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Week Day Date Topic Reading* 
1 M 01/15 No class (Martin Luther King Jr. Holiday) - PREPARE Ch1, Ch2 & Ch3 
 W 01/17 Nucleic acid chemistry & protein-DNA recognition Ch2  
 F 01/19 Chromosomes: Packing and topological constraints Ch4  
2 M 01/22 DNA replication: DNA polymerases Ch6  
 W 01/24 The replication fork: Leading and lagging strands   Ch6  
 F 01/26 Replication factors: Unwinding, protection, & priming Ch6  
3 M 01/29 Replications factors: Processivity, progression, & 

ligation 
Ch6  

 W 01/31 Origins and the initiation of DNA replication Ch6  
 F 02/02 Cell cycle control and the regulation of origin firing Ch5 & Ch6 
4 M 02/05 Telomeres and telomerase Ch6 
 W 02/07 DNA damage and its repair Ch15 
 F 02/09 DNA end-joining & homologous recombination Ch16 
5 G 02/12 Mobile genetic elements & their transposition Ch17 
 W 02/14 Mechanistic basis of adaptive immunity Ch17  
 F 02/16 Genome engineering and DNA editing Ch19  
6 M 02/19 No class (Presidents Day Holiday)     
 Tu 02/20 EXAM #1 (7 - 9:30 PM) - Rooms TBA   

MCB$110$'$Part$I$'$Spring,$2018!
Instructor:$$Prof.$Jeremy$Thorner!

!

*All assigned reading is in Craig NL et al. (2014) 
Molecular Biology: Principles of Gene Function, 2nd Edition     
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Week Day Date Topic Reading* 
6 W 02/21 Prokaryotic transcription: promoters &  

RNA polymerase 
Ch 8: p296-327 

  F 02/23 Regulation of transcription in prokaryotes Ch 9: p340-5; 352-5 
7 M 02/26 Eukaryotic transcription apparatus & methods for  

analyzing individual and global gene transcription, 
Part I 

 

Ch 8: p296-327 

 W 02/28 Eukaryotic transcription apparatus & methods for  
analyzing individual and global gene transcription, 
Part II 

  

Ch 8: p296-327 

  F 03/02 Regulation of transcription in eukaryotes: chromatin 
& its impact on transcription, Part I 

 

Ch 9: p330-40  

8 M 03/05 Regulation of transcription in eukaryotes: chromatin 
& its impact on transcription, Part II  

 

Ch 9: p330-40 

 W 03/07 Regulation of transcription in eukaryotes: polymerase 
pausing & elongation 

   

Ch 8: p319-23 

   F 03/09 Regulation of transcription in eukaryotes: interpreting 
& integrating upstream signals 

 

Ch 9: p360-5 

9 M 03/12 mRNA processing: capping & polyadenylation Ch10: p385-8 
 W 03/14 mRNA processing: mechanism & control of splicing,  

Part I 
Ch10: p388-405 

  F 03/16 mRNA processing: mechanism & control of splicing,  
Part II 

Ch10: p388-405 

10 M 03/19 RNA interference & RNA degradation, Part I Ch10: p410-5 
 W 03/21 RNA interference & RNA degradation, Part II Ch10: p410-5 
  Th 11/02 EXAM #2 (7 - 9:30 PM) - Rooms TBA — 

*Reading is in Craig NL et al. (2014) Molecular Biology: Principles of Gene Function, 2nd Ed.  
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Week Day Date Topic Reading* 
10 F 03/23 Introduction to protein synthesis & the ribosome Ch11 (but not 11.13) 
11 M 03/26 No class (Spring Break Week) — 
 W 03/28 No class (Spring Break Week) — 
 F 03/30 No class (Spring Break Week) — 
12 M 04/02 tRNAs, AA-tRNA synthetases & translation factors Ch11 
 W 04/04 Initiation of translation in prokaryotes and eukaryotes Ch11 & Ch12 
 F 04/06 Translation elongation, termination & ribosome recycling Ch11 
13 M 04/09 Regulation of translation Ch11 & Ch12 
 W 04/11 Co- & post-translational protein folding Ch14 
 F 04/13 Post-translational protein cleavage & modification Ch14 
14 M 04/16 Protein degradation: ubiquitinylation & the proteasome Ch14 
 W 04/18 Protein targeting to organelles and the nucleus  R-Lod. Ch13 
 F 04/20 Synthesis of secretory & membrane proteins R-Lod. Ch13 
15 M 04/23 Methods for studying membrane biology R-Lod. Ch14 
 W 04/25 Vesicle budding, targeting & fusion in exocytosis R-Alb. Ch12 & Ch13 
 F 04/26 Endocytosis & lysosomes R-Lod. & R-Alb.  
RRR M 04/30 —   
 W 05/02 —   
 F 05/04 GSI-led Review Session    
Finals Tu 05/08 EXAM #3 (3 - 6 PM) Good luck! 

MCB$110$'$Part$III$–$Spring,$2018!
Instructor:$$Prof.$Eva$Nogales!

!

Mammalian Ribosome-Translocon Complex  

techniques (Scheres, 2010; Scheres, 2012b). Our initial data set
contained 80,019 ribosomal particles. In silico classification
of these particles (Figure S2) agrees with several aspects of its
biochemical characterization. First, nearly all ribosomes con-
tained a bound translocon, as classification of the final sample
could not isolate any translocon-free ribosomes. Second, while
the density for the area surrounding the translocon was hetero-
geneous due to a combination of accessory factors and the
detergent-lipid micelle, very high occupancy was observed for
the central Sec61 complex. Third, multiple classes of particles
could be sorted based on the conformation of the ribosome
and included translating and idle populations. The complete
data set and individual classes were separately analyzed to
extract their best features, which were incorporated into a com-
posite model for the complete 80S-Sec61 complex.

An initial reconstruction using the entire data set was calcu-
lated using a mask for the 60S subunit to avoid interference in
the angular assignment by the heterogeneous conformation of
the 40S. The resulting map, determined to 3.35 Å resolution,
was used to build the ribosomal RNA and proteins of the 60S
subunit. A distinctive class of !13% of particles contained two
tRNAs bound in the A/P and P/E hybrid state. These particles
were used to generate a 3.9 Å resolution map of the translating
ribosome-translocon complex, within which density for the
nascent polypeptide was observed throughout the ribosomal
tunnel. The remaining 69,464 particles lacking tRNA and a
nascent peptide were considered nontranslating ribosomes.
This class was processed using a 60Smask to build the idle ribo-
some-Sec61 map at 3.4 Å resolution. Finally, this idle class was
further subdivided by the degree of ribosomal ratcheting, and the
presence or absence of the translational GTPase eEF2. One of
these subclasses contained 36,667 particles and was used
to produce a 3.5 Å resolution map used for building of the 40S
ribosomal subunit and a well-ordered lateral stalk region. Thus,

by leveraging major advances in both image detection and
in silico analysis, a relatively small and heterogeneous data set
could be used to build a near-complete atomic model of the
mammalian 80S ribosome and high-resolution structures for
the Sec61 complex bound to the translating and idle ribosome
(see overview in Figure 1A). We will begin by presenting
the structure of the 80S ribosome, followed by discussion of
the Sec61 complex structure and its functional implications.
Throughout this study, we use the new unified nomenclature
for ribosomal proteins (see Table S1; Ban et al., 2014).

An Atomic Model of the Mammalian Ribosome
The porcine ribosome described in this study was determined
to an average resolution of 3.4 and 3.5 Å for the 60 and 40S,
respectively (Figure S3, Table S2), as judged by the ‘‘gold-stan-
dard’’ Fourier Shell Correlation (FSC = 0.143) criterion (Scheres
and Chen, 2012). Notably, much of the core of the 60S subunit
is at 3.0 Å resolution or better (Figure 1B), while the head of the
40S subunit, given its inherent flexibility, is at somewhat lower
resolution. The distal regions of several metazoan-specific
rRNA expansion segments, such as ES27L, protrude from the
ribosome and are presumably dynamic (Anger et al., 2013). As
in the earlier study, these regions of rRNA were not visualized
in our averaged maps. As the sample was prepared from an
actively translating tissue, there was no evidence for binding
of Stm1 or other sequestration factors that were observed in pre-
vious studies (Anger et al., 2013; Ben-Shem et al., 2011).
Using a recent model of the human ribosome generated at

!5.4 Å resolution as a starting point (Anger et al., 2013), we
have rebuilt each ribosomal protein and the rRNA, including
many amino acid side chains, RNA bases, and over 100 Mg2+

ions (Figure 2). Our density map allowed de novo building
of many regions that were previously approximated due to
lower resolution (Figure S4A). Additional eukaryote-specific

Figure 1. The Structure of a Mammalian Ribosome-Translocon Complex
(A) Model of the idle 80S ribosome in complex with Sec61, shown in red. The color scheme shown here is used throughout the manuscript: 40S rRNA is displayed

in orange, the 40S ribosomal proteins in brown, the 60S rRNA in cyan, and the 60S ribosomal proteins in dark blue. The region of the peptidyl transferase center

(PTC) is indicated.

(B) Cut view of the final unsharpened cryo-EM density map for both the idle 60S-Sec61 complex and the 40S subunit, colored by local resolution in Å (Kucukelbir

et al., 2014). Also see Figure S3.

1634 Cell 157, 1632–1643, June 19, 2014 ª2014 The Authors
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*Reading is in Craig NL et al. (2014) Molecular Biology: Principles of Gene Function, 2nd Ed.  
and/or the Reader (material from Lodish et al. and/or Alberts et al.), as indicated.  



Basis of Assessing Student Performance in MCB 110 
 

Three Exams (100 points each) =    300 pts.   
Five (out of Six) Quizzes (6 points each) =    30 pts.   
Disc. Session Attendance & Participation =      3 pts.   
TOTAL =                           333 pts. 

SUMMARY OF EXAM DATES, PLACES & TIMES 
 

EXAM #1 (Thorner): 
  TUESDAY, 20 February 2018, 7 – 9:30 PM 

  2040 VLSB & 159 Mulford,  
  Students assigned to rooms alphabetically by last name. 

 

EXAM #2 (Zhou): 
  THURSDAY, 22 March 2018, 7 – 9:30 PM 

  Rooms??? 
  Students assigned to rooms alphabetically by last name. 

 

EXAM #3 (Nogales):   
  TUESDAY, 8 May 2018, 3 – 6 PM 

  Room(s) to be announced prior to Finals Week. 
 

Any DSP student will be notified individually  
about her / his accommodation. 

   


