Mainz 12/2006
% 84 . ._ %
Q‘ i P
F h:

Neuroglobin and Cytoglobin:

"Fresh blood" for the
vertebrate globin gene family
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The task...
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The problem...
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large cell, e.g.
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erythrocytes
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10 x distance > 100 x time

One solution (among others)...
Respiratory proteins

{O © ' CuB CuA

Hemoglobin Hemerythrin Hemocyanin

LP in bacteria, protists, fungi, plants, invertebrates, vertebrates




The Respiratory Proteins of
Vertebrates nti 2000)

Tissue Globin Function

." Hemoglobin = O,-transport
\ &e\ : = CO,-transport
e = NO-detoxification
blood AL = NO-transport (???)

Myoglobin = O,-storage + supply
= Intracellular O,-

:ﬁa diffusion (7?)

« = NO detoxification
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"It sounds like the irony of fate that | have been prescribed
nitroglycerine internally. They have named it Trinitrin in order
Your affectionate friend,

A. Nobel"

Antibacterial defense
in makrophages




Hb functions in NO homeostasis

NO is normally
produced by
controlled endothelial NO-
vasodilation synthase (eNOS)

Myoglobin facilitates oxygen diffusion’

MARC W. MERX, ULRICH FLOGEL, THOMAS STUMPE, AXEL GODECKE.
ULRICH K. M. DECKING, AND JURCEN SCHRADER®

Instinu fir Herzund Kreislaufphysiologie, Heinrich-Heine-Universitit Dilsseldoid, Germany
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Figure 3. Myoglobindfacilitated oxygen diffusion. Myoglobin
is loaded with ooygen at the sarcolemma where PO, s high
and sheds ceoygen at the mitochondria where POl s low,




PNAS 98 (2001) 735-740
Myoglobin: A scavenger of bioactive NO

Ulrich Flogel, Marc W. Merx, Axel Godecke, Ulrich K. M. Decking, and Jurgen Schrader*

Institute for Cardiovascular Physiology, Heinrich-Heine-Uiniversity, 40225 Dosseldorf, Germany
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Fig. 6. Schematic drawing summarizing possible interactions of the differ-

ent Mb compounds with Oz and NO. For adetailed discussionrefer to thetext.
Cap., capillarg: Endo., endothelium; Mito., mitochondrion.

Some of the human disease genes
that are absent in Drosophila reflect clear
differences in physiology between the two
organisms. For instance, none of the hemo-
globins, which are mutated in thalassemias, See:
have orthologs in Drosophila. In flies, oXy- & Hankeln
gen is delivered directly to tissues via the
tracheal system rather than by circulating
erythrocytes. Similarly, several genes re-
quired for normal rearrangement of the im-
munoglobulin genes do not have Drosophila
orthologs.

SCIENCE VOL 287 24 MARCH 2000y,




BLAST: Drosophila-Hb vs. Mouse ESTs

Dat abase: GenBank Mouse EST entries 1,758,095 sequences; 629,105,611 total letters

dbj | AU0O36042. 1| AUD36042 AU036042 Sugano npuse brain mmcb M. .. 41 0.003
gb| BE648697. 1| BE648697 Ul - M- BGl-ai d-e-09-0-Ul.r1 NIH_BVAP_M . . 37 0.045
gb| AW548186. 1| AWb48186 LO032E08-3 Mouse E12.5 Fenml e Mesone. . . 32 0.89
gb| AW646198. 1| AWb46198 LOO05A02-3 Mouse E12.5 Fenml e Mesone. . . 32 0.89
gb| AW648428. 1| AWb48428 LO036F07-3 Mouse E12.5 Fenml e Mesone. . . 32 1.1
emb| AL362383. 1| AL362383 AL362383 | CRFp 522 and 523 Mus nusc.. . 32 1.3
etc. .

Al'i gnment s>

dbj | AU036042. 1| AU036042 AU036042 Sugano nmouse brain mmcb Mius nuscul us cDNA cl one MNCb-7114.
Length = 740 Score = 40.8 bits (126), Expect = 0.003

Identities = 33/154 (219%, Positives = 63/154 (40%, Gaps = 5/154 (3%

Frame = +3

Query: 1  MNSDEVQLI KKTVEI PVATPTDSGAAI LTQFFNRFPSNLEKFPFRDVPL- - - EELSGNAR 57
M E +LI+++W+ +P + G + +F PSL F + E+ +

Sbj ct: 156 MERPESELI RQSWRVVSRSPLEHGTVLFARLFALEPSLLPLFQYNGRQFSSPEDCLSSPE 335

=

Query: 58 FRAHAGRI | RVFDESI QVLGQDGDLEKLDE!I WIKI AVSHI PRTVSKESYNQLKGVI LDVL 117
F H +++ VD ++ + DL L+E T+ H V. S++ + 4L 4L
Sbj ct: 336 FLDHI RKVM.VI DAAVTNV- - - EDLSSLEEYLTSLGRKHRAVGVRLSSFSTVGESLLYM. 506

Query: 118 TAACSLDESQA- - ATWAKLVDHVYAI | FKAI DDD 149
A W+L V. ++ D+
Sbj ct: 507 EKCLGPDFI PAI RTAWSRLYGAVVQAVSRGWDGE 608 etc...

=> with BLOSUM45 matrix to identify distant proteins

2000: Neuroglobin
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=mainly expressed in CNS,
PNS + endocrine systems

Burmester et al. (2000) Nature 407, 520-523
Reuss et al. (2002) Neuroscience 115, 645-656
Wystub et al. (2003) Neurosci. Lett. 346, 114-116




Neuroglobin function?

neuron

/ f b@ da@\ a. O,- supply
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LI L AL AL L) d. ROS detoxification
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How to assess Neuroglobin function?

> phylogeny
» structure
> kinetics

> localisation

> cell culture

> efc...

> expression regulation

> KO + transgenics
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Neuroglobin
evolution

* Ngb groups with "Nerve-Hb"
of Aphrodite (Annelida)

* Ngb is much older than
500 million years

« evolution rates:

Ngb: ~ 0.4 x 10-%/aalyear
Hb: ~1.2 x10%aalyear
Mb: ~1.1 x 10%aalyear




Invertebrate nerve hemoglobins

Where? P, (0,
' - Aphrodite aculeata (Annelida) glia cells (+) 1.1 Torr
v Cerebratulus lacteus (Nemertini) giiacells (+) 2.9 Torr
- Spisula solidissima (Bivalvia) gliacells (+) 2.3 Torr
- Tellina alternata (Bivalvia) gliacells (+) 1.3 Torr

- Aplysia depilans (Gastropoda) neurons 4 Torr
- Lymnaea stagnalis (Gastropoda) giiacells (+)
: - Planorbarius spec. (Gastropoda) giia cells (+)
W N - Helix pomatia (Gastropoda) neurons

. | - Cepaea nemoralis (Gastropoda) neurons
Tellina

I I QI (+) = high concentrations

Review: Wittenberg 1992

Ngb Mb
structure monomer mohomer
MW 17 kDa 16 kDa

O, affinity ~1Torr ~1Torr
(Pso)

Pesce et al. (2003) Structure 11, 1087-1095
Dewilde et al. (2001) JBC 276, 38949-38955




Ngb
expression
is neuronal

rat primary
hippocampal
cell culture
(17/18 dpc)

Laufs et al. (2004) Neurosci.Lett. 362, 83-86

Neuroglobin in the retina

Ngb Western blot mRNA Protein

26.6—

17.0— = a»
14.4—

total retina
extract:
>100 uM !

Schmidt et al. (2003) JBC 278, 1932-1935




Neuroglobin and mitochondria

aNgb aCytochrome ¢
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Ngb in the avascular retina
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JBC 278, 1932-1935




Ngb function in the retina

* expressed strongly enough to possibly sustain
intracellular O, supply!

¢ localized near, but not in mitochondria

o

P&

2 NADH/H™ + ©, 2 H,0+2NAD

mt-spgcific ROS?

..and Ngb in the brain?

,,Ngb must be a pseudogene,
because as we all know,
our brain 1s white*

an anonymous Reviewer




Ngb expression is conserved in fish

F “TOO” ™ brain

olfactory
bulb

retina
=4 ’:i_,, ‘ gills

Christine Fuchs, Valeska Heib, Anja Roesner

Medial
nucleus of

Lateral
superior 3
olive ' L the

Stefan Reuss, Marco Hill

b it .= trapezoid
: 2 g ' body/

Ngb expression correlates
with high metabolic activity

dorsal raphe
(same slide)




@ What happens to Ngb
under pathophysiological stress?

* hypoxia in vivo?

e ischemialreperfusion in vivo?

e severe ROS stress in vitro?

@» Ngb is slightly down-regulated
upon hypoxia in brain

R

T T Safiata
| LH Ngb expression under short-term
9 severe hypoxia (8% Oxygen, 4h)
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J 120% : £
/| Mgeos| | 100 : . /Hypox
oo Al ISEES e 0 L. B T
5 o om E
o EHypoxic Brain
40% +—— :
20% +—
0% —
e Spalax (2n=60) © Rat -
Spalax Rat

Frank Gerlach, A. Avivi, E. Nevo




&»  Global brain ischemia

6 h reperfusion

10 EX 1
realtime RT-PCR
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Conclusions so far...

Neither severe artificial, nor pathophysiologically
relevant ROS stress after ischemia-reperfusion
have any stimulating effect on Ngb regulation in brain.

Neither does have systemic hypoxia.
This may not be too much surprising after all,

2 since our brain has not evolved to fight these
f challenges very efficiently!

What about more ,natural‘ challenges by hypoxia or ROS?

What happens during
mouse brain development?

o
e

1 7 9 1 13 15I7INEEEN1d  S-1id NCHE

Fetus Newborn Juvenil Adult

hypoxia tolerance

SOD activity
ROS

Gpx activity




Ngb expression in mouse

development

Realtime RT-PCR
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Ngb in the hypoxia-resistant

mole rat Spalax

* 7% O, and 6% CO, in underground burrows!

* survives 3% O, for >14 hrs without damage!

Frank Gerlach

Coop. Aaron Avivi, Eviatar Nevo (Haifa)

_—. Spalax constitutively expresses
4 more Ngb mRNA in the brain!

350%

300%

250%

200%

150%

100%

expression relative to rat normoxic

50%

0%

** p<0.01

I normoxic

W 5h, 6% O,

§22h, 10% O,

C144h, 10%0,

Ir

*p<0.05

(*)p<0.1

S. judaei (2n=60)

most
hypoxia-
resistant
Sub-species

7

S. galili (2n=52)




Ngb function(s)...

o, o,

f‘\‘eg,r
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2NADH/H + 0, 2H,0+2NAD

...have been strongly selected for
by evolution

...are +/- constitutively working
(= house-keeping)

...occur predominantly in metabolically
most active neurons

...are coupled to the presence of
mitochondria and oxidative metabolism

regional short-term O, buffer or
safeguard of mitochondria against ROS or NO

=Ngb protects neuronal cells
from hypoxic stress

Sun et al. (2001) PNAS 98, 15306-15311
Sun et al. (2003) PNAS 100, 3497-3500
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Go back, Jack, do it again

(Steely Dan, 1975)

Basic BL:

T

| Clear Input | | Advanced BLASTI

Message
of the day ...

Sequence submissions
to Genliank: Choose program to use and database to search:

b subl@nchi.nlu. nil. gou
Program [ thlastn 4 | Database [mouse ests %]

NEW Tio sz She Fumsn Genome sogiiances, o Lo Bhe lmsir genoms Blast paoe

Click here for a description of the BLAST gueusing system

O Perform ungappsd alignment
M Perform CDD Search (proteins only)

The query sequence is M filtered for low complexity regions by default
Enter here your input data as [Sequence in FASTA format i] [Search]
MNEDEVOLIKETWEIPVATPTDEGAATILTOFFNRFFENLEEFFFRDYPLEEL S3GHARFRAH [ = %

AGRIIRVFDESIOVLGODGDLEKLDEI WTE AV SHIPRTY SEESYNOLEGVILDVLTAACS| |
LDESOAATWAKLVDHVYGIIFEAIDDDGNAE]

2001: Cytoglobin

AL A AAAL)
HsaCYGE MEKVPGEMEIERRERSEELSEAERKAVQAMJARLYANCEDV,
MmuCygh MEKVEPGDMEI ERRBR5ZELSERERKAVQJ\T*ARL‘!AHCBDV
DreCygbh -- —HEGDGGVQLTQSPDSLTBEDVCVIQDT‘R EVYAERDNA

do {1 € )

HMEDPLEMERSPQLRKEACRVMGEILNTVVENL
HMEDPLEMERSPQLRK CRVHGHLNTVVEHL
ELQDPAEMQQNAQLKK QRVLNHLNTLVBN:.

LzaHbA ****HE’IVDSGSVGAISAAEKSLIVSA!APVYAKYEEA GLDSADQLKKSPAVRWIHAERII NDAVVAM
HsaMB e e e e HGLSDSBWQLVLNV-‘GKVBAD IPGH HLKSEDEMEASEDLKK ATVLT“LGGILKKK
HsaHBA - 7MVL$PJ\DK’L‘HVK)\3‘ GKVGRHAGEY, ~-DLSH--~~-~- GSAQVEKGE KEVADILTNAVARV
HsaHBB -----==-=-==-=-==-== MVELTPEEKSAVTALGGKV--NVDEV DLSTPDAVMGNPREVKA] KKVLG&FSDGLAHL

w

HsaCYGE HDPDEVSSVLALVGEAZALKHKVEPVYFKILSGVILEVVAEEFASDF-PPETQRAWANLRCLIYSEVTAABKEVGWVQQOVPNATTPPATLPSSGP 190
MmuCygb HDPDEVSSVLALVGKAALKHKVEPMYFKILSGVILEVIAEEFANDF-PVETQKAWASLRGLIYSHVTAAKEVGWVQQVEPNTTTPPATLESSGE 190
DreCygb RDADKLNTIFNQMGKS ALRHKVDPVYFKILAGVILEVLVEAFPQCFSPAEVQSSWS JLMGILYWQMNRVI4AEVGWENSKK=======ccuccax 174
LzaHbA DDPAKQSLQLKELSQK 153

HsaMBE GH---HEAEIKPLAQS: 154
HsaHBA DD---MPNALSALSDL 142
HsaHBEB DN---LKGTFATLSEL] 147

< 32% identity with myoglobin
< 30% identity with hemoglobin
additional exon at C-terminus!

Kawada et al. (2001) JBC 276, 25318-25323
Burmester et al. (2002) MBE 19, 416-421
Trent & Hargrove (2002) JBC 19538-19545




Evolution of Globins

chromosome 11
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globin

Cygb structure & ligand binding

Human Mb Human Nghb Human Cygh
Monomeric, 16 kDa Monomeric, 17 kDa dimeric, 2x 21 kDa
Py, (O,) ca. 1 Torr P, (0,) ca.l Torr P, (0,) ca.1Torr

Hamdane et al. (2003) JBC 278, 51713-51721
De Sanctis et al. (2004) JMB 336, 917-927




Cygb expression pattern
is cell type-specific
Cygb is expressed in

hepatic stellate cells,
but not in hepatocytes!

Schmidt et al. (2004) JBC 279, 8063-8069

A possible function for Cygb
in fibroblast-like cells?

Cygb
¢ O:@J
0 AW
J' '~
'} ’ § h" |
'l. -l H
Collagen- Prolyl O
hydroxylase Collagen

Does Cygb supply the prolyl-hydroxylases with O,?

Hankeln et al. (2005) J. Inorg. Biochem. 99, 110-119




A second function for Cygb in
the CNS?

Cvab is eﬁ(pressed in some (hut not all)
neurons of the CNS

=> Cytopiasmic and nuclear staining!

Schmidt et al. (2004) JBC 279, 8063-8069

Cygb co-localizes with nNOS

Cygb

S. Reuss,
S. Wystub




retina

-~ Hoechst

no indication for respiratory function!

Schmidt et al. (2005) Neurosci. Lett. 279, 8063-8069
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1000 = ancestral globin

Anja Roesner, Christine Fuchs
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