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Pre-mRNA 552
Eukaryotic cells synthesize large heterogeneous nuclear RNA
molecules. 552

mRNA and hnRNA both have poly(A) tails at their 3"-ends. 552
Cap Formation 553

mRNA molecules have 7-methylguanosine caps at their
5"-ends. 553

5-m’G caps are attached to nascent pre-mRNA chains when
the chains are 20 to 30 nucleotides long. 556

All eukaryotes use the same basic pathway to form
5"-m’G caps. 556

CTD must be phosphorylated on Ser-5 to target a transcript for
capping. 558

Split Genes 558

Viral studies revealed that some mRNA molecules are formed
by splicing pre-mRNA. 558

Amino acid coding regions within eukaryotic genes may be
interrupted by noncoding regions. 559

Exons tend to be conserved during evolution, whereas introns
usually are not conserved. 564

A single pre-mRNA can be processed to produce two or more
different mRNA molecules. 566

Combinations of the various splicing patterns within individual
genes lead to the formation of multiple mRNAs. 568

Pre-mRNA requires specific sequences for precise splicing
to occur. 569

Two splicing intermediates resemble lariats. 571

Splicing consists of two coordinated transesterification

reactions. 574

Spliceosomes 575

Aberrant antibodies, which are produced by individuals
with certain autoimmune diseases, bind to small nuclear
ribonucleoprotein particles (snRNPs). 575

snRNPs assemble to form a spliceosome, the splicing machine
that excises introns. 577

RNA and protein may both contribute to the spliceosome’s
catalytic site. 577

Cells use a variety of mechanisms to regulate splice site
selection. 579

Splicing begins as a cotranscriptional process and continues as
a posttranscriptional process. 583

mRNA splicing and export are coupled processes. 584

Cleavage/Polyadenylation and Transcription

Termination 584

Poly(A) tail synthesis and transcription termination are
coupled, cotranscriptional processes. 584

Transcription units often have two or more alternate
polyadenylation sites. 587

Transcription termination takes place downstream from the
poly(A) site. 588
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RNA polymerase II transcription termination appears to
involve allosteric changes and a 5'—3’ exonuclease. 589

RNA Editing 591

RNA editing permits a cell to recode genetic information. 591

The Gene Reconsidered 592

The human proteome contains a much greater variety of
proteins than would be predicted from the human
genome. 592

Cotranscriptional and posttranscriptional processes force us to
reconsider our concept of the gene. 592

BOX 14.1. LOOKING DEEPER: Self-Splicing RNA 580
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RNA Interference (RNAI) Triggered by Exogenous

Double-Stranded RNA 601

The roundworm Caenorbabditis elegans is an attractive
organism for molecular biology studies. 601

RNAIi was discovered in C. elegans. 602

In vitro studies helped to elucidate the RNAi pathway. 605

Dicer cleaves long double-stranded RNA into fragments of
discrete size. 607

RISC loading complex is required for siRISC formation. 609

RNAI blocks virus replication and prevents transposon
activation. 609

Transitive RNAi 610

In some organisms, RNAI that starts at one site spreads
throughout the entire organism. 610

SID-1, an integral membrane protein in C. elegans, assists in the
systemic spreading of the silencing signal. 612

ERI-1, a 3'>35" exonuclease in C. elegans, appears to be a

negative regulator of RNAi. 612
RNAI as an Investigational Tool 612

RNAI is a powerful tool for investigating functional genomics.
612

MicroRNA Pathway 614

The miRNA pathway blocks mRNA translation or causes
mRNA degradation. 614

Piwi Interacting RNAs (piRNAs) 617

piRNAs help to maintain germ line stability in animals. 617

BOX 15.1. LOOKING DEEPER: Dicer from Giardia
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Questions and Problems 618
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CHAPTER 16 Protein Synthesis 623

16.1

Introduction to the Ribosome 625
Protein synthesis takes place on ribosomes. 625

Bacterial ribosomes are made of a large subunit with a 23S and
5S RNA and a small subunit with 16S RNA. 625
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A eukaryotic ribosome also has a small and a large
ribonucleoprotein subunit. 625
Eukaryotic ribosomes exist free in the cytoplasm or attached to

the endoplasmic reticulum. 627

Transfer RNA 628

An amino acid must be attached to a transfer RNA before it
can be incorporated into a protein. 628

All tRNA molecules have CCApy at their 3’-ends. 631

An amino acid attaches to tRNA through an ester bond
between the amino acid’s carboxyl group and the 2’- or
3’-hydroxyl group on adenosine. 633

Yeast tRNAA? was the first naturally occurring nucleic acid to
be sequenced. 635

tRNAs have cloverleaf secondary structures. 635

tRNA molecules fold into L-shaped three-dimensional
structures. 638

Aminoacyl-tRNA Synthetases 639

Some aminoacyl-tRNA synthetases have proofreading
functions. 639

Ile-tRNA synthetase has a proofreading function. 639

Ile-tRNA synthetase can hydrolyze valyl-tRNA"" and
valyl-AMP. 640

Each aminoacyl-tRNA synthetase can distinguish its cognate
tRNAs from all other tRNAs. 641

Selenocysteine and pyrrolysine are building blocks for
polypeptides. 645

mRNA and the Genetic Code 647

mRNA programs ribosomes to synthesize proteins. 647

Three adjacent bases in mRNA that specify an amino acid are
called a codon. 648

The discovery that poly(U) directs the synthesis of poly(Phe)
was the first step in solving the genetic code. 650

Protein synthesis begins at the amino terminus and ends at the
carboxyl terminus. 652

mRNA is read in a 5’ to 3 direction. 653

Trinucleotides promote the binding of specific aminoacyl-tRNA
molecules to ribosomes. 654

Synthetic messengers with strictly defined base sequences
confirmed the genetic code. 654

Three codons, UAA, UAG, and UGA, are polypeptide chain
termination signals. 656

The genetic code is nonoverlapping, commaless, almost
universal, highly degenerate, and unambiguous. 657

The coding specificity of an aminoacyl-tRNA is determined by
the tRNA and not the amino acid. 658

Some aminoacyl-tRNA molecules bind to more than one codon
because there is some play or wobble in the third base of a
codon. 659

Ribosome Structure 660

Bacterial 30S (small) subunits and 50S (large) subunits each
have unique structures and functions. 660

Bacterial ribosome structure has been determined at atomic

resolution. 661
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Four Stages of Protein Synthesis 662
Protein synthesis can be divided into four stages. 662

Initiation Stage 664

Each bacterial mRNA open reading frame has its own start
codon. 664

Bacteria have an initiator methionine tRNA and an elongator
methionine tRNA. 664

The 30S subunit is an obligatory intermediate in polypeptide
chain initiation. 665

Initiation factors participate in the formation of 30S and 70S
initiation complexes. 667

The Shine-Dalgarno sequence in mRNA interacts with the
anti-Shine-Dalgarno sequence in the 165 rRNA. 668

Eukaryotic initiator tRNA is charged with a methionine that is
not formylated. 671

Eukaryotic translation initiation proceeds through a scanning
mechanism. 673

Translation initiation factor phosphorylation regulates protein
synthesis in eukaryotes. 676

The translation initiation pathway in archaea appears to be a

mixture of the eukaryotic and bacterial pathways. 676

Elongation Stage 677

Polypeptide chain elongation requires elongation factors. 677

The elongation factors act through a repeating cycle. 677

An EF-Tu e GTP e aminoacyl-tRNA ternary complex carries
the aminoacyl-tRNA to the ribosome. 677

Specific nucleotides in 16S rRNA are essential for sensing the
codon-anticodon helix. 679

EF-Ts is a GDP-GTP exchange protein. 679

The ribosome is a ribozyme. 680

The hybrid-states translocation model offers a mechanism for
moving tRNA molecules through the ribosome. 684

Termination Stage 685
Bacteria have three protein release factors. 6835
Mutant tRNA molecules can suppress mutations that create

termination codons within a reading frame. 687

Recycling Stage 687

The ribosome release factor is required for the bacterial
ribosomal complex to disassemble. 687

Nascent Polypeptide Processing and Folding 688
Ribosomes have associated enzymes that process nascent
polypeptides and chaperones that help to fold the nascent

polypeptides. 688
Signal Sequence 689

The signal sequence plays an important role in directing newly
synthesized proteins to specific cellular destinations. 689
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