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PYRUVATE DEHYDROGENASE & THE CITRIC ACID (KREBS) CYCLE
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' RECIPROCAL REGULATION OF HEPATIC GLYCOLYSIS & GLUCONEOGENESIS
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GLYCOGENESIS & GLYCOGENOLYSIS
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(amylopectinosis)
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THE PENTOSE PHOSPHATE PATHWAY & DISACCHARIDE METABOLISM
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TRIGLYCERIDE DEGRADATION & FATTY ACID OXIDATION
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KETONE BODY SYNTHESIS & DEGRADATION
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POSTPRANDIAL SYNTHESIS AND STORAGE OF FAT
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Classes of hpoprotems and Important Apoprotems

LIPOPROTEIN METABOLISM

(Aa 1 1/500, AA 1/10°)
¥ ¥ Lol (A?o %‘IOQ}
Kecc,ﬂ»or Db
Can't get LB

aut og

|

blosd

Magle Ane Gaset

Lipoprotem Functxons Apoproteins | Functions
Chylomicrons Transport dietary triglyceride and apoB-48 Secreted by epithelial cells ~getsout ?)‘L
cholesterol from intestine to tissues apoC-II Activates lipoprotein lipase ~get o‘q_*
— ) blousd
T ——————t APOE— reimn w i~ | Uptake by liver of vemnants
VLDL Transports triglyceride from liver apoB-100 Secreted by liver — ﬂ‘+ outof live
to tlssues(ﬁd,f,&) apoC-II Activates lipoprotein lipase
S .
apOE ~reasnnnts| Uptake of remnants by liver ~. TDL
LDL Delivers cholesterol into cells=Liver apoB-100 thake l?y liver and other
— tissues via LDL receptor (apoB-
100 receptor) ve-d. bloest vessels
IDL Picks up cholesterol from HDL apoE Uptake by liver
(VLDL remnants) to become LDL
Picked up by liver
HDL ! Picks up cholesterol accumulating in apoA-1 Activates lecithin cholesterol
blood vessels acyltransferase (LCAT) to
Delivers cholesterol to liver and produce cholesterol esters
S Cicr0) o Jiver
steroidogenic tissues via scavenger A 4 ote Fece=wpo HDL
receptor (SR-B1) HDL’rcczp"'Df et = fat maduls
Shuttles apoC-II and apoE in blood EHpe = “ne
B-100+de bect = fathy I'ver
C =TT  defect = hype Tl
fect = "\1,:4th1
hegper Clolestcral
Primary Hyperlipidemias
Lipid Lipoprotein
Elevated Elevated
Type | Deficiency in Blood in Blood Comments
I Familial lipoprotein Triglyceride Chylomicrons Red-orange eruptive xanthomas
lipase (rare) Fatty liver
apoC-II (rare) Acute pancreatitis
Autosomal recessive Abdominal pain after fatty meal
Ila Familial Cholesterol tLDi] High risk of atherosclerosis and
hypercholesterolemia coronary artery disease
Autosomal dominant Homozygous condition usually

d <20 years

Xanthomas of the Achilles tendon

Tuberous xanthomas on elbows
Xanthelasmas

Corneal arcus = blue r;—j ~roond Cornee




CHOLESTEROL SYNTHESIS & SPHINGOLIPID STORAGE DISEASES

[rcemicon | P00 amnmoen . 990 Hum arp 902 g,
+ ——i»('?Hz (i)Hg —L>—¥>—-<> C'i—CHa
M Coll 10-E-on

Acetoacetyl CoA HO- G- CH,
] reductase

e " g
rdoplaric  § Ogwoing _ OHOH 6-0-0-0
SCoA ,::7 Isopentenyl pyrophosphate
HMG CoA Mevalonle acd (Cs = isoprencid)

l 2 condense

21 22 24 26
Gerany! pyrophosphate (Cqo)

l+05

—~<— —-— | anosterol <— Squalene w Farnesyl
(C3p) pyrophosphate (C5)

N

Cholesterol l
A4

Live)r/ \indocrine glands Ubiguinone & lack =
(B reebdenysis

Bile salts Steroid hormones

Cholesterol biosynthesis. HMG CoA = hydroxymethyigiutaryl CoA

membrane
ﬁ I )m‘d-s
Genetic Deficiencies of Sphingolipid Catabolism

Lysosomal Substrate Accumulating

Disease Enzyme Missing in Inclusion Body Symptoms

Tay-Sachs Hexosaminidase A Ganglioside GM, Cherry red spots in macula

Blindness, s+ar¥le reflew
Psychomotor retardation
Death usually <2 years

Gaucher Glucocerebrosidase Glucocerebroside [ype 1: Adult

Hepatosplenomegaly

Erosion of bones, fractures
Pancytopenia or thrombocy-

topenia  Fired, bruisia
Characteristic macrophages
(crumpled paper inclusions)

Niemann-Pjick Sphingomyelinase Sphingomvelin Hepatosplenomegaly

Microcephaly, severe mental
retardation

Zebra bodies in inclusions

Characteristic foamy

macrophages

Early death

Cl,\,wra Red Spets on Macula (4/0%)
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ESSENTIAL AMINO ACIDS & NITROGEN BALANCE

Nitrogen Balance N, = N, . (:e. poteinF vrea, )

Nitrogen balance is the (normal) condition in which the amount of nitrogen incorporated into
the body each day exactly equals the amount excreted.

Essential Amino Acids Phe —7Ty¢
. . . s Val
*
Arginine Methionine Trp
Histidine Phenylalanine Thr
Isoleucine Threonine fle
Met
Leucine Tryptophan .
His
Lysine Valine Arg %
Leu
¢ *Essential only during periods of positive Lys
nitrogen balance.
never Tires
T\‘r

Negative nitrogen balance occurs when nitrogen loss exceeds incorporation and is associated

with:

*  Protein malnutrition (kwashiorkor) —=; &.scites € edema

¥ A dietary deficiency of even one essential amino acid

+ Starvation Mo rasrus (ero‘*ti'ﬁ calorit M».lhu-f—f.""o'ov\)

« Uncontrolled diabetes

» Infection

Positive nitrogen balance occurs when the amount of nitrogen incorporated exceeds the
amount excreted and is associated with:

- (G

» Pregnancy

* Recovery phase of injury or surgery
* Recovery from condition associated with negative nitrogen balance

Products of Amino Acids
Amino Acid Products
Tyrosine Thyroid hormones T, and T,
Melanin
Catecholamines ©—7NE —%&
Tryptophan Serotonin
NAD, NADP
Arginine Nitric oxide (NO)
Glutamate Y-Aminobutyric acid (GABA)
Histidine Histamine




AMINO ACID DEGRADATION - IMPORTANT AMINOACIDEMIAS/AMINOACIDURIAS

Phenylalanine

U elevated p_g
* mental retardation

OH L4 musty odor Pﬁ \r (omp/{)(bn
Tr '
iwmd . ' . deizl;nl,:wtin phe,
roxylase . i
OO supplement with(tyr) ’B("’;‘”C”Zd Chain
* avoid aspartame etoac
Tyrosine— 0O W (asp-phe) Dehydrogenase
‘ Acetyl CoA 4——1 . elevated BCAAs BCKAs
* * branched chain a-ketoacidosis
hc.)'mo levated homogentisate  OAA . mental retardation .
| Homogentisic Acid | A" * black urine — uk—c Citrate e seizures, coma, ‘£ ontreated
. ochronosxsl "ff,,f Treatment .
Homogentisate e arthritis "'K e diet low in leu, ile, val
oxidase Treatment .J\/Ialate
* supportive ’
cz-KG
Maleylacetoacetate »- Fumarate
Succmyl CoA

inteinst 8 &cﬁ, Feom

Methylmalony! CoA

' /s DNICEAL St
P“'d" cHln Mutase JM

bh"d} 12 = . : C.F«c &(
.”+r. ‘ 2 . ) GBSN.LQ.J i~ IICU'\ e -*.4 ch‘C.cn"' 8'2 j sgP:Z aep“:cnc
' ;’ls, < foctor o»‘la binds l,slnpn Methylmalonyl CoA Vct\un)M '

ancreatrc @a & o
l‘ pro+c,.\-u Thet blag B2 in Propionyl CoA
v 4 " - Carboxylase
? Propionyl CoA <4——— Valine

;olc.-*

Rz ¢

 elevated ocysteine

¢ atherosclerosis

* thrombolytic occlusions

e dislocated lenses’

* mental retardation

¢ reduced methionine

* megaloblastic anemia

Treatment

» diet high in met,
supplement with folate

A 8z A §

(e~ ales cauUst

« F‘blﬁs“’t O‘Lc YN

\LCQ‘&." ¢ =

9

onlyexn regoiring

Homocysteine

Methyl Transferase

N\
Maintains
’)Dol‘ﬂ i~ Ce 1/

Isoleucine

1

a-Ketobutyrate

]

Cystathionine

Cystathionine Synthase

. elevated h mocysteune
¢ atherosclerosis

* thrombolytic occlusions
¢ dislocated lenses

* mental retardation j“"/u"“ﬁ-" otd

* elevated methionine
® No_anemia
Treatment

® diet low in met,

supplement_with BS

; [a) I.+|‘5,4

Colod-c

S-Adenosylhomocysteine

WML‘HA\AA*HOA

=== S-Adenosylmethionine

AJA&(«:#:
mm: [ S

‘ w/lz\.1pzr_n3m~+c d

PN




GENETIC DISORDERS OF THE UREA CYCLE

A. General Features
for
Clinical Symptoms Lab Results = LOm | oal :_4:7, on’ e
e lethargy, vomiting, irritability * hyperammonemia ( gweest
¢ hyperventilation, respiratory alkalosis * elevated plasma and urinary glutamine.
* convulsions, cerebral edema, coma * abnormally-low blood urea nitr (BUN)
B. Differential Diagnosis
+o{:(.,
ENZYME DEFECT
+ CO,
1. Carbamoy/—Ff syn_thetase ! - hyperammonemia Type | Carbamoyl
¢ low citrulline phosphate
* no orotic aciduria synthetase | |
* autosomal recessive T Dt
//705"' 2.| Ornithine transcarbamoylase/ hyperammonemia Type /I
o O
corT~_~ * Jow citrulline
*' orotic acidurig #i¢gnostc Citrulline
* X-linked recessive ~ only XLE i~ OTeCL —=2pve/ \
ulea cyqcle - - —_>4 || Qnithine Argininosuccinate
L. i transcarbamoylase synthetase
3. Argininosuccinate synthetase - citrullinemia - ' l
e very high citrulline Tt €77~ Ornithine L.\V(T Argininosuccinate
* low argininosuccinate Argiiescdinate
Arginase lyase

4. Argininosuccinate lyase - argininosuccinic acidemia
e moderately high citrulline Urea Arginine
¢ high argininosuccinate

Nontoxic
5. Arginase - argininemia < exuhable
« high arginine 4,

SuN

C. Treatment

Severe Hyperammonemia
* exchange transfusion
R\ benzoatg phenylacetate -\ AL(/&"l‘C (,la + (vln

(7‘ -2 Ht N 'ﬂ-
(Y
LA 2
€00~ C—S—CoA : C—N—CH,—C00~
ATP AMP “Glycing CoA H
Benzoate Benzoyl CoA Hippurate
O O ?OO'
CH,—C00~ CH2—C S—CoA C—!JSE C—H
ATP AMP EGlitEmne: CoA H o
ﬁ'@ CHa
i
Phenylacetat Ph
ylacetate enylacetyl CoA Y

N
KNHz
Phenylacetylglutamine

Disease Management
e low protein, high carb diet supplemented with arginine (except argininemia)
e oral phenylbutyrate, a pro-drug which is converted to phenylacetate




PYRIMIDINE NUCLEOTIDE BIOSYNTHESIS

lutamine
£ C \I-h)s'm <
Carbamoy| PYRIMIDINES M
Pphosphate Coz - U i P UMA bh\]
synthet N
s aspartate T \’\"{'"'
carbamoyl ' , carbamoyl
phosphate aspariate aspartate
franscarbamoylase i
orolate
PRPP 7~ M
omp (UMP Synthase
. —_— UMP
Veidint ~y [ump]
e ‘ribonudieotide
» reductlase
UDP'————-——23 deoxy UDF
NADPH
i thioredoxin i
deoxy UMP
Ef] ~ U * thymidylate C
synthase <
. glutamine == Ho-folate
| deoxy TMP
Two Orotic Addurias
1. Hyperammonemia
No megaloblastic anemia
+ Pathway: Urea cyde 0
\4

« Enzyme deficent: OTC~ Ocfnithine Treascer b a-v-\-alas e
2. Megaloblastic anemia

No hyperammonemia

- Pathway: Pyrimidine o .
synthesis “- LUMmP Syn‘l’k&sl- Def. [cest W/ VUridine

- Enzyme deficent: UMP o
synthase ' umv
Folate deficiency: = . The ,\_,jy]od-c S\{,ﬁ’kast

megaloblastic anemia

But no orotic aciduria




PURINE NUCLEOTIDE SYNTHESIS, DEGRADATION & SALVAGE

A (o7 907.
(%
Ribose 5-phosphate
PRPP synthetase
\l —
o
PRPP (;(‘02
AM? = : T
Glutamine-PRPP
(JMF ; amidotransferase * H("?RT
™P \l:
5-Phosphoribosylamine
XLR&
A bunch of steps requiring: .ﬁ%@%(w syndrome) — N Purine S'alvc.3¢
| glutamine, aspartate, GLYCINE . Sejf_mm?;;eon {hgﬁgg lips) ;
Wt and FOLATE « Hyperuricemia ’ .
é V & Eariy death LUr ate Mf\l\fu rb.'.'l.\\_l
P o Hypoxanthine AMP ( ( IMP } N GMP
. PP;
IMP
Hypoxanthine-
Adenosine - Inosine phoi%%;yl_ Guanosine% nucleoside s
Ade;‘ﬁ;’; “transferase -
SK- Adgt;osine deaminase (ADA) deficiency >PRPP ¥
el SRS ik [Savage P Guagine Beses

all A nuclestides
actvmplete = po

BarT )
l.amf\mcz-f(s

NC&I Folete 42
Syvinesize ALl Qocines
o s (T
but O“‘a Pd""m'd'\m « (1)

Xanthine @mj

xcretion Pathway

anthine Oxidase {"\ A“‘,rm.;,us \

Leads £, Gout

Necdle S\Mf,c_a Bl
C"x/ghls

‘\0¢~+

Poew ;
K indosm ethacin foc pa:
)




Pecvoricvs

cc DNA

% < \e.sS e

Strand Sequence

5TCGA3
or
TCGA

’

3AGCTS

5pTpCpGpA 3

5 T C
* it

3 A(G

Z“‘;‘BNS gH bb-sds
- ke :SfronJcr

(9]

@)

3/

- ZI2 >

SI

3 in DNA

N

M(’
ADENINE - /> N:;wt\
= : A ‘
N~ Cytosine is methylated
NHz | in "CG islands” . RNA
| |eenesorr T ;
N . | S'end N
. /L CYTOSINE o <
=p—0—C
N 0=P-0-Ciy N
. O'

\bbi‘r— o
Ne °“'A _

" GUANINE

“=NHy

Always 5" ——— 3 3’ @

®
®

must assume 5'————» 3/ ®©

If written backwards, end must

_ be clearly designated.

Sofnetimes the PDE bond is indicated.

Strands must be anti-parallel to
base pair. If complementary then also anti-parallel.

% T=%A
%C=%G

purines = pyrimidines

0O

N GUANINE

7

3’end
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DNA REPLICATION

Bidirectional

I4elicase

Covicd Strand = Templadz,

Htl.‘casa S&Para‘\’c> sHonds gt OKT

rick ia AT

g\-{n%\bsts 1% G(u‘“ﬂ) 5'—y 3\

N 3
Replication

forks = Yo

1

’\_r\_‘Q&dJ
Ongin

‘3‘ Leading
strand

Comparison of DNA and RNA Polymerases

H'C{l‘(.ﬁ;( <

On O‘”

1
A —_
<> G-- >

Centromere

Sister Chromatids Are
Separated During Mitosis

During S phase

.
i
o1

RNA Polymerase

DNA Polymerase
Nucleic acid synthesized DNA RNA
(5"—>3)
Required template DNA* DNA*
(copied 3'—5")
Required substrates dATP, dGTP, dCTP, dTTP ATP, GTP, CTP, UTP
Required primer ( 5'e nd> RNA (or DNA) None
Proofreading activity Yes — for PR No
(3'>5” exonuclease)

*Certain DNA and RNA polymerases require RNA templates. These enzymes are most commonly associated with

viruses.




The Steps and Proteins Involved in DNA Replication

Prokaryotic Eukaryotic
cells cell nuclei
1. Unwinding of DNA double-helix Helicase Helicase
at replication origin(s) (requires ATP) (requires ATP)
2. Stabilization of unwound template Single-strand Single-strand
strands binding protein (SSB) _ binding protein (ssB)
3. Synthesis of RNA primers. Primase | : - Primase
4. Synthesis of DNA e » -
« leading strand DNA polymerase Il -~ DNA polymerase § +o¢
* lagging strand S 3 DNA polymerase il - DNA pol; erase o + 9
{Okazaki fragments) R Tl ol F : L
- » S e . B e . h Lr‘_‘,m’_ inmaht-hmdrtm
5. Removal of RNA primers -~~~ . ‘DNApolymerase] .~ . Unknown . "
| " (57 - exonuclease) . - «
6. Repiacerﬁeﬁt ofjiiNA'\Vfth DNA" ~ T DNA ﬁolyrﬁe?asﬁe'i Ty Unknown
7. Joining of Okazaki fragments DNA ligase DNA ligase
{requires NAD) (requires ATP)
8. Removal og\ supercoils ahead of - Jopoisomerasell  : - . Topoisomerasell = =
advancing replication forks - (DNA gyrase) . ' o
einhibitedby e inhibitedby
nalidixicacid, ~ . ©  etoposide, 1
norfloxacin iR teniposide
9. Synthesis of telomeres - Not requife‘d e : T ' Tﬁﬁerasé&' cov«hns :ﬁ\‘*’:"“

RAA 7o ack a3 /
Other Eukaryotic DNA Polymerases Jocs = Teet gy rlmer internaily
L\—'.,Pl.rauln\n""a = CA

DNA polymerase yreplicates mitochondrial DNA in eukaryotes.

DNA polymerases f and € (in eukaryotic cell nuclei) are thought to participate primarily in DNA repair. -
DNA pol € may substitute for DNA pol § in certain cases

Reverse Transcriptase R
RaA

_cDNA
R_g_vers\en'aj_sgriptase, an enzyme found in some viruses, is an RNA-dependent DNA polymerase. This
enzyme requires an RNA template to direct the synthesis of new DNA. Retroviruses, most notably HIV,
utilize this enzyme to replicate their RNA genomes.

21603"5 ?r-‘mtf

M ekonv(_{l.&s,l d.(_‘f‘"'/’.'ha .




DNA Repair

Recognition/ i
Damage Cause Excision Enzyme Repair Enzymes
Thymine UV radiation Excision endonuclease DNA polymerase
dimers (G,) (deficient in Xeroderma DNA ligase
O —— .

pigmentosum)
Cytosine Spontaneous/ | Uracil glycosylase DNA polymerase
deamination chemicals AP endonuclease DNA ligase
Apurination Spontaneous/ AP endonuclease DNA polymerase
or apyrimid- heat DNA ligase
ination (G,)
Mismatched DNA replica- A mutation on one of DNA polymerase
base (Gz) tion errors two genes, hMSH2 or DNA ligase

hMLH]1, initiates defec-
tive repair of DNA mis-
matches, resulting in a
condition known as
hereditary nonpolyposis

colorectal cancer— ) ‘
HNPCC. Lynch Syndiome"

Tumor Suppressor Genes
and DNA Repair

DNA repair may not occur
properly when certain tumor
suppressor genes have been
inactivated through mutation
or deletion:

* The p53 gene encodes a
protein that prevents a cell
with damaged DNA from
entering the S phase.
Inactivation or deletion
associated with Li Fraumeni_

syndrome and many solid
tumors.

* ATM gene encodes a kinase
essential for p53 activity.
ATM is inactivated in ataxia
telangiectasia, characterized
by hypersensitivity to x-rays
and predisposition to

lymphomas.

* BRCA-1 (breast, prostate,
and ovarian cancer) and
BRCA-2 (breast cancer)
required for p53 activity.

* Rb The retinoblastoma

Mismatch repair,
* MSH2
*MLH1

Go

Thymine dimer (bulky

lesion) repair

* XP

* Nucleotide excision
repair (cytosine
deamination) _

\ Genes controlling

DNA polymerase
proofreads during
DNA synthesi

entry into S-phase
* Rb
. p53

gene was the first tumor
suppressor gene cloned, and
is a negative regulator of the
cell cydle through its ability
to bind the transcription
factor E2F and repress
transcription of genes
required for S phase.




(Grenc Pravet  protein

?O || n‘\

Flow of Genetic Information from DNA to Protein

S\wes Codons i ¥
coding strand j
! ANICC CCCRIER: O A 1 DNA coding strand is identical to the
DNA S AEGMGGGC CA GA C seeee3 Cg\ mRNA (except T for U)
| ] DNA template strand is complementa
Transcription 3.... TACCCCGAGTC GCTG...5 <:£] and antiparallel to the mRNA i
template strand - ¢ copiccr
direction of —— =2
mRNA transcription
Translation [ [ | | | | ] | [ ] Codons
direction of
N*“'z ----- - @ - - @ COOH  memmmomat | slation ™=
£M-~o Ca.rhoza\
Trgt
s Second Position lss
First Position Third Position — webblc
(5' End) U Cc A G (3' End) CC. = Pro, always
uuu ucu UAU UGU u
U uuo}F’he UCC \ser| UAC } wr UGC} Os | ¢ s
UUA UCA UAA St UGA siop | A ' '
UUG} Leu | yca UAG} 1 UGG Tp |G 4 —ACG-3
: Codon
cuu ccu cAUY ... | cau U -
c | cuc 4| ceel, CAC} His | 3o A | C Stop s not an AA
CUA ceA - CAA} ain | SGA 91A Ue deeAlica
CUG CAG G G Vg Are (ome
v Go Ak)aa
AUU ACU AAU} Asn AGU} ser | U
A AUC ACC § 1hr| AAC AGC C
AUA ACA AAA ’ AGA & A
AUG™ Met | ACG AAGfLys | AGG AT | -
Stardk '
GUU GCU GAU} Asp | GGU U
G GUC val | GCC Al GAC GGC Gly C
GUA GCA (7@ Gu | GGA A
GUG GCG GAG GGG G

Effect of Some Common Types of Mutations on Protein Structure

Type of Mutation

Effect on Protein

Silent: new codon specifies same amino acid

None (wob ble pos tion Subsh"l'\l"’"“"‘)

Hp A-qlo®
Hb S~ val

Missense: new codon specifies
different amino acid

Possible decrease in function; variable effects

_ : TAA TGA
Nonsense: new codon is stop codon TAG

Shorter than normal; usually nonfunctional Ptemshure Terfminatign

" Frameshift: deletion or addition of a base 'KA-e:Ml *Usually nonfunctional; often shorter than normal

Large segment deletion (unequal
crossover in meiosis)

Loss of function; shorter than normal or entirely missing

Splice donor or acceptor
Site Mmutationg

Variable effects ranging from addition or deletion of a few
amino acids to deletion of an entire exon

Triplet repeat expansion
Hum'ﬂf\af‘bws
‘F:’raa.'l-e. X

SRR .

Expansions in coding regions cause protein product to be
longer than normal and unstable.

Disease often shows anticipation in pedlgree




CYTOPLASMIC EXPRESSION OF A BACTERIAL OPERON

transcription

s trinscription
~——— promoter > start <€ operon » stop
5' -10 +1 5'UTR 3'UTR}
I : |gene 1 gene 2 gene 3| I
3" Lets/upstecan no exons/intron within any
of the genes
Sigma -10 Ep rifampin
£ ‘q‘j ¢ - factor (° ) Y |
b:: _‘F%' ~ operon Transcription
a""éef (aTA
box| -
(Pribnow Qox) semifloo in.mRNA
v stops transcription

MUH':'PIg 3¢Ms
Polycistronic ™ gene 1 | 2y gene 2 | o
mRNA / /4 /4

Shine Shine Shine
‘ Dalgarno Dalgarno Dalg garno
M ormicrebeg
allows Flhogome ' ; ‘
locote Shet Translation - Translation Translation

o ] |

H,N - protein - COOH HN - protein - COOH HN - protein - COOH
L 2 3




EXPRESSION OF A NUCLEAR PROTEIN-CODING  GENE

. Class IT
transcription N po!y-A
~—— promoter - Start &— gene =% ite
: -25 D 5'UTR, _ 3'UTR ¥
—7 T ] exon-1 [ intron | exon-2 |~
3 L
CYO’\S G &
e*rfcsSc.ol
Transcription
initiation
complex
l )
Transcription
(nucleus):

Zox

"/\ l'+:‘. ‘['1‘0"\ ﬁ’\ cto rs
TFUs

Not Perbnow .
" Nuclease
cuts
%
pre-mRNA * AUG R po_lty-A
site
(hnRNA) , SIUTR 47 i, . JL 31UTR /‘\ 3I
s iabrons 5 exon-1 rrmtron‘l exon-2 &
RNA Processing (nucleu'sl g B _
1. Capping (to initiate translation) = ' e ned=~Met, 1
: A 2. Jailing (to prevent RNA degradanonls3 éndl
3. Splicing (to generate an ORF}:s=reiope tatrons
Excised Intron *spliceosome with U-rich SnRNA !
Lanat) Degraded e
in Nucleus
AUG A 4 UAA
mRNA 1!5' MeG g_Sl&Lexon-l | exon-2 FUTE AAAAA....AA 3!
n { :Open Reading Frame Pol -A tail .
N o Cap_ | ; (ORF) (paly A polymerase)

Y
H)N - protein

Translation
{cytosal) -

- COOH e




|RIBOSOMAL RNA | Eukaryofic ribosome =
b VB 805

{rRNA)q - .

TyC
loop
(
TRANSFER RNA
(tRNA)
ARNA g

Anticodon
loop

"
R—C—n |Ammo

] acd

c=o0_

i

0

|/

HE

c

c

MUSh (o0 s
Eukaryotic Nuclegr RNA Polymerases
a-Amanitin Subcellular
Type Sensitivity Localization RNA Product
@ Insensitive _ Nucleolus 45S rRNA
1l - Very sensitive Nucleoplasm hnRNA (mRNA) and
- to low levels some snRNAs
m Sensitive to Nucleoplasm tRNA, 55 rRNA
high levels

hnRNA = heterogeneous nuclear RNA; mRNA = messenger RNA; rRNA =ribosomal RNA; snRNAs = small

nuclear RNAs; tRNA = transfer RNA.



Qg™ Accep™’
Steps in Translation . ® D) ¥
i @ Small ribosomal ef-"w». - INITIATION A
o - ‘ subunlt,L -e.‘hc}s Auq UAC ) )
| 3
@¥,/;6\%—A\_/\. @
. 3 o Dsllﬂne AUCC\)C) mRNA met-tRNA; (Eu) Large S
3' cap mo or i fmidladiom,
(Eu) a( S formylsmet-tRNA; (Pr) subuinit g::fﬂ,s:.ui\;
. ELONGATION

sl

1. Aminoacyl-tRNAbinds to A site

2. Peptide bond forms. Peptidy! transferase 3. Tranflocz:;ion ;:)f ribososme 3
in large subunit ; nucleotides along mRNA . .
GTP ’ GTP o [ rhema
EFTyand EFTs (Pr) R " rey bab EF-G(Pr) ' .
LEF-1 (Eu) Lo @Q@‘m‘phen'cﬂﬂj 7, vndz,w. eEF-2(Eu) €——[TOXINS |\ (scvdOmonag
‘ Fovamui - bieccs A < AN DU O b LT ,
| ‘ sctertoshatic Elongation cycle repeats for each amino acid added. Ll\'ﬁ?f_%@ﬁﬂl‘ Chadamycin
| TERMINATION
. R’FS\) release
3 eRFs

Completed protein released from

ribosome Ribosomal subunits separate
mMRNA released

STOP CODON ‘
in A site -

" @@®

@ COOH ¢
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A double-stranded RNA genome isolated from a virus in the stool of a child with gas-
troenteritis was found to contain 15% uracil. What is the percentage of guanine in this
genome? So

154 A

A 15

B. 25 Yo/ (&G
vT. 35 —

D. 75

E 85

A medical student working in a molecular biology laboratory is asked by her mentor to
determine the base composition of an unlabeled nucleic acid sample left behind by a former
research technologist. The results of her analysis show 10% adenine, 40% cytosine, 30% thy-
mine and 20% guanine. What is the most likely source of the nucleic acid in this sample?
A. Bacterial chromosome
B. Bacterial plasmid
C. Mitochondrial chromosome
- D. Nuclear chromosome
V'E.  Viral genome —

It is now believed that a substantial proportion of the single nucleotide substimtif)ns
causing human genetic disease are due to misincorporation of bases during DNA replica-
tion. Which proofreading activity is critical in determining the accuracy of nuclear DNA
replication and thus the base substitution mutation rate in human chromosomes?

3" to 5" polymerase activity of DNA polymerase &

3’ to 5" exonuclease activity of DNA polymerase 'y

Primase activity of DNA polymerase o

5’ to 3’ polymerase activity of DNA polymerase III

3’ to 5" exonuclease activity of DNA polymerase § —

Poows




The proliferation of cytotoxic T-cells is markedly impaired upon infection with a newly
discovered human immunodeficiency virus, designated HIV-V. The defect has been
traced to the expression of a viral-encoded enzyme that inactivates a host-cell nuclear
protein required for DNA replication. Which protein is a potential substrate for the viral

enzyme?
A. TATA-box binding protein (TBP s~
B. Cap binding protein (CBP)
C. Catabolite activator protein (CAP)
D. Acyl-carrier protein (ACP)
/E.  Single-strand binding protein (SBP) =

The deficiency of an excision endonuclease may produce an exquisite sensitivity to ultraviolet
radiation in Xeroderma pigmentosum. Which of the following functions would be absent in
a patient deficient in this endonuclease?
A. Removal of introns

vB.  Removal of pyrimidine dimers —
C. Protection against DNA viruses
D. Repair of mismatched bases during DNA replication

E. Repair of mismatched bases during transcription

The anti-Pseudomonas action of norfloxacin is related to its ability to inhibit chromosome
duplication in rapidly dividing cells. Which of the following enzymes participates in bac-
terial DNA replication and is directly inhibited by this antibiotic?
A. DNA polymerase I
B. DNA polymerase II #m
C. Topoisomerase I
v'D. Topoisomerase IT — (PNA Gyrase)
E. DNA ligase

Cytosine arabinoside (araC) is used as an effective chemotherapeutic agent for cancer,
although resistance to this drug may eventually develop. In certain cases, resistance is
related to an increase in the enzyme cytidine deaminase in the tumor cells. This enzyme

would inactivate araC to form

A.  cytosine

B. cytidylic acid

C. thymidine arabinoside
vD. uracil arabinoside —

E.  cytidine

Dyskeratosis congenital (DKC) is a genetically inherited disease in which the proliferative
capacity of stem cells is markedly impaired. The defect has been traced to inadequate
production of an enzyme needed for chromosome duplication in the nuclei of rapidly
-dividing cells. Structural analysis has shown that the active site of this protein contains a
single-stranded RNA that is required for normal catalytic function. Which step in DNA
replication is most likely deficient in DKC patients?

A. Synthesis of centromeres
B. Synthesis of Okasaki fragments
C. Synthesis of RNA primers
v'D. Synthesis of telomeres —
E. Removal of RNA primers




- 5 ¢ % t
During RNA synthesis, the DNA template sequence TAGC would be transcribed to pro-
duce which of the following sequences?

5

A~ ATCG
B. GCTA
C. CGTA
D. AUCG
vE GCUA —

The base sequence of codons 57-58 in the cytochrome B5 reductase gene is CAGCGC.
The mRNA produced upon transcription of this gene will contain the sequence:

A. GCGCTG

B. CUGCGC

C. GCGCUG
v“D. CAGCGC —

E. GUCGCG

A gene encodes a protein with 150 amino acids. There is one intron of 1,000 bps, a -
5’-untranslated region of 100 bp, and a 3’-untranslated region of 200 bp. In the final
processed mRNA, how many bases lie between the start AUG codon and the final termi-
nation codon?

A. 1,750
B. 750
C. 650
vD. 450 —
E. 150

In the genetic code of human nuclear DNA, one of the codons specifying the amino acid
tyrosine is UAC. Another codon specifying this same amino acid is

A, AAC
B. UAG
C. UCC
D. AUG

vE. UAU s —

Items 2 and 3

A. ATGCAA...— ATGTAA
ATGAAA...— GTGAAA
TATAAG...— TCTAAG
CTTAAG...— GTTAAG
ATGAAT ...— ATGCAT

HmOooOw

The options above represent mutations in the DNA with base changes indicated in boldface
type. For each mutation described in the questions below, choose the most closely related
sequence change in the options above.

vNonsense mutation A

/ Mutation decreasing the initiation of transcription C




Accumulation of heme in reticulocytes can regulate globin synthesis by indirectly inacti-
vating elF-2. Which of the following steps is most directly affected by this mechanism?

A
B.
vC.
WD,

E.

Attachment of spliceosomes to pre-mRNA

Attachment of the ribosome to the endoplasmic reticulum
Met-tRNAmet binding to the P-site =

Translocation of mRNA on the ribosome pa

Attachment of RNA polymerase II to the promoter

A nasopharyngeal swab obtained from a 4-month-old infant with rhinitis and paroxysmal
coughing tested positive upon culture for Bordetella pertussis. He was admitted to the
hospital for therapy with an antibiotic that inhibits the translocation of peptidyl-tRNA on
70S ribosomes. This patient was most likely treated with

VA

moow

erythromycin ~
tetracycline
chloramphenicol p#
rifamycin

levofloxacin




