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Quiz answers

Kinase:  An enzyme transfers a phosphate group, 
removing the phosphate from a high energy molecule 
(e.g. ATP) and transfering it to an organic substrate.
– Example: phosphofructokinase irreversibly phosphorylates 

fructose-6-phosphate.  This is the rate limiting step in glycolysis



Allele

One of the alternative forms of a gene.
– In diploid cells, there are two alleles for every gene.  
– Alleles can be either dominant or recessive (or neither)
– An allele is a kind of genetic polymorphism.

Example: flower color in Mendel's peas.



tRNA

Transfer RNA translates individual codons to their 
corresponding amino acids.
– One end has an anti-codon which binds to the mRNA.  
– Other end binds the appropriate amino acid. 
– There are different tRNAs for every codon. 

Example: glutamate tRNA



Eukaryote

An organism consisting of cells in which the genetic 
material is contained within a distinct nucleus. 
– All organisms are either bacteria (prokaryotes), archaea, or 

eukaryotes; this division is sometimes called a kingdom.
– Example: All plants and animals are eukaryotes.
– Other defining characteristics include cytoplasm, which is 

structured by a cytoskeleton and contains many specialized 
components called organelles.   

– Mitochondria and chloroplasts are nearly universal organelles. 



Hydrophobic

Repelled by water
– Example: Lipids are all hydrophobic
– Cell membranes are made of a hydrophobic lipid bilayer.
– Some amino acids are hydrophobic.  The packing of 

hydrophobic amino acids in the core of a globular protein is a 
key force in protein folding.  The related process is called 
hydrophobic collapse. 



Glycolysis

Breakdown of a hexose (6C sugar) into lactate  (or, in 
organisms like yeast, into ethanol and CO2),  
producing a net gain of two ATPs.
– Feeds pyruvate into the Krebs

cycle
–A kind of fermentation



Oxidation

A chemical reaction which results in the loss of 
electrons.
– The obligatory other half of such a reaction (the gain of 

electrons) is called reduction, and these reactions are a called 
oxidation-reduction (or redox) reactions.

– The oxidation state (or number) of a molecule is the difference 
in the number of electrons it controls compared to what the 
constituent atoms have as pure elements. 

– Example: The electron transport chain delivers electrons 
produced by the Krebs cycle to oxygen, the final acceptor. 



Transcription

The process by which the genetic information of DNA 
is transferred to a molecule of messenger RNA
– Part of the Central Dogma
– The first step in the synthesis of a

protein
– Catalyzed by DNA-directed RNA 

polymerases



Glutamate

An amino acid 
– A three carbon side chain ending in a

carboxyl group
– The interconversion between glutamate 

and �-ketoglutarate is the key nitrogen
incorporation step in the synthesis of all
amino acids.  Their amino group comes from glutamine, and the 
carbon backbones from catabolic intermediates.

– Glutamate can be enzymatically transformed into glutamine, 
proline and arginine directly.

– Glutamate can be transformed into  �-ketoglutarate providing 
energy from the digestion of amino acids.



Ribosome

Specialized molecular assemblies that effect the 
translation of RNA into protein.
– Consist of proteins and rRNAs, forming one large and one small 

subunit. The site where mRNA and tRNA are joined
– Catalyze the formation of peptide bonds between amino acids in 

a growing protein.
– There are a large number of 

ribosomes per cell.  In E coli, 
~15,000 ribosomes make up 
25% of total mass of the cell.



Lessons from the Quiz

It is really, really important to learn the vocabulary.  
– Use the glossary!   Know what all of those terms mean.  Try 

flash cards, or whatever else works for you. 
We used many of the easiest terms we could think of.    
You really need to know what all of these things are.  
Test yourself, so when we do this again, you'll be 
ready.  
Now, back to Eukaryotes...



Microtubule function 
& Kinesins

Organize mitotic apparatus
But also form “highways” for transportation of 
proteins, vesicles and organelles
Kinesins are a family of ATP-dependent proteins that 
drive entities along microtubules
– Each kinesin transports a specific kind of entity.  
– Kinesins are directionally specific (- to + or + to -)



Control of Cell Cycle

The complex events of 
cell cycle are regulated 
by cyclins and cyclin-
dependent kinases 
(CDKs). 
– 12 cyclins with various 

subclasses of each.
– Cyclins' cycling is only 

partly due to transcription. 
Also actively regulated by 
proteolytic enzymes.



Protein degradation

Proteins are degraded by protolytic enzymes
– E.g. digestive enzymes called peptidases.
– Need to avoid doing damage to other proteins!

One pathway involves tagging proteins to be degraded 
are tagged with a special polypeptide marker
called ubiquitin 
and their digestion
in the proteosome
There are others, too.



Interactions of cyclins and CDKs

Interactions of cyclins
and CDKs controls
particular events in
cell cycle.
CDKs have to both
bind to their cognate
cyclin, and be activated
CDC proteins control CDKs by
multiple phosphorylation and
dephosphorylation events.



More cell cycle control

In addition to cyclins, CDKs and the CDCs, there are 
CDK Inhibitor proteins (CKIs).
These are all involved in checkpoints, the places where 
DNA damage arrests cell cycle.
– Lots of other checkpoints, e.g. in a multicellular organism when

cells are not attached to the right kind of neighbor.
Just about all human cancers involve defects in CKIs.  
Many chemotheraputic drugs are CKI agonists or 
mimics.



CDKs prevent re-replication

Several overlapping mechanisms prevent re-replication 
of DNA during S phase
The origin replication complex (ORC) requires CDC6 
& MCM2-7
before beginning
CDC28 is the 
start signal, and
it causes the degradation 
of CDC6 and phosphorylation
deactivation of MCM2-7 and ORC.



Cell cycle in a nutshell

The complexities of cell cycle and cell cycle control at 
a molecular level are still being investigated.  
– There are many overlapping and interacting mechanism
– We will discuss the signals that cause a cell to begin to divide

(“growth factors”) when we get to multicellular organisms.
Cancer is largely a disease of the breakdown of cell 
cycle control.  



Eukaryotic Genes

Eukaryotic genes are not localized in 
operons
They are also interrupted by long 
regions of non-coding sequence 
called introns.
Each contiguous portion of a coding 
sequence is called an exon.
– mnemonic: EXons are EXpressed, INtrons 

are INserts into genes.



mRNA processing

After transcription, but before translation, mRNAs are 
processed.  Processing includes
– Splicing out introns
– A 5' 7-methylguanylate cap (m7Gppp) is added
– Polyadenylation adds a PolyA tail.
– Processed mRNA is called mature

5' cap prevents degradation
until translation
Poly-A tail plays a role in
transport to ribosome



5' capping

Almost as soon as the pre-mRNA starts coming off of 
the DNA, it's 5' end is capped
Process is to
– phosphorylate (driven 

by DNA polymerase)
– Add guanine
– Methylate the guanine
– Methylate the

methionine codons



Polyadenylation

Nearly all mRNAs have a signal
after the stop codon containing 
the sequence AAUAAA
– This is the polyadenylation signal

An enzymatic system
recognizes this signal, and 
adds ~200 A's to the transcript
Without a poly-A tail, 
transcripts are rapidly 
degraded in the nucleus. 



Intron Splicing

Introns have consensus signals at their ends
They also have different average composition than 
coding regions.
Alternative splicings play an important role.
Exact splicing mechanism is still incompletely 
understood


