeH



C
counter

C
counter

O

O

OO

O
Na

C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

I
Isoleucine

(Ile)

I

I

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E

O
Pyrrolysine

(Pyl)

O

O

O
Pyrrolysine

(Pyl)

O

O

O
Pyrrolysine

(Pyl)

O

O

O
Pyrrolysine

(Pyl)

O

O



C
counter

C
counter

O

O

OO

O
Na

A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

I
Isoleucine

(Ile)

I

I

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
CH2

O

HN

HH
N C C

CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH3

O
HH

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

SH

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

HC
CH3

CH3

N C C
HC

O
HH

CH2
CH3

CH3

N C C
O

HH

H
N C C

CH2

O
HH

OH

N C C
CH2

O
HH

CH2
S
CH3

N C C
CH2

O
HH

N C C
CH2

O
H

H2C
C
H
2

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH2

O
HH

SeH

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H



A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

I
Isoleucine

(Ile)

I

I

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E

T
Threonine

(Thr)

U
Selenocysteine

(Sec)

S
Serine
(Ser)

V
Valine
(Val)

M
Methionine

(Met)

E
Glutamic Acid

(Glu)

K
Lysine
(Lys)

A
Alanine

(Ala)

O
Pyrrolysine

(Pyl)

P
Proline

(Pro)

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

CH2
S
CH3

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH3

O
HH

N C C
CH2

O
H

H2C
C
H2

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

SeH

H2N CH C

CH2

O

CH CH3

CH3

CH3

CH2

H3C

O

CH

CCHN N CH C

CH2

O

C

NH2

O

H N2 CH2 CH2

CH2

O

OH

CH2

CCH
H
N

L
I K
N

HH

PROTEINOGENIC
KEY CARD

T
Threonine

(Thr)

U
Selenocysteine

(Sec)

S
Serine
(Ser)

V
Valine
(Val)

M
Methionine

(Met)

E
Glutamic Acid

(Glu)

K
Lysine
(Lys)

A
Alanine

(Ala)

O
Pyrrolysine

(Pyl)

P
Proline

(Pro)

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

CH2
S
CH3

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH3

O
HH

N C C
CH2

O
H

H2C
C
H2

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

SeH

H2N CH C

CH2

O

CH CH3

CH3

CH3

CH2

H3C

O

CH

CCHN N CH C

CH2

O

C

NH2

O

H N2 CH2 CH2

CH2

O

OH

CH2

CCH
H
N

L
I K
N

HH

PROTEINOGENIC
KEY CARD



A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

I
Isoleucine

(Ile)

I

I

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E

T
Threonine

(Thr)

U
Selenocysteine

(Sec)

S
Serine
(Ser)

V
Valine
(Val)

M
Methionine

(Met)

E
Glutamic Acid

(Glu)

K
Lysine
(Lys)

A
Alanine

(Ala)

O
Pyrrolysine

(Pyl)

P
Proline

(Pro)

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

CH2
S
CH3

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH3

O
HH

N C C
CH2

O
H

H2C
C
H2

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

SeH

H2N CH C

CH2

O

CH CH3

CH3

CH3

CH2

H3C

O

CH

CCHN N CH C

CH2

O

C

NH2

O

H N2 CH2 CH2

CH2

O

OH

CH2

CCH
H
N

L
I K
N

HH

PROTEINOGENIC
KEY CARD

T
Threonine

(Thr)

U
Selenocysteine

(Sec)

S
Serine
(Ser)

V
Valine
(Val)

M
Methionine

(Met)

E
Glutamic Acid

(Glu)

K
Lysine
(Lys)

A
Alanine

(Ala)

O
Pyrrolysine

(Pyl)

P
Proline

(Pro)

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

CH2
S
CH3

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH3

O
HH

N C C
CH2

O
H

H2C
C
H2

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

SeH

H2N CH C

CH2

O

CH CH3

CH3

CH3

CH2

H3C

O

CH

CCHN N CH C

CH2

O

C

NH2

O

H N2 CH2 CH2

CH2

O

OH

CH2

CCH
H
N

L
I K
N

HH

PROTEINOGENIC
KEY CARD

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

SH

N C C
HC

O
HH

CH2
CH3

CH3

N C C
CH2

O
HH

HC
CH3

CH3

N C C
O

HH

H

N C C
CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

OH

N C C
CH2

O
HH

L
Leucine

(Leu)

R
Arginine

(Arg)

C
Cysteine

(Cys)

D
Aspartic Acid

(Asp)

N
Asparagine

(Asn)

I
Isoleucine

(IIe)

G
Glycine

(Gly)

F
Phenylalanine

(Phe)

H
Histidine

(His)

Q
Glutamine

(Gln)

Y
Tyrosine

(Tyr)

W
Tryptophan

(Trp)

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

SH

N C C
HC

O
HH

CH2
CH3

CH3

N C C
CH2

O
HH

HC
CH3

CH3

N C C
O

HH

H

N C C
CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

OH

N C C
CH2

O
HH

L
Leucine

(Leu)

R
Arginine

(Arg)

C
Cysteine

(Cys)

D
Aspartic Acid

(Asp)

N
Asparagine

(Asn)

I
Isoleucine

(IIe)

G
Glycine

(Gly)

F
Phenylalanine

(Phe)

H
Histidine

(His)

Q
Glutamine

(Gln)

Y
Tyrosine

(Tyr)

W
Tryptophan

(Trp)



A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

I
Isoleucine

(Ile)

I

I

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E

T
Threonine

(Thr)

U
Selenocysteine

(Sec)

S
Serine
(Ser)

V
Valine
(Val)

M
Methionine

(Met)

E
Glutamic Acid

(Glu)

K
Lysine
(Lys)

A
Alanine

(Ala)

O
Pyrrolysine

(Pyl)

P
Proline

(Pro)

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

CH2
S
CH3

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH3

O
HH

N C C
CH2

O
H

H2C
C
H2

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

SeH

H2N CH C

CH2

O

CH CH3

CH3

CH3

CH2

H3C

O

CH

CCHN N CH C

CH2

O

C

NH2

O

H N2 CH2 CH2

CH2

O

OH

CH2

CCH
H
N

L
I K
N

HH

PROTEINOGENIC
KEY CARD

T
Threonine

(Thr)

U
Selenocysteine

(Sec)

S
Serine
(Ser)

V
Valine
(Val)

M
Methionine

(Met)

E
Glutamic Acid

(Glu)

K
Lysine
(Lys)

A
Alanine

(Ala)

O
Pyrrolysine

(Pyl)

P
Proline

(Pro)

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

CH2
S
CH3

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH3

O
HH

N C C
CH2

O
H

H2C
C
H2

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

SeH

H2N CH C

CH2

O

CH CH3

CH3

CH3

CH2

H3C

O

CH

CCHN N CH C

CH2

O

C

NH2

O

H N2 CH2 CH2

CH2

O

OH

CH2

CCH
H
N

L
I K
N

HH

PROTEINOGENIC
KEY CARD



A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

I
Isoleucine

(Ile)

I

I

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E

T
Threonine

(Thr)

U
Selenocysteine

(Sec)

S
Serine
(Ser)

V
Valine
(Val)

M
Methionine

(Met)

E
Glutamic Acid

(Glu)

K
Lysine
(Lys)

A
Alanine

(Ala)

O
Pyrrolysine

(Pyl)

P
Proline

(Pro)

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

CH2
S
CH3

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH3

O
HH

N C C
CH2

O
H

H2C
C
H2

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

SeH

H2N CH C

CH2

O

CH CH3

CH3

CH3

CH2

H3C

O

CH

CCHN N CH C

CH2

O

C

NH2

O

H N2 CH2 CH2

CH2

O

OH

CH2

CCH
H
N

L
I K
N

HH

PROTEINOGENIC
KEY CARD

T
Threonine

(Thr)

U
Selenocysteine

(Sec)

S
Serine
(Ser)

V
Valine
(Val)

M
Methionine

(Met)

E
Glutamic Acid

(Glu)

K
Lysine
(Lys)

A
Alanine

(Ala)

O
Pyrrolysine

(Pyl)

P
Proline

(Pro)

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

CH2
S
CH3

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH3

O
HH

N C C
CH2

O
H

H2C
C
H2

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

SeH

H2N CH C

CH2

O

CH CH3

CH3

CH3

CH2

H3C

O

CH

CCHN N CH C

CH2

O

C

NH2

O

H N2 CH2 CH2

CH2

O

OH

CH2

CCH
H
N

L
I K
N

HH

PROTEINOGENIC
KEY CARD

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

SH

N C C
HC

O
HH

CH2
CH3

CH3

N C C
CH2

O
HH

HC
CH3

CH3

N C C
O

HH

H

N C C
CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

OH

N C C
CH2

O
HH

L
Leucine

(Leu)

R
Arginine

(Arg)

C
Cysteine

(Cys)

D
Aspartic Acid

(Asp)

N
Asparagine

(Asn)

I
Isoleucine

(IIe)

G
Glycine

(Gly)

F
Phenylalanine

(Phe)

H
Histidine

(His)

Q
Glutamine

(Gln)

Y
Tyrosine

(Tyr)

W
Tryptophan

(Trp)

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

SH

N C C
HC

O
HH

CH2
CH3

CH3

N C C
CH2

O
HH

HC
CH3

CH3

N C C
O

HH

H

N C C
CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

OH

N C C
CH2

O
HH

L
Leucine

(Leu)

R
Arginine

(Arg)

C
Cysteine

(Cys)

D
Aspartic Acid

(Asp)

N
Asparagine

(Asn)

I
Isoleucine

(IIe)

G
Glycine

(Gly)

F
Phenylalanine

(Phe)

H
Histidine

(His)

Q
Glutamine

(Gln)

Y
Tyrosine

(Tyr)

W
Tryptophan

(Trp)



A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

I
Isoleucine

(Ile)

I

I

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E

T
Threonine

(Thr)

U
Selenocysteine

(Sec)

S
Serine
(Ser)

V
Valine
(Val)

M
Methionine

(Met)

E
Glutamic Acid

(Glu)

K
Lysine
(Lys)

A
Alanine

(Ala)

O
Pyrrolysine

(Pyl)

P
Proline

(Pro)

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

CH2
S
CH3

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH3

O
HH

N C C
CH2

O
H

H2C
C
H2

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

SeH

H2N CH C

CH2

O

CH CH3

CH3

CH3

CH2

H3C

O

CH

CCHN N CH C

CH2

O

C

NH2

O

H N2 CH2 CH2

CH2

O

OH

CH2

CCH
H
N

L
I K
N

HH

PROTEINOGENIC
KEY CARD

T
Threonine

(Thr)

U
Selenocysteine

(Sec)

S
Serine
(Ser)

V
Valine
(Val)

M
Methionine

(Met)

E
Glutamic Acid

(Glu)

K
Lysine
(Lys)

A
Alanine

(Ala)

O
Pyrrolysine

(Pyl)

P
Proline

(Pro)

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

CH2
S
CH3

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH3

O
HH

N C C
CH2

O
H

H2C
C
H2

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

SeH

H2N CH C

CH2

O

CH CH3

CH3

CH3

CH2

H3C

O

CH

CCHN N CH C

CH2

O

C

NH2

O

H N2 CH2 CH2

CH2

O

OH

CH2

CCH
H
N

L
I K
N

HH

PROTEINOGENIC
KEY CARD



A
counter

A
counter

F
B

F

F
F

A
counter

A
counter

P
F

F F

F
F

F
A

counter

A
counter

P
F

F F

F
F

F A
Alanine

(Ala)

A

A

I
Isoleucine

(Ile)

I

I

U
Selenocysteine

(Sec)

U

U

E
Glutamic Acid

(Glu)

E

E

T
Threonine

(Thr)

U
Selenocysteine

(Sec)

S
Serine
(Ser)

V
Valine
(Val)

M
Methionine

(Met)

E
Glutamic Acid

(Glu)

K
Lysine
(Lys)

A
Alanine

(Ala)

O
Pyrrolysine

(Pyl)

P
Proline

(Pro)

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

CH2
S
CH3

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH3

O
HH

N C C
CH2

O
H

H2C
C
H2

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

SeH

H2N CH C

CH2

O

CH CH3

CH3

CH3

CH2

H3C

O

CH

CCHN N CH C

CH2

O

C

NH2

O

H N2 CH2 CH2

CH2

O

OH

CH2

CCH
H
N

L
I K
N

HH

PROTEINOGENIC
KEY CARD

T
Threonine

(Thr)

U
Selenocysteine

(Sec)

S
Serine
(Ser)

V
Valine
(Val)

M
Methionine

(Met)

E
Glutamic Acid

(Glu)

K
Lysine
(Lys)

A
Alanine

(Ala)

O
Pyrrolysine

(Pyl)

P
Proline

(Pro)

N C C
CH2

O
HH

CH2
C
OH

O

N C C
CH2

O
HH

CH2
CH2
CH2
NH2

N C C
CH2

O
HH

CH2
S
CH3

N C C
HC

O
HH

CH3

OH
N C C

CH2

O
HH

OH

N C C
HC

O
HH

CH3

CH3

N C C
CH3

O
HH

N C C
CH2

O
H

H2C
C
H2

N C C
CH2

O
HH

C
H2C
H2C NH

C
H3C

O2

N

H

N C C
CH2

O
HH

SeH

H2N CH C

CH2

O

CH CH3

CH3

CH3

CH2

H3C

O

CH

CCHN N CH C

CH2

O

C

NH2

O

H N2 CH2 CH2

CH2

O

OH

CH2

CCH
H
N

L
I K
N

HH

PROTEINOGENIC
KEY CARD

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

SH

N C C
HC

O
HH

CH2
CH3

CH3

N C C
CH2

O
HH

HC
CH3

CH3

N C C
O

HH

H

N C C
CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

OH

N C C
CH2

O
HH

L
Leucine

(Leu)

R
Arginine

(Arg)

C
Cysteine

(Cys)

D
Aspartic Acid

(Asp)

N
Asparagine

(Asn)

I
Isoleucine

(IIe)

G
Glycine

(Gly)

F
Phenylalanine

(Phe)

H
Histidine

(His)

Q
Glutamine

(Gln)

Y
Tyrosine

(Tyr)

W
Tryptophan

(Trp)

N C C
CH2

O
HH

C
NH2

O

N C C
CH2

O
HH

C
OH

O

N C C
CH2

O
HH

SH

N C C
HC

O
HH

CH2
CH3

CH3

N C C
CH2

O
HH

HC
CH3

CH3

N C C
O

HH

H

N C C
CH2

O

HN

HH
N C C

CH2

O
HH

N
NH

N C C
CH2

O
HH

CH2
C
NH2

O

N C C
CH2

O
HH

CH2
H2C NH

C
NH2

NH

N C C
CH2

O
HH

OH

N C C
CH2

O
HH

L
Leucine

(Leu)

R
Arginine

(Arg)

C
Cysteine

(Cys)

D
Aspartic Acid

(Asp)

N
Asparagine

(Asn)

I
Isoleucine

(IIe)

G
Glycine

(Gly)

F
Phenylalanine

(Phe)

H
Histidine

(His)

Q
Glutamine

(Gln)

Y
Tyrosine

(Tyr)

W
Tryptophan

(Trp)


