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B3 Generation of a Random Amino Acid Sequence with a

Specified Amino Acid Composition

To relate high level mistranslation during amino acid
starvation to éhe error frequency during normal protein
synthesis, it was necessary to determine the relationship
between step time at the relevant codon and the protein
synthetic rate (Section 3.2). This relationship varies from
one protein to another depending on its amino acid sequence
and therefore to determine if actin was representative of
overall protein, I analyzed several hypothetical sequences in

addition to the actin mRNA sequence.

The position of histidine or asparagine residues were of

most interest. In some cases, a table .of random numbers
(Selby, 1967) was used to determine these positions.
However, for general analysis of protein synthesis under

various conditions, it is useful to have a complete, random
amino acid sequence for a protein of length M residues with a
specified amino acid composition. The program shown in
figure ©6-2a was written for this purpose. M integers are
sequentially selected at random on the interval [J,M}. If

the 1integer has been previously chosen, the closest unchosen

integer, alternately above or below the selected integer, is
found. The 1interval [1,”] is subdivided according to the
frequencies F(i), i= 1,2,3,...,20, and the amino acid to

which the 1integer corresponds is appended to the sequence.
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Figure 6-2

amino acid sequence with a specified composition.
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6.4 Computer Simulation. of Protein Synthesis During Amino

Acid Starvation

The program shown in figure 6-3a was written to
theoretically analyze the kinetics of ribosome movement on
mRNA during amino acid starvation. The prime purpose of the
simulations was to relate protein synthetic rate to the
increased step time of ribosomes at codons corresponding to
the starved amino acid. The logic flow of the program is
described in section 3.2 and further illustrated by the
documentation associated with the program (comment (C)

statements).

The UNTIL construct "UNTIL(NM.EQ.O)...END UNTIL" reads
data cards specifying the mRNA length and position of the
modulator codons. Any number of the translational parameters
can be varied as desired with appropriate "DO" constructs.
For each input mRNA, the simulations are generated for all
specified variations 1in the translational parameters. For
example, in the program illustrated (figure 6-3a), all
parameters are held constant except TP, the mean "defined"
step time of the ribosome at modulator codons (i.e.‘tkdtiﬁ.

The DO construct "DO(TP=50,150,50)...ENDDO" generates
three simulations of protein synthesis as the mean value of
TP takes on values 50,100,150, In each <case TP is a random
variable uniformly distributed about the mean value plus or

minus 20%. At the beginning of each simulation, one ribosome

is initiated at the first codon and iteration continues until
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NR=4 ribosomes have completed synthesis of +the mRNA. The
input mRNA for the simulation shown was actin. The results

of the simulation are shown in figure 6-3b.
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Figure 6-3. Program to simulate protein synthesis.
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Figure 6-3a, continued
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Figure 6-3b
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