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Students in any life science course have un-
doubtedly learned about the genetic code 

that is shared by all life on Earth.  The course 
professor probably presented three key rules 
for the translation of  messenger RNA to pro-
teins: mRNA uses codons, groupings of  three 
nucleotides, to code for amino acids; codons 
are read sequentially and do not overlap; and 
one codon encodes for only one amino acid.  
However, recent research has presented an 
exception to our understanding of  the genetic 
code and Central Dogma – showing that even 

Harvard professors can 
need to learn new lessons.  

A research team led by 
Vadim Gladyshev of  the 
University of  Nebraska, 
Lincoln, has found that a 
protozoan from the Eu-
plotes genus defies the 
long-held rule of  “one 
codon, one amino acid.”  
Instead, this protozoan 
has been shown to encode 
for two different amino 
acids, cysteine and sele-
nocysteine, using just one 

codon: UGA.
Translation, the first stage in protein bio-

synthesis, involves the decoding of  messenger 
RNA (mRNA) to form a polypeptide that will 
ultimately become a functional protein in the 
cell.  The mRNA presents genetic informa-
tion in three-letter nucleotide combinations 
called codons, and the standard genetic code 
connects the 64 possible codon sequences to 
particular amino acids or stop signals.  As there 
are only 20 standard amino acids (21 including 
selenocysteine), several codons must represent 
same amino acid, so the code is considered 
degenerate. 

Gladyshev’s work, however, has revealed a 
new degree of  ambiguity in the genetic code.  
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In the ciliate Euplotes crassus, the codon UGA 
dually encodes cysteine and selenocysteine (2).  
Which amino acid is picked to join the growing 
polypeptide depends on two factors: the location 
of  the codon and the structure of  the mRNA’s 
3’ untranslated region (UTR).  

The selenocysteine insertion sequence (SE-
CIS) is a genetic element located in the 3’UTR, 
upstream of  the protein-coding regions of  an 
mRNA (2).  The SECIS causes a physical loop in 
the mRNA to interact with the ribosome, which 
modifies the UGA signal so that selenocysteine, 
rather than the normally coded cysteine, be-
comes incorporated (1).  The presence of  the 
SECIS element at the 3’ end of  the mRNA may 
explain why selenocysteine is limited to the last 
20 codons of  the gene while all preceding UGA 
codons select for cysteine (2).  The interaction 
of  the SECIS with UGA codons may have a 
limited reach, affecting only the codons nearer 
to the element.  

In addition, the physical structure of  the 
3’UTR seems to convey information about the 
amino acid to be selected.  To test this hypoth-
esis, the research team selected an E. crassus 
gene that incorporated both selenocysteine and 
cysteine.  They replaced the gene’s 3’UTR with 
one from another species whose SECIS element 
results in a different RNA structure.  This caused 
selenocysteine be incorporated earlier in the 
sequence, suggesting that the amino acid incor-
poration depends on the RNA structure (2). 

Forms of  codon duality are not a completely 
novel finding, however.  In the standard univer-
sal genetic code, UGA codes for a stop signal, 
although in several species, such as E. crassus, 
the triplet codes for cysteine (2).  Stop codons 
in some organisms have a “dual function,” in 
which the codon competes either with termi-
nation of  translation or with a single amino 
acid.  Additionally, in Candida yeast species, the 
CUG codon signals for both leucine and serine 
in the same gene (4).  Unlike Gladyshev’s find-

Figure 1. Euplotes crassus.  
This protozoan has been 
found to have one codon, 
UGA, encode for two dif-
ferent amino acids: cysteine 
and selenocysteine. 
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re-
ings, though, the duality 
in these examples comes 
from an ambiguity in trans-
fer RNAs (the molecules 
that shuttle amino acids to 
the mRNA).  With E. cras-
sus, two separate tRNAs 
are charged with their spe-
cific amino acids, and the 
ambiguity arises from the 
mRNA sequence. 

Though this dual signal-
ing codon may seem like a 
rare phenomenon, Glady-
shev and his lab speculate that the new function 
is an indication of  an evolutionarily expanded 
genetic code (2).  The duality shown by E. cras-
sus may be the beginning of  a more flexible, 
variable, and informative genetic code—and an 
impetus for change in Harvard professors’ life 
science syllabi. 

Figure 2. The Universal 
Genetic Code.  Historically, 
it was thought that one 
codon signals for one ami-
no acid.  Gladyshev and his 
lab found a protozoan that 
encodes to two amino acids 
using one codon.  The lab 
speculate that the finding 
indicates the possibility of 
an evolutionarily expanded 
genetic code (2).
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