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and mRNA from the post-termination complex (PoTC), and splitting of the ribosome of the PoTC. To study the € (a) (b) (c) @ (e) (f) Q 1.01 to AUG, in frame with
mechanism of RRF reaction in vivo, we used E. coli harboring temperature sensitive (ts) RRF and assayed by 5 | ° [ 1l i il iR | 'g_ Leucine. Leucine is
following downstream reading of translationally coupled ORF. At the non-permissive temperature, ribosomes X p Q 0.5+ incorporated into
remain on the termination codon of the junction sequence of coupled ORFs and translate downstream ORF E g _a ° | tide in th
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the termination codon. When upstream ORF was short, translation of the downstream reading was abolished, & - 10 20 30 40 presence of RRF.
suggesting that the ribosomes released by RRF are moving toward the SD sequence of the upstream OREF. 0.5 Time (min.)
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The thermal frame shift at the stop codon was also stopped by the nearby upstream SD sequence. Our data ° SOSOsOSS— ‘
suggest that the ribosome-bound mMRNA may take a secondary structure around the junction sequence. This ° 1 ° ° 1 20 1 20 1 20 1 20 1 2
structure can affect the reading of downstream ORF. For in vitro studies, we used mRNA that incorporated Time (hr.) after PTG addition Val incorporation
different radioactively labeled amino acids based on the frameshift at the junction sequence, UAAUG, of two Figure 3. Ribosomes released from junction sequence by RRF are
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translatlgnally couplled QRFS. In the absence of RRF, the nbosomei staye.d gn the mRNA and tran§lated in attracted by upstream SD sequence. Shorter u-ORF results in no readlng o +RRF
frame with the termination codon UAA. In the presence of RRF, amino acid incorporation occurred in frame of d-ORF and released ribosome rereads u-ORF onl e o -RRF
with the start codon AUG. This suggests that RRF releases the ribosome from UAA and the released Y- © o ) Figure 7. Absence of
ribosome binds to AUG and begins translation. With the use of tethered, unsplittable ribosomes (Ribo-T) in -_% RRF causes ribosome
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Figure 4. Possible secondary structures of various mRNA used in this study.
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downstream-ORF reading. All d-ORF reading is performed by ribosomes from 0IY2100, AUAA 3 (short) 58 (high) N .
the u-ORF. plY2150, AUAA 6 (short) 71 (high) et | Sl
plY2180, UAAUG 16 (long) 8 (low)
pTU2200, UAAUG 0 (short) 38 (high)
plY2200, UAAUG 0 (short) 38 (high) Leu incorporation
No junction sequence UAAUG p:z;zgg’ 32232 ::g z:ong; :II; i:owg 2 5- Figure 9. Complete
u-ORF only < > P y ong ow - +RRF . aggsn .
[0 frame] [+1 frame] [+2 frame] o e Short spatial distance between UAA and SD gives high % expression when RRF is temperature- 2.0 - -RRF ribosome splltt!ng Is not
40 T T 10 T T T T T T N 0o inactivated. Long spatial distance gives low % expression when RRF is inactive. 2 45 necessary for ribosome
0 (©) @) 29D g release by RRF. Leucine
> %% & 10 incorporation still occurs
x 3R § 05 in the presence of RRF
g ® I 10 1 o5 In vitro studies of RRF action 0.0 . . with Ribo-T.
: 2D 50 100
5 é = AUUUAAUACGACUCACUAUAGGGAAUUCAAAAAUUUAAAAGUUAACAGGUAUACAUACU 0.5 Time (min.)
= 8 17 bases T7 promotor SD
AUG UUUACGAUUACUACGAUC UUC UUUACGAUC UUCUUUACG AUUACUACGAUC
0 M F T I T T I F F T I F F T I T T | .
0 ] » 0 ] > o ] > o ] 5 UUC UUU ACG AUU UUC UUU ACG AUU ACU ACG AUC ACU ACG AUC UUC UUU ACG Conclusion
. - FF T I F F T I T T I T T | F F T
Time (hr.) after IPTG addition . . . . ]
In the presence of RRF (0 frame) - - - - - UAA UG CGU CUG CAG GCA UGC AAG CUA A, AGC All data (in vivo and in vitro) support the concept that RRF releases ribosomes from mRNA
Figure 2. Ribosomes are released and rebind to AUG in the presence of M R L Q@ A C K L K S of the PoTC without necessarily splitting the ribosome into subunits.
RRF. When tsRRF is temperature inactivated, ribosomes remain on mRNA In the absence of RRF (+1frame)----  UAA UGC GUC UGC AGG CAU GCAAGC UAA AAA2AGC
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and undergo thermal frameshift. Contact: Akira Kaji, kaji@pennmedicine.upenn.edu; Hideko Kaji, hideko.kaji@Jefferson.edu
Figure 5. mMRNA sequence used for the in vitro study of the role of RRF
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