SESSION 5. HUMAN DISEASE

Iron imbalance and the
iron-binding responsive
element

I



An inherited disease affecting the iron-

binding protein function
]

Hyperferritinaemia cataract syndrom Cataract

> High levels of the protein ferritin in the blood

> Cataracts: clouding of the lens of the eye. @

The molecular basis of the disease is a mutation in
the ferritin gene.

Clear lens
Healthy eye

Mutations on 5'UTRs but not on coding genes 2

regulatory element on 5'UTR @

Lens clouded
Eye with cataract by cataract



Ferritin is regulated at the level of

translation
S

O FU nction Of - fl‘ee When iron levels are low, the iron regulatory protein binds IRE
. . and inhibits translation.
irons are toxic to cells
and it has a protective
function by binding the

irons.

Active iron regulatory
protein (IRP)

Iron regulatory
element (IRE)
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Transferrin

. scarce cellular iron
0 Function of transferrin  resuits in high affinity IRP1

and less degradation of

is to deliver irons to a IRP2 TfR mRNA
cell
0 When the irons are wioiie A
Olbun dcln _I_ _I_he T fl’ efficient translation
’
mRNAs are
suppressed.

TfR mRNA is degraded
abundant cellular iron

results in low affinity IRP1
and degradation of IRP2



RNA regulatory elements
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RNA regulatory elements

O IRE
G- U0 G—U
. . A G A
0 Riboswitches ¢ o d L
. 4 A—U “e—c¢
O Transcription stop by 1l [
hairpin structure: c—c ;:\—u
. . U—G_G -
replication-dependent bk T
G—C
L] C
histones. ‘ - (¢
/ U—A
u |
c—6 =
c—G llJ—A
U—A llJ—A
U—A ;!A—U
5 3 5 3

Ferritin Transferritin




|dentifying the iron responsive element
N =

0 IRE are also presented in other mRNAs, most of
them are related to iron metabolism

0 A computational method to identify all IREs over
all mRNA sequences.

0 This may allow to discover new additional RNAs,
regulated in the same way as ferritin and Tfr.



RNA secondary structure
N

0 Alignment-based method (Dynamic programming)

S AucGaugcu?

> >

MASTER ACAGCUGAUlcuGeccAlcucaAau---lGGecGGlAuCcGAUGCU
[ T IR Frrrini
SLAVE AGCA--UGAU[GCCCUAICUCGAUAGUUAGGAC|JAUCGAU - - -
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RNA secondary structure
N

Table 1. Nearest-neighbor parameters for DNA/DNA

0 Energy minimization method duplexes in 1 M NacL*

Nearest-neighbor sequence | A [J° AS | AG'w

O A structure with the minimum free e s e
energy (kcql/mo]) ATITA 301 | -854 | -367
TAIAT -30.1 -80.1 -2.50

O Energy minimization using nearest- caleT -6 | -850 | -6.42
. . . GTICA -351 -93.7 -6.09
neighbor model of nucleotide stacking . oo are | ea

(m] : The interaction sAeT 43| 7929 | 7o
CGIGC —44 4 -1138 -9.07

between bases on different strands depends e “10 | —1021 | o
somewhat on the neighboring bases. eeicc 336 | -833 | -7.66
Terminal A-T base pair 9.6 17.2 431

Terminal G-C base pair 0.4 -11.7 4.05

U I

5' C-G-T-T-G-A 3'
3' G-C-Aa-A-C-T 5'
The free energy of forming this DNA from the individual strands, AG®, is represented (at 37 °C) as
AG®37(predicted) = AG®:7(CG initiation) + AG®:7(CG/GC) + AG°z(GT/CA) + AG°::(TT/AA) + AG®z(TGIAC) + AG®::(GAICT) + AG®:-(AT initiation)

4.05 + (-9.07) + (-6.09) + (-4.26) + (-6.12) + (-5.51) + 4.31 (kJ/mol)



|dentifying the iron responsive element
N =

0 CAGUGN loop sequence

0 The conserved base-pairing pattern
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FIL FIH e-ALAS ACO2 FPN HIF2aplha
Human / mouse Human / mouse Human / mouse Human & mouse Human & mouse Human & mouse

Irom storage Heme synthesis I'CA eycele Iron export Oxygen sensing



#!/usr/bin/python

def findstem{strandl, strand2):
tag = 1
for j in range{0, 5):
basel = strandl[]]
base? = strand?[4 - j]
if not pair({basel, base):
tag = 0
if tag = 1:
urn 1

T pair(basel, baszel):

if basel 4 based == "C'
or basel == based == 'U" &
or basel = based == 'U" 4
or basel == based == 'G" &
or basel = based == 'L" Y
or basel 4 base2 == "G":
return 1

seq = "GAGAGCAGUGEGEEUUICCUGCUUCARCAGUGCTTGEACGEARCCOGECGCUCEIUCCCCA
or 1 in range(0, len({seg) - 1a):

teat = seg[i:i + 1l&]
if test[5:10] == "CRAGUG':
strandl = test[0:3]
strand? = teat[1l1:14]
if findstem{strandl, strand2):
pos =1+ 1
print "match at position', pos, ":'
4 T test
print "<—----CRAGUGN----3>"




String comparison
N

if 'a'=='a': print 'True'

else: print 'False'

if 'a'=='A': print 'True'
else: print 'False'
[jwnam@biglab-master Session5]$ python stringcomp.py

True
False



#!/usr/bin/python

ire.py

findstem{strandl,
tag = 1
for § in range{0, 5):
basel = strandl[]]
base? = strand?[4 - j]
not pair({basel, basei):

strand2):

tag = 0

if tag = 1:
return 1

pair{basel, baszel):

if basel 4 based == "C'
or basel == based == 'U" &
or basel = based == 'U" 4
or basel == based == 'G" &
or basel = based == 'L" Y
or basel 4 base2 == "G":
return 1

seq = "GAGRGCRGUGGGEEUUIUCCUGCUTCARCAGUGCTUGEACGEARCCCGECGCUCGUUCICCA

[jwnam@biglab-master Session5]$ python ire.py
match at position 23 : for
UUCAACAGUGCUUGGA

<----CAGUGN---->

i in range(0, len{seqg) - 14):
teat = seg[i:i + 1l&]
if test[5:10] == "CRAGUG':
strandl = test[0:3]
strand? = teat[1l1:14]
if findstem{strandl, strand2):
pos =1+ 1

"match at position', pos,

4 T test
print "<—----CRAGUGN----3>"

Tar




#!/usr/bin/python

[ ] d=f findstem({strandl, strand2):
I re 2 leftPar = ''; rightPar=""'; pairNum=0
L for j in range{0, 5):
basel = strandl[]]
if not pair(basel, base2):
leftPar+="."; rightPar=".'"+rightPar
=: leftPar+="("; rightPar=")'+rightPar; pairlum+=1
return leftPar, rightPar, pairNum

def pair({basel, basel):

if basel == "G' =nd base2 == 'C" %
or basel = 'G5 1 base2 == 'U" %
or basel == "4' 1 basez == 'T'
or basel == 'C° 1 base2 == "3' %\
or basel == 'U' 71 base2 == "R" %
or basel == "I’ 1 base2 == "G':
return 1

seq = '"GRGAGCRAGUGEEGEIIUCCUGCUICARCAGUGCADGEACGERACCCGGCGCUCGUUCCCCAY

for 1 in range({0, len(seq) - 1&):

teat = segi:i + 14&]
1 test[5:10] == "CRGUG":
strandl = test[0:5]
gtrand? = test[11l:14]
leftPar, rightPar, pairNum = findstem{strandl, strandz)
17 pairNum»=4:
pog =i+ 1

[jwnam@biglab-master Session5]$ python ire2.py print 'match at position’, pos, ':7
match at position 23 : R teat )

¢ leftPar+'"CAGUGN"+rightPar
UUCAACAGUGCAUGGA
((((.CAGUGN.))))
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