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Summary: Suppression of a UGA nonsense mutation was shown using the Gold and
Schweiger (14,15) Th DNA-dependent system for the synthesis of Tysozyme in vitro.
In extracts of non—permissive cells, suppression was completely dependent on
addition of added SUUGA tRNA from a known UGA suppressor straing Su- tRNA did
not support the suppression. Control backgrounds without Th DNA or Su tRNA
were low and stable, perhaps because any reinitiation or non-specific m%reading
at nonsense codons produced no active lysozyme. Thus, the system is sensitive
enough to detect very low levels of suppression.

If the nonsense codons specified by UAG, UAA or UGA appear within the cistron
for a polypeptide chain, premature termination of that polypeptide chain occurs at
that site (1-5), Suppression of a nonsense mutation can occur when the nonsense
codon is recognized, for example by an Su™ tRNA, which inserts an amino acid and
thereby prevents chain termination (6). Suppression in vitro has been shown with
amber UAG Su® tRNA (7, 8, 9, 10) and UGA Su™ tRNA (11).

Most in vitro studies on suppression have been done with the R17 RNA system
(7, 8, 10, 11). However the lack of an appropriate UAA or UGA mutant in R17 RNA
has in great part 1imited studies to suppression of amber UAG codon. Recently
UGA suppression has been demonstrated with Su;GA tRNA by Model et al (11), but the
background was rather high and the procedure quite complex. Gesteland et al (9)
showed that in yitro suppression can be demonstrated by addition of extracted mRNA
from amber lysozyme mutants of Th into cell-free extracts. This and the efficient

system of T4 DNA-dependent in vitro synthesis developed by Gold and Schweiger

(14, 15) seemed like potentially very sensitive ones with which to assay suppression

of various nonsense mutations in yitro., In this communication, the Golid and

Schweiger system of in vitro T4 DNA-dependent synthesis of lysozyme was used to

detect synthesis directed by DNA from a UGA lysozyme mutant.
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MATERIALS AND METHODS

Th UGA Tysozyme mutant eL4PL] was a gift of Dr. George Streisinger. E. coli
strain CAJ6L4 UGA Su+, from the collection of Dr. S. Brenner, was used as the
suppressing host and as the source of SQGGA tRNA. E. coli strain N463 was used
as a non-suppressing Su~ host. It is a derivative of D10 (RNase I-, met™), with
additional tyr™ and ilv™ markers introduced by nitrosoguanidine mutagenesis; it
was the source of ribosomes and soluble enzymes (S100; prepared according to
reference 14),

Th bacteriophage DNA was prepared by the methods of Thomas and Abelson (12).
SUEGA tRNA was prepared according to Gupta and Khorana {13) with the modification
thatprecipitation with isopropyl alcohol was applied after instead of before DEAE-
cellulose column chromatography., Ribosomes, S100 and conditions for synthesis of
phage specific lysozyme directed by T4 DNA in vitro were essentially the same as
those of Gold and Schweiger (14, 15), as was the assay for lysozyme activity (15).
Only the elution of S100 differed by elution from DEAE-cellulose with 0.3M instead
of 0.25M NHyC1 as reported by Gold and Schweiger.

A1l filters used in the lysozyme assays reported had approximately 35,000 cpm
labelled cells per filter. After L hours of incubation at 37°C, 0.1ml of incubation
mixture (with 1 ug of wild type Th DNA, incubated for 40 minutes at 37°C) released
approximately 15,000 cpm from a fitter, Control backgrounds without any T4 DNA or
under non-permissive conditions showed the non-specific solubilization of 500-700
cts/min in 4 hours.

RESULTS

When eL4P4] Th DNA containing an UGA nonsense mutation in the lysozyme gene
was used to direct in vitro protein synthesis, no lysozyme activity was detected
with or without added Su™ tRNA (Figure 1). On addition of Su®gs tRNA,
lysozyme activity was detectable as measured by the increased solubilization

of 3H—DAPA from cells on filters. Control Incubation mixtures without any
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Figure 1. The In vitro suppression of UGA mutant eL4P4] Th DNA as a
function of Suygat tRNA. Protocol of Incubation mixtures for Th DNA
directed protelin synthesis was essentially the same as those of Gold and
Schwelger. 0.1 ml cell free incubation mixtures were incubated for 40
minutes at 379C, then removed and assayed for lysozyme activity. (See
Methods). (#) 0.1 ml incubatjon mixtures containing 32 ug eL4P4] T4 DNA
and varylng amounts of S“UGA+ tRNA. (0) 0.1 ml Incubatlon mixtures con-
taining 32 pg eL4P4! T4 DNA and varying amounts of Su” tRNA. {(A) 0.1 ml
Incubation mixtures contalning no DNA and varying amounts of Sujga tRNA.

Th DNA, or wlthout s”+UGA tRNA, showed no lysozyme actlvity.

Figure 2 shows that suppression was dependent on DNA. Incubation mixtures
containing 2250 pg/mt of Su+UGA tRNA showed an optimum at 63 pg/ml of T4 DNA
(Figure 2). Absolute requirements for rlbosomes and S100 were also observed.
In all cases, control experiments using 2000 pug/ml of Su” tRNA instead of sut
tRNA showed no lysozyme activity at any level of added DNA.

A magnesium optimum of 14 mM was obtained for the activity of S“+UGA
tRNA, while with Su™ tRNA, lysozyme synthesis remalned relatively low at all
magnes lum concentrations from 3 to 20 mM (Figure 3). Again, the results in-

dicate that the lysozyme actlivity assayed was due to the suppressing capacity

of the Su*;sa tRNA.
D1SCUSS 1 ON
Here, as In many other suppressor strains of E. coll, su* tRNA 1s the
cellular component responsible for nonsense suppression (7,8,9,10,11). However,

this new system can be used relatively more effectively. Its usefulness, in

983



Vol. 41,No. 4, 1970 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

2000

1500,

'?H - DAPA Releosed com/A4hrs)

500

1 | 1 1 1
0 40 80 120

el4P4] DNA (pg/ml}

Figure 2. The In vitro suppression of UGA mutant eL4P4l T4 DNA as a
function of el4PLl Th DNA. Protocol of Incubation mixtures for T4 DNA
directed proteln synthesls as in Figure 1, with 0,1 ml incubation mixtures
assayed for lysozyme activity (see Methods). (@) 0.1 ml Incubation mixtures
containing 225 pg of SUGCA tRNA and varying amounts of eL4Phl T4 DNA.

(0) 0.1 ml incubatlion mixtures containing 200 ug of Su~ tRNA and varying
amounts of eLLPL1 T4 DNA,

contrast to the other systems, Is that there Is no apparent ''leakliness'' in su”
extracts with the lysozyme system. Model et al (11) showed In vitro that op9,

a mutant of RNA phage f2 with an UGA mutation In the polymerase gene, directs

the formation of about 20-30% as much polymerase protein, detected by Its
electrophoretic mobility, as does f2 RNA even In the absence of Sd+ tRNA. The
high "leakiness'' could be explalned as non-specific tRNA reading of UGA, resulting
In a complete polymerase product; but alternate sources of suppression could

not be excluded.
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Figure 3. The In vitro suppression stimulated by UGA mutant eLiPL] Th

DNA as a functlon of magnesium concentration. Protocol of incubation
mixtures far T4 DNA directed protein synthesis as in Figure 1. 0.1 ml
Incubation mixtures were assayed for lysozyme actlvity (see Methods).

Each 0.1 ml Incubatlon mixture contains 6.4 g eLUP4l T4 DNA, either 150 pg
Sufjga tRNA (8) or 100 pug Su™ tRNA (0) with varying concentrations of"
magnes lum.

Several possibilities can explaln the apparent greater fidelity observed

with the lysozyme assay system. Perhaps synthesls with a messenger RNA for an

enzyme can be more reslstant to ''leakiness'' than Is synthesis with R17

RNA. Alternatively, with the lysozyme system, even If non-specific reading
occurs, many non~speci{fic tRNA readings of UGA may give complete but

inactive lysozyme molecules. The true, more specific suppressor tRNA reading
can insert an amino acid that will glve an active lysozyme molecule.

Simllar considerations may apply to the observed requirement for
magnesium. Capecchi has shown (16) that for the Sus 3 amber mutant of R17
RNA, increasing magneslum concentratlons provoke a hugh Increase in ''leaky’
amino acid Incorporation under non-permissive conditions. In contrast, for
lysozyme synthesis In vitro, the magnesium optimum for suppression is 14 mM

(Figure 4), the same as that for lysozyme formation with wild-type DNA
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(14, 15); and with increasing magnesium concentrations, there Is no great
Increase in lysozyme actlvity when Su™ tRNA is supplied to a non-permissive
extract.

This is the first case in which the entlre process of nonsense sup-
pression starting from DNA, has been possible In cell-free extracts. It
may permit further analysls of certain cases in which events at a nonsense

codon Influence both translation and messenger RNA levels (17).
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