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 Hemo-globin

 Hemoglobin the iron-containing oxygen-
transport metalloprotein
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Table 1. Selected hemogiobins illustrate the diversity of proposed functions and regulation

Class Exemplary gems Hemoglobin Rzgulation Function (demonstrated and proposed)
Vertebrate  Homio HbA Hypoxia-mduced increase in Oxyvgen transport between tissues
production of erytiropoietic,
which stimulates proliferation
and differentiation of erythrond
precursars, the progeny of which
express Hb af a high level
Plant Glyeine Lb Modulin-specific increase in transcription Mazy sequestsr oxygen away
from nitrogenase
Mzy transport oxvgen to electron
transport chain in nodule
Plant Glycine Nonsymbiotic Hb  Induced by hypoxia® Intracellular oxygen movement
Alga Chlamydomonas L1637 Hb Light-induzible exprassion in chloroplast Oxygen bound to LI637 Hb can be
reduced. It mayv serve to accent
electrons, sequester oxXygen of
deliver oxvgen inside the organelle
Fungi Saccharomyces  YHB (a flave- Induced by high levels of oxvzen or Can transfer electrons from NADPH
temoglobin) reactive oxXygen species, or by fo0 heme 1ron
blocking electron transport Mzy serve to protect from oxidative
Fepressed by hypoxia stress
Induction 5 mediated by the transcriptien
factors HAP1 and HAP2/3/4
Bactenia Alcaligenes FHP (a flavo- Induced anaerobically Proposed electron tramsfer
temoglobin) Fromoter contains a potential Possible role in anaercbic metabolism,
binding site for Narl and FNR perhaps gas metabolism duricg
denitrification
Bactcna Vitreoscilla Hb Induced by hypoxia Can serve as termunal clectron

Fromoter contains binding sites for FNE

acceptor during respiration
Mzy scavenge oxygen




ALVVIAWAVMEENSA

ELGLOFFLEIFEIAFE

A helix---------- =B helix---------- =C helix= I helix=E helix--- ------=-=------ =
1 15 1& 33 31 45 46 60 &1 75 76 90
E F "H*

humhbl ------- VHLTPEEE SAVTATWIEVH- -V EVGGEALGRELLVVYPE WTQRFFESFEDLSTE DAVMEMEE- - - -VER HEEEVLGAFSDELAH
humhbkg ------- GHFTEECE. ATITSLWFEVH--VE DAGGETLEZELLVVYFE WTIMRFFODSFGEHMLISSA SATMEHMEE----VLA HEEEVLTSLIEDATEH
________ T =BT PIFE ) L T T St = E . E FRFRE L Ty S — SEECN SR =, T =g -, T .
humhkbz -------- SLTETER TIIVSMWAKISTOQAD TIGTETLERELFLSHF QTETYFFHF------ DLHPZS3A0- - - -LEA HESEVVAAVGEDAVES
goyhbn --1TLUITLERLEFoEREGE ALVVESWHVEEENS BEL-LEFFLEIFELAEY SaALRLFSFL------ FELUSTY EPLEUNEELEE K
SAFMLFSYL------ HATTVFVMTCESAWV

e

3
——————— =) = F1) P ——==== LFAELVEDSASD 7
pealkl -------- GFTDECE ALVHSSSE-FEQMLE GYSILFYTIVLEEAP AAKGLFSFL------ FEDTASVEDS-PELQA HAEQVFRZLVEDSAAD T4
vtiHE: @ -------- MLAEETR SITEATVEVLEQZET VITRETFYEMMLTEHT ELLNIFNET-- - --- NOEVGAOP - - - -N-2 LATTVILAAAKMIDDL Tl
bacfhk -------- MLOMETI EITESTVEVLQOHZE TITERFYCEMEQDHE ELLMIFMNOT------ HNOEEETOR----T-2 LAMAVIARAAMNIDOL 71
witrhk -------- MLDQODTI NITEATVEVLEEHSZYV TITTTFYENLFAKHE EVEPLFOMG------ REOESLEQP- - --KE-& LAMTVLAZAQHT ENL Tl
alecfhl -------- MLTQETE. DIVEATAFVLAEHZY DIIECFY_EMFEAHE ELFMVFNMA------ HOEQE - - - -0 -2 LARAVYAYTAENI EDE Tl
ascehlk ----- SANETRELCM ESLEHAEWVDTEMEAER QDGIDLYFHMFENYEF PLREYFEMNE----- E EYTAECVONDEFFAE QGOEILLACHVLCAT a0
prtochl --AILASASETRELCM ESLEHAREVGETSEEAE QDGIDLYEHMFEHYE AMEEYFEHR----- E WYTPADVOEDPFFIE QGUMNILLACHVLCAT a2
cashl]l ----- HECEISDLIV ESLEGEMVETEACDHI ENGHAFYRYFFTHFE DLEVYFEGA-- - -- E EXTADCWVEESERFDE QGORILLACHLLANY a0
tetrhlk ---------- FMERF, TIYEELGE- - -EMAM EAAVPLFYEEVLADE RVEHFFENT--- - -- - -DFMDHOT- - - - - - E QOTDFLTMLLGGEEFNH a3
chls27 - —---—------ RECPS ELFARELGG---REAYV EARVDEFYHEIVADE TVETYFSMT------ --DMEVOR------ 5 EQFAFLAYALGGASE a3
L qosthk - MS TIYDNIGE---OFPAT BOVVDELHERTATDS LLAPTFAST-- - - - _ - AR e m e - AT A ) ) '
humecye -------------- M GOVEESEEIFIMECS QCHTVEEZEZEHETEZEF HLHGLFGEE------ ---TERAF------- -EYSYTARNENESZIT =3
F helix- ------ = G helix-------—-—---- = H helix ---------—---- =
@1 105 106 120 121 125 134 150 151 165 1e4a 176
H AW
humhbl LOMLESTFA- - - ——— TLEELHCDELHVDPE -NFRLLGNVLVCVLA HHFSKE- - FTDEVOA AVQEVVACSVAMALAH EYH- - - - - 145
humhlkgy LDDLEGTFRA- - - - -- OLEELHCDELHVDEPE -NFELLGHMVLVTVLE IHFZEE--FTPEVOLR SWOEMVTCVASALES EYH-------- 148
humhlks VDDHMFHALS - ----- ALSDLHAHELEVDEYV -NFELLSHCLLVTLAR AHLFRE--FTFAVHAR SLDEFLASVETVLTS EYR-------- 141
humhlkz IDDIGGATS------ ELEELHAYILEVDEYV -NFELLSHCLLVTLA ARFPAD--FTAEARHAR AWDEFLEVVEEVLTE EYR-------- 141
govhbn LEEASEVIVEESHLE ELGATHFRETGEVANE- -HFEVTEFALLETIE EAVFEM--WEPAMEN AWGEAYLOLWVDATES EMEFFSS5---- 1&0
parhkbn LEEAIZEVTVEESDLE RIGATHFETGEVWVHE- -HFEVTEFALLETIE EAVEEM--WSPEMEM AWGVAYDOLVARTIEF EMEFSST---- le2
goyllke LETHETVVA----D& ALWVEIHAOHAVTDE- -QFVWVEEALLETIE EAVEZEN--WSDELSS AWEVAYDELAARTIEE A---------- 143
p=alkl LETHEZEVVLG- - -HA TLEATHVOESVTHE- -HEVVVEEALLOTIE EASGHHN--WEEELNT AWEVAYDGCGLATATEE AMETA------ 147
yoiHE: SVLMDHVED------ -IGHEHEALQIEFE- -HYPIVGEYLLEAIE EVLGDA--ATPEIIN AWGEAYOARIADIFIT VEEK------- 1349
bacfhlk GHITIFVWVE)------ - IGHEHESIGIEFE- -HYPIVEEYLLIAIE DVLEDA--ATPDIMC, AWEFAYSVIADAFIG IEKDM------ 140
wvitrhl PATLFPAVEE------ - IAVEHCORGVARR - -HYPIVEOELLGAIE EVLEDA--ATDDILD AWGEAYSVIADVEIC VEADLYRQAVE l4a
alcfhl MELMAVLEMN------ - IANEHASLEVEFPE- -QYPIVGEHLLAATE EVLGHMA--ATDLDIIS AWAQAYSGHNLADVIMGEG MESEL------ 140
aacehk YODREETFHAYTE--- ELLORHARDHVHME- ---PEVWIDFWELFE EYLSEETTLODEPTED AWHEISREFAEEINE HORHA------ 1E3
ptnochl YODDRETFOAYWE- -- ELMARHEEDHVEIF- - --HOAWWHNHFWEHFI EFLGESETTLDEFTEH AWQEIGEEFEZHEISH HGERHS------ 1E5&
cashkbl YTHEEVFEGYVRE--- ETIHNEHEIYEMDEA- ----- LWMAFFTVFT GYLESVEILMDOOER AWHMALZKEFMAESCOT HLEHS------ 151
GEMMIES - - - - —— - — - — - HE GMMLOMI,- -HFEFDA ENLAATLE ElLiGG----- VTDAEVIN EAAKVIEHTEEDMIG KE- - - - - - —— -
chls27 WEGEKDMETA------ - ---- HEDLWVPHLED VHFOQAVARHLEDTLT ELGVEE---ED-ITL AMAVVASTRETEVINM POO-------- 12&
L nosthle YOORPMDET - — - — - — — _ _ _ HlﬂT.m-QI:EI'D— ~-HEFDATEAEFKEHLOEAME VEROVS-_ - - _AFDTES ATLTEVIMNMESATTIMNE - - - - - - — — — — 118
humcye WEEDTLMEY - - ———— ————— LEND--———o ——oeem KEYIDETEM IFVEIK---KE---E ERADLIAYLEKATNE --------——- 105



=== [0

+__________________._______

+----08-4

=

humhbk

humhbg

I
I
I
I
-4 e —————-
I
|
I
|
+

$------—t

e - -

+_________._______

+---100--+

$m---98--t

-

+---B0--+
$mmmmm- -t

+_________._______

. T B

e - -

humhba
humhbz
soyhbn
parhbn
aoylbo
p=albl
pgallia]

bacfhb
vitrhb

alcthb

+-------
|

=100 -+
+_______

o ————
+-------4
+-------
----00--4

o —————————— -

o

-+

e

agcehb
prnohl
caehbl
tetrhbk
chl637
nosthlk

humecy e




. Lignin peroxidases
~_ > Cytochrome b562
Phycocyanins < “* Other hemoproteins

Ancestral Hhgene B I I W or EEEE o EEEE |

1800 Myt

Bacterial Hb genes

7
1 lamliaamar /
AlCIZEneES R FAD |
= ;
j
.
II'

B3> El4 FO Algal Hb gene
H NN © ¥ N

Chiamvdomonas

-F:-'. Protozoan Hb gene

Paramecium

FAD: flavin-binding domain

Myr: millions of years ago




_ ——  raramecium
Bl12 E? G6

1500 Myr é\
-

Plants | ‘g'/ Animals
Bl12 El14 G6 Bl12 E8 6 _
B 7 BT & B B W Nematode

Lose central mntron

670 Myt
Arthropod {@\ Annelid
yid 0 I EEE

TN F N M

Vertebrate
B &

X 450 Myt

B &
I «-globin gene  [-globin

Nonsymbiofic Symbotic Hb gene
Hb gene

Y

SO My
Monocot 2 &,

B o Dot

¢‘ NEEEN * , gene \
v v Y /

Monocot Dicot Insect Mamumal o Earthrworm
nonsymbiotic symbiotic Chironomus Homo Lumbricus
Hordewm Glycine Nematode Mammal
barley Hp Dicot soybean Lb  peoydoterranova Homo

nonsymbiofic

Glycine

soybean Hb



Mammals LR =TT ° B Human [
3/
. \
" H 4
p Buts HSs . En E_ Chicken f
pro-e/f pro-odf
2\ i
Lo
oo fR E \
j ES40 O 0 we wo oo d
Auncestral /- s W Y Human o
jawed
vertebrate 4
L L A zA sL gl
o oo PP Xemopus
Fish
a0 p o H
\ o a B E' — l:l ﬂ Zebrafish




El%/)?ﬁ‘ﬁﬂ\ ZERFHL. DIREAHIG: &
DAL R E I

?ﬂ?%H:

—k‘ A)

1¢- FCTE T~ R/

%&E SR

15

A P2 AR ) BB 3
AV :I?_El/fﬂ:%'zml‘

H B, E

FERIARAL . WA T 81421




Proximal regulatory region Gene Enhancers
. . : AR N
AAATGG by CTCCC  GAAGAG  [LTrmmy| Seybean nonsymbiotic Hb
Ny
Noduln boxes
_|AAAGAT | K |CTCTT Soybean symbiotic Lb
NF1 | GATA{{BBIBP EKLT |-{CP1 ||BDRF RDRF |7 w’ Human f-globin GATA H GATA H caTA
—HOXB2—— GATA| Octl HCACBR MEZ¥|CPL (S0 |SSF '['Fﬁ:h Human y-globm GATA|HOXB2|GATA| GATA
-..,rl-'l-_ ':: P' 3 .ﬁt&pl 'nl.FE
VY1 GATA|EHGAT: ssel{spt L{cp1 | TFID Y Humene-globin
SRR
Ao , _
= BGP1 [~ FAL CACEP CPl NFE4 HTFIDH Chicken f-globm FAL | NFE? CACBP |GATA|GATA
GATAI
Spl Sp1 cPl | |, -
P F Y TFJ]E}J Human o-globin
HAAA
- Cpis 1sland -




0 20 | 80 kb
DINAase HSs

VYYY T = Gy Ay ¥ - CpG islands

T I | | | I [] S B = A+T-rich
LCR L a3 = Open chromatin only

.I' _ VoS _ in erythroid cells
Embryonic Fetal - = Early replication only
Embryonic in erythroid cells

Locus control region 15 needed to:

= open a chromatin domamn in eryvthrosd cells
= express linked globin genes at a high level
* override position effects in transgenic mice

¥ . g - Has CpG islands
i . i = (= -rich

* Open chromatin in
all cells

= Early replication in
all cells

HS-40 I
Embryonic Adult + Fetal =

Embryonic
H5-40 15 needed to:
- express linked globin genes at a high level
- override position effects 1In fransgenic nuce
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Otto Funke

was a German who was a native of

Otto Funke (




Max Ferdinand Perutz,

(May 19, 1914, Vienna, Austria — February 6,

2002, Cambridge, UK) was an Austrian-British
molecular biologist

At Cambridge he
supervised the
PhD work of
Francis Crick and
James Watson in
the Cavendish
Laboratory as they
determined the
structure of DNA
in 1953
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Figure 2. Fo — Fc omit map contoured at 3.0 o
depicting the area immediately surrounding the
mutant valine from the 2B2S chain. This residue
is involved in lateral contact 1 of the crystal
structure. Below and to the right of the centrally-
located valine side-chain is 181S Phe85, part of
the hydrophobic patch from a second tetramer
with which 2B82S Val6 interacts. Three water
molecules are also visible to the left of the valine
side-chain. (Figure generated with O, |

-

Figure 3. Two depictions of the double strand of hemoglobin
molecules found in the crystal. On the left, the strand is shown as
a transparent molecular surface, with heme groups colored red,
and the mutant valine residues blue. In the representation on the
right, the protein backbones are shown as white coils, with the
color scheme for heme groups and mutant valine residues
remaining the same as the left. The axial contacts are located
between molecules within a single strand in the vertical direction.
Lateral contacts involving the blue valine residues act to associate
the two single strands into the double strand. (Figure generated
using GRASP, | ]).
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