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B 2014 rogy ncnonHmnocb
150 neT TepmMuHy «l'emMorrnoduH»



OomeHunko N'ycmaHo MAJIEALILLA
(1686-1775)
YcTaHoBuI Hann4due xernesa B Kposu (1746).

BuHyeHuo AHToHno MEHI MHA
(1704 — 1759)
[Tokasarsn, 4To Xene3o COOAePXUTCA B KKPACHbIX
Kopryckynax» (aputpountax) (1747).

Menc Axkob BEPLIENNYC (1779 — 1848)
rnokasar, 4To xenesocogepxawmn KOMMOHEHT
remornobuHa sensaetcs rematnHom (1831).

ApHcT denunkec Mmmanyun FTOMME-3EVNEP
| (1825 — 1895),
| NPeanoXun TepMuH «FemMorrnobumH», OOHapPYXKUI
xapakTepHble cnekTpbl Hb (1864), paspaboTtan
MeToq 0OHapyXeHus1 kapbokcuremornobuHa
B KpoBu Tpyna (npoba ['onne-3ennepa).
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MCTOPWNA BUOXNMIUNN



B 1897 r. BbIABUHYN
rmnoTtesy O reHeTU4eCKomn
GnnM3ocTu remMornooumHa un |
xnopodumnna. Beickasan |
naero, YTo Ans
rmyookKoro noHMMaHuA
3BOJIOLMN XKNBOIrO MUpa
HeoOxoAMMO cpaBHeHue
XMMUYECKOro cocraBa
KNeTOK U oOMeHa
BeLLEeCTB.

SO oy

Mapuennumn Bunerenbsmosuy

HEHLl,KV||7| JleoH lNaBen )
(1847 - 1901) MAPXJITEBCKNI

(1869 - 1946)

BbigcH1UN XxuMnyeckm coctaB rema.

CoBMecTHO ¢ MapxneBckuM M.B. HeHukun. O buonornyeckux

rnokasarn XYMUYECKOe POACTBO COOTHOLUEHUAX MeXAy KpacsluM BelleCcTBOM
reMorno61Ha 1 Xropodunna NUCTbEB U KPOBU, «KAPXMB 6BMONOrM4YecKux
(1897-1901). Hayk», 1897, 1. 5, c. 304—10.
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Mwuxann CemeHoBUY
LIBET
(1872 - 1919)

PaspaboTtan metoa
xpomaTtorpadpum (1900-1903)
Paspgenun nurmeHTbl nucTa.

B 1900 r. cuutan
JFINLLEeHHbIM JTIOTUKU
coobpaxeHue, 4YTO U3
Kpacsawmx BewecTB
KPOBU U NIUCTbEB MOXHO
NONy4nTb MOYTH
OAMHaKOBbIe AepuBaThbl.
B 1901 r. nuwer o
3amMeyvyaresibHOM
aHanorum mexay
NpPon3BOoAHbIMU
reMorrioomHa u
xnopodwmnna.

He ponyckan
obuiero
NPOUCXOXKAEHUSA
xnopodunna m

remMornoouHa.

Puxapg MapTuH
BUINBLWUTETTEP
(1872 - 1942)
HobeneBckasi npemus
(1915)

«3a uccrnenoBaHUsA KpacsLwmx

BeLLeCTB pacTUTENbHOro
, Mupa, ocobeHHO
xnopodunnar.



KnumeHT Apkagbesund
TUMUPAIEB
(1843 — 1920)

[Mokasan posnb

xrnopodunna B npouecce
dooTOCUHTE3A.

NMopaepxuBan
naen HeHukoro o6
3BONMOLUMNOHHOM
onusocTtu
remornoouHa u
xnopodunna (1907,
1915), B TOM Yncne
MO CreKTpanbHbIM
CBOUCTBAM.




HOOC COOH

XaHc OUNLLEP

(1881 - 1945) > i —

HoGenesckas npemus | o
(1930)

«3a nccnegoBaHuUA No

KOHCTPYUPOBAHUIO reMUHa U

xrnopocunna, ocobeHHO 3a
CUHTE3 reMuHay.
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Mycobacterium tuberculosis Escherichia coli




PNI3NOJTO0T A
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MwuornobunH — xpaHunuuie Kkucnopoaa

Flickr: FootosVanRobin

Oxygen binding by Myoglobin

[>xoH Koynepwu
KEHOPbBIO
(1917 - 1997)
HobeneBckasi npemus
(1962)

«3a uccnegoBaHus
CTPYKTYPbI rNOOYNAPHbIX

oenkoB»

1071

Fractional
Saturation 0.5 1

00K

Pir2 pO, (torr)




[JomMmallHAA CBUHBLSA Kawasnom
(Sus scrofa domesticus) (Physeter catodon)

[nutenbHoe HbIPAHUE — HY>KHO bonbLlue KUCJiopoada —

B MblLLLIAX BonbLue MUornodunHa



Bonblwernasoin TyHewy Mopckasa kambana
(Thunnus obesus) (Pleuronectes platessa)
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AKTUBHOE NnaBaHne — HY)KHO Bbonblue Kucrnopoaa —

B MblLLLIAX BonbLue MUornodunHa




CuHTe3 nsodopmbl MMOrnobMHa B MO3ry Kapna
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Representative O2 equilibrium curves showing changes in the P50 of Mb1
and Mb2 when converted to Mb1-SNO (0.42 SNO/heme) and Mb2-SNO (0.32
SNO/heme), respectively (100 M heme in 50 mM Tris, pH 8.3, 25°C).
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AarocTepuyecKre B3aMMOAECHCTBUA TETPAMEPHOTO
remoraoouHa (Ilepyrm, 1987)

Integrative and

Comparative Biology

[TEPYTII (Perutz), Makc ®epaunan

i 19 mas 1914 1. — 6 deBpans 2002 1.

‘OO(C;P;C)Hg@ HoGenesckas mpemMus 1o xuMum, 1962 1.
(coBmecTtHO ¢ JI>)xonoM K. KeHipbio)

Bonaventura J, Lance V P Amer. Zool. 2001;41:346-359



Makc ®epanHaHi
MEPYTU
(1914 - 2002)
HobeneBckasi npemus
(1962)

«3a nccrnenoBaHUA CTPYKTYpbI
rmooynsipHbIX 6enKkoB»




Xak JlvockeH MOHO
(1910 - 1976)

HobeneBckasi npemusa (1965)
«3a OTKpbITUSA, KacaroLwmecs
reHeTU4YeCKOro KOHTPOJIA CUMHTEe3a

¢hepmMeHTOB U BUpPYCOB»

JaCcQUEs M ONOD

From enzymatic adaptation to
allosteric transitions

Nobel Lectiire, December 11, 1965

Oimer Dimer
(relaxed state) (stressed state) -

L)
: Substrate

Inhibitor
— » 4

. Activator

Activator :

Substrate

Inhibitor

Fig. 6. Model of allosteric transition produced in a symmetrical dimer. In one of the
two conformations, the protein can attach itself to the substrate as well as to the activating
bond. In the other conformation, it can attach itself to the inhibiting bond.
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Fig. 7. Saturation of hemoglobin with oxygen. Abscissa: partial pressure of O,. Ordinate:
saturated fraction. The points correspond to experimental points™. The interpolation
curve was calculated from a theoretical model essentially similar to that of Fig. 6.



Oxygen binding by Myoglobin

Fractional
Saturation 0.5 1

0.0
=)
1/2 PO, (tor)
i . .
oslL L=9054
c = 0.014
B % % % %
pO>

Fig. 7. Saturation of hemoglobin with oxygen. Abscissa: partial pressure of O,. Ordinate:
saturated fraction. The points correspond to experimental points™. The interpolation
curve was calculated from a theoretical model essentially similar to that of Fig. 6.
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Hemoglobin Hiroshima (ﬁm Histidine — Aspartic
Acid): a Newly Identified Fast Moving Beta
Chain Variant Associated with Increased

Oxygen Affinity and Compensatory Erythremia

Howanp B, Hamivron, Iwao [vca, Takaok: Mivagi, and

SusuMu SHIBATA

From the Departmeni of Clinical Laboratories, Atomic Bomb Casualty

Commission,* Hiroshima, Japan, the Department of Clinical Pathology,
Kawasaki Hospital, Okayama, Japan, and the Third Division of Internal
Medicine, Yamaguchi University School of Medicine, Ube, Japan

Apstract During a survey for hemoglobinopathies  abolition of heme-heme interaction. Urea dissociation

in over 9000 residents of Hiroshima Prefecture, Japan,
a fast moving hemoglobin was identified in eight mem-
bers of three generations in a Japanese family. The ab-
normal hemoglobin, named Hb Hiroshima, constitutes
about 509 of the total hemoglobin in hemolysates from
the carriers who have a mild erythremia but are other-
wise apparently clinically unaffected, All preparations
of Hb Hiroshima have increased affinity for oxygen,
by either tonometric or oxygen electrode determina-
tions, At pH 7.0. the oxygen pressure, Pw required to
half saturate an unfractionated hemolysate from a car-
rier was one-half that of Hb A, and the Pw of a puri-
fied sample containing no Hb A was one-fourth that of
Hb A. The pH dependence of the oxygen equilibrium
(Bohr effect) is below normal, as shown by the absolute
value of the Bohr effect factor which is about half that
of Hb A, in the pH range between 7.0 and 7.4. The Hill

and canine hybridization tests located the biochemical
lesion in the beta chain, Fingerprints (Ingram ), carboxy-
peptidase digestion, and amino acid analysis demon-
strated that the substitution was at residue 143 in the
beta chain, where histidine was replaced by aspartic
acid.

In contrast to other recently described high oxygen
affinity mutants that show intact Bohr effects, all three
of the major characteristics of the reversible combina-
tion of hemoglobin with oxygen (oxygen equilibrium,
heme-heme interaction, and pH dependence) are affected
in Hb Hiroshima. A tentative interpretation of these
effects, relating structure to fumction, is offered in
terms of recently developed models of normal hemo-
globin.

constant, », for Hb Hiroshima between pH 7.0 and 7.4 INTRODUCTION .
A
Ag A Hiroshima
HIROSHIMA
CONTROL
- +
pH 8.6

B Hiroshima A

HIROSHIMA

CONTROL

% OXYHENOGLOBIN
5

1
GXYGEN PRESSURE (s Hal

Froume 2 Oxygen equilibria of Hb A, Hiroshima, and an

i 1y inis equal proportions of
Hb A and Hiroshima., Purified Hb Hiroshima from IIla;
unfractionated hemolysate from III, (see Fig. 1). Both
samples, and control obtained on the same day. Purified sam-
ples prepared in the same manner at the same time, and
eluted from the same starch block. Curves determined with
oxygen electrode and continuous recording spectrophotom-
eter at 364 mu. Temperature 20°C, pH 7.0. Pu=oxygen
pressure required to produce 509% oxyhemoglobin

sion at pH 7.5 and 23°C was 5.0 mm Hg compared to
10,5 for Hb A and the Pw for an hemolysate of the mu-
tant hemoglobin was 1.9 compared to 44 for Hb A,
Oxygen equilibria determined by oxygen electrade and
continuous recording spectrophotometry of Hb Hiro-
shima showed characteristics almost identical with those
for suspensions and hemolysates described above. Fig, 2

shows curves for purified Hb Hiroshima and an hemoly-
sate from another carrier (IIIs) compared with Hb A,
At pH 7.0 and 20°C the Pw values were 2.3, 4.6, and
9.2, respectively. The effect of pH (Bohr effect) on the
oxygen equilibrium of purified Hb Hiroshima is com-
pared with Hb A in Fig. 3. At pH values decreasing
from 7.8 to 6.5, though the curves shifted progressively
to the right, the change was less than for Hb A. The re-
duction in the pH or Bohr effect is shown more clearly
in the inset to Fig. 3. The Bohr effect factor (alogPm/
ApH) is reduced by about one-half for Hb Hiroshima,
being — 0.27 over the pH range between 7.4 and 7.0,
compared to — 0,53 for Hb A, The Hill constant (19},
n, for purified Hb Hiroshima was about 2.0 at pH 7.0,
compared to 3.0 for Hh A, implying reduction in heme-
heme interaction for the mutant hemoglobin. Also, as
seen in the inset to Fig. 3, » tended to increase as pH
increased, being 2.4 at pH 7.4, and 2.6 at pH 7.8, Imai
(20) analyzed the oxygen equilibria curves for Hb
Hiroshima in detail, and pointed out that at the upper
ranges of oxygen saturation, the Hill plot is biphasic
and the ional interpretation of the signi

of n probably does not hold,

Physical and chemical characteristics of Hb Hire-
shima, The electrophoretic mobility of Hb Hiroshima
at pH 8.6 was greater than that of Hb A, but at neutral
or acid pH, on agar gel it migrated less rapedly than
Hb A towards the anode (Fig. 4). Hb Hiroshima de-
scended more rapidly than Hb A on either CMC or
Amberlite IRC-50 column chrematography. On CMC
chromatography of hemolysates treated with p-chloro-
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Ficure 3 Effect of pH on oxygen equilibria of Hb A and Hiroshima, determined
under the same conditions as in Fig. 2. From left to right for each set of
curves, pH 7.8, 7.4, 7.0, and 6.5. Insert summarizes the pH effect. Upper panel:
semi-log plot of Ps against pH, demonstrating that Hb Hiroshima is less sensitive
to pH changes than HbA. Lower pamel: plot of the Hill constant, », against
pH. For Hb Hiroshima, # tends to increase with increase in pH (see text).
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Figure 1 Pedigree of Hb Hiroshima kindred.

was no report of cyanosis, jaundice, or physical anoma-
lies. It is not particularly surprising that the trait has
been found only in females in this kindred, since in the
two branches of the family where the gene for the ab-

The city and country carriers, in turn, differ significantly
from one another with respect to hemoglobin and he-
matoerit values (P << 0.01), an ohservation that is prob-
ably explicable in terms of different socio-economic



Nannyc Kapn MNMOJIMHI
(1901 - 1994)

HobeneBckasi npemua (1954)
«3a uccnegoBaHue NpUpoabl XMMUYECKON CBA3U U eé

NnpUMeHeHUe Ans onpeaeneHns CTPYKTypbl cCOeANHEHUN»
Hobenesckas npemumsa mmpa (1962)
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[[eMOrnoouHbI —
o-cnuparibHble Oerku

2/2 - “helix sandwich” 3/3- “helix sandwich”
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Knyb6eHek B paspese.
KpacHbIX LBeT faeT coaepXxawmnca
B kny0eHbKe pacTUTeNbHbIN
reMorsio6mMH — nerornoo6mH.



B 1946 r. npeanoXun TEPMUH «NErremMorriodonH»

SPECTRUM OF LEGHEM..IGLOT{IN 1347
AptTypy Nnmapw 1o Al A 7
BNPTAHEH P 1t ,
(1895 - 1973) ! 4
Hobenesckas npemusa (1945) ad)
«3a uccnegoBaHUA U OOCTUXEHUS 1ot
B 06n1acTu cenbCKOro Xo3sincTea u 2__
XUMUU NUTaTenNbHbIX BEleCcTB, 4 SRS B
0cobeHHO 3a MeToA koHCepBaLK 630 640 600 560 520 450 440 e 20y
KOPMOB»

Fig. 5. Spectra of leghemoglobin (a} and Fig. 6. Spectra of bovine blood hemoglobin
legoayhemoglobin (b ), 0.65 mg/ml, 26 July, (&) and oxyhemoglobin (b), 0.65 mygimi,
19489 and 14 Oct., 1948. 11 Now., 1948.
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YMeHbLUeHne KoHueHTpauun O,
Npu ero aBMXxXeHunn Brinyob KNyoeHbK
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1nM ~
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ctagma 1. (3.85-2.45 mnppg net Hasag) — Hakonnenusa O,, No-BMAMMOMY, He
npoucxoauno

ctagus 2. (2.45-1.85 mnpg net Hasag) O, npoayumpyeTcs, HO NormoLwaeTcs OKeaHoM U
nopogamMm MOPCKOro aHa
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Cloning and expression of plant leghemoglobin cDNA of
Lupinus luteus in Escherichia coli and purification of the
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Abstract
0.8-

B o T 1 1 B e e - I

The yellow lupin leghemoglobin I gene (bJ) was cloned in the pET-3a vector. It was overexpressed in Escherichia
coli BL2I{DE3)pLysS cells, under the control of T? RNA polymerase promoter. The recombinant Lbl protein, con-
taining E. coli derived heme, was purified to homogeneity using ion exchange and gel filtration chromatography. The
recombinant Lbl protein has spectral and immunochemical properties identical to Lbl isolated from lupin root

nodules. The identity between expressed polypeptide and native Lbl protcin was also supported by microsequencing 0.4
analysis of the N-terminus of the purified recombinant protein. '

004 ; , - -
350 500 €50

Wavelength, nm

Fig. 2. Spectrophotometric analysis of total protein extract of
E. coli cells harbouring the pET-3a//b/ plasmid after IPTG in-
duction (A); total protein extract of E. coli cells without the
plasmid (B) and total soluble protein from lupin root nodules
(C).



Leghemoglobin in E. coli cells
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CTPOEHUME MNOIMOBWHA

Tyr HC2

Fig. 1. Digrammatic sketch showing the course of the polypeptide
chain in the # subunit. Tu going fromn the amino to the carboxy] end,
helical regions are denoted A (o H; non-helical residucs at the mmino
end NA, and at the carboxyl end HC. Non-helical regions between
helices are denoted as AB, BC and so on.  The haem lics in a pocket
between helices E and ¥F. The conformation of the asubunit is cloasly
similar, except for the addition and deletion of certain residues,



B 1962 r. MonuHr n LlykepkaHanb no
pa3nnM4inam B NnepBUYHOU CTPYKTYpe
remorno6umHa v yuntoxpoma C XXUBOTHbIX
paccyuTanum CKOpocTb UX N3MEeHEeHUus B
rnpouecce 3BOMKOLUUN — TaK Ha3blBaeMble
«MOJIEeKYnsipHble Yacbl». Y remorrnodouHa
NO3BOHOYHbLIX B cpeaHem npoucxoguna 1
3amMeHa Ha 100 a-k ocTaTKOB 3a S MIH. nerT.

B panbHeuwem ObINIO NOKa3saHo, YTo
CKOPOCTb MU3MEHEHUUN MOXXEeT MEeHATbLCH.
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hemoglobin myoglobin cytoglobin neuroglobin
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expression sites red blood cells skeletal muscle firoblast cel lineage  newons (CNS.PNS)
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Hankeln et al. // J. Inorg. Biochem., 2005, 99, 110-119.
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XumepHasa AoMeHHasi CTPYKTypa YenoBe4yecKoro aHapornoouHa

U cpaBHeHUe nocnepoBaTenbHocTen ¢ apyrumm Hb Homo sapiens

A Globin
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2012



Plasmodium

LIJapn;_:.I Eg;l_f‘ :I:CbOHC malariae
(1845 - 1922) B KMLLEYHMKE
Hobenesckasa npemus KoMapa
(1907) Anopheles
«3a uccrnegosaHue Ponu NPOCTeMLLNX stephensi

B 3aboneBaHUAX»




JlaBepaH npeanonoXxus, 4YTo ManapunHbIA nNnasmoanu
nnuTaeTca remorriobnHom aputpoumtoB (1884)
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PermoHbl ¢ BbICOKUM
3aboneBaHnem mansapuen

endermic
falciparum mal

Manqpm :

| >20% o
[C]519%
| [ 143

. Manapus- 267 mnH. GonbHbIX B MUpe

J BuettrerJunusch, Phyzxal Artiopobgy: A perpective. 1973, Jolm Wiley &5 ans, Inc,

PacnpocTtpaHeHue
reHa remornobuHa S



B 1949 r. Nonwuur, UtaHo, CuHrep u Yannc
nokasanu, yto HbA n HbS pasnunyatotcs no
anekTpodopeTnyeckon noaBmxkHocTn. B
1951 r. TlepyTtu, Jlukyopn wun Idupux
nokasanm wux pasfnnyime no CTPOEHUIO
KpuctannoB u pactBopumocTtn. B 1956 .
UHrpam ycTtaHoBWUm, 4YTO MNPUYMHOU 3ITUX
pasnMynn aBnaeTcad eauHnyHas 3aMeHa. B
HbS rnwTamMmHoBaa  Kucriota  [(-uenu
3aMeHeHa Ha BanuH. [lepBbi OMMCaAHHLIN
criydyam «MonekyrngapHomn» 6onesHu.



BepHoH MaptnH NHITPOM
(1924 - 2006)
«The father of Molecular Medicine»

Noka3an, 4yto otnuume HDLA ot
HbS — eguHM4YHaA 3ameHa B beTa-
uenu: Glué -> Val (1956).
EouHn4yHan aMMWHOKMCIIOTHaA
3amMeHa BeaeT K Oone3Hu.

NentngHble kKaptbl HOA n HbS Ha
Oymare — okpalwleHbl HUHTUAPUHOM.

HbA vél-H’is-Leu-Trw-Pro-e_Tg-g_;]g-&st....

HbS  Val-His- Leu—Thr-Pro-\_/gl-c’slui';s'

' et
HG  Val-His-Leu=Thr-Pro-Glu-Gly-Ls,

HbC vél—H’is-Leu-Thr-Pro-gy}'G'lb-L'is

AMWHOKNCINOTHbIE
nocrnenoBaTtenbHOCTU N-KOHLUEBbIX
nentngoB remornoomHoB A, S, C n G.
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HeoLnTOoS N3 — remMonums
MOMNOAbIX 3PUTPOLINTOB.
Habnogancsa y
KOCMOHAaBTOB U B
BbICOKOropbe.



According to the theory, EPO'’s
central role would be not only to
stimulate the production of new
RBCs In conditions of anaemia, as
maintained by the orthodox view, but
also that of a cytoprotective factor for
circulating young RBCs. Why
neocytes are specifically destroyed
and how Is this related to decreased
EPO levels has not yet been
elucidated.



70% of blced volume
BELOW hear! level

70% of bloed volume at or
ABOVE heort lovel

FIGURE 3 | Effects of terrestrial gravity on the cardiovascular system:
the upright position. The impact of microgravity affects 70 and 30% of
bloed volume in humans and dogs, respectively. From Fowel (1833).

Risso et al., 2014 (Front. Physiol.)
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23

83

100 p—Pisum sativum Lb5-10 (AB010831) =

Vicia faba LbB (T12134)
Pisum sativum 1Lb120-1 (AB015719)

42 Vicia faba Lb49 (Z54159)
34 -Medicago sativa (AF172172)
93 -Medicago truncatula 1Lb2 (X57733)

Medicago truncatula 1Lbl (X57732)
Medicago sativa LbIIl (M91077-1)

100 I-—Lotus Jjaponicus LjLb1
L

30 100

otus japomcus LjLb2
Lotus japonicus LjLb3

———-Sesbama rostrata (X13815)

95

98

Vicia faba V{Lb29 (254160)
Glycine max Lba (V00453)
56 _22E—-Glycine max Lbe (V00452)

Psophocarpus tetragonolobus (X65874)

99 l
100l— Vigna unguiculata 1.b2 (U33205)
e a unguiculata Lbl (U33206)

Bl— Phaseo us vulgaris (K03152)

Canavalia lineata (U09671)
100—Lupinus luteus Lb1 (X77043)

-Arabidopsis thaliana AHB2 (AC011560)
Casuarina glauca (X77694) E—

——Lupinus luteus 1.b2 (X77042)

Sym-Hb

43
63

93

99

'Medicago sativa (M32883)
Glycine max (U47143)
Lotus japonicus LiNSG1

861-Trema tomentosa (S00838)
Trema orientalis (AF027215)

Parasponia andersonii (U27194)
Arabidopsis thaliana AHB1 (AC007134)
Casuarina glauca (X53950)

Nonsym-Hb

_?Hordeum vulgare (Q42831)

Zea mays (AF236080)
‘_EOryza sativa Hbl (U76029)

Oryza sativa Hb2 (U76038)

0.1 substitutions / site

Physcomitrella patens (AF218049)

Sym-Hb

_I Nonsym-Hb



NMPUMEPbI MHOIOKINETO4YHbIX
OPFAHU3MOB, XUBYLLUX 3A CHET

XEMOJIUTOTPOPUN
Calyptogena magnifica Riftia pachyptila
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Soybean leghemoglobin Rice non-symbiotic hemoglobin Bovine cytochrome b5







Atrnosphere
POz (atm)

Great Oxygenation Event (Oxygen Catastrophe)

Stages
1 Fa 3 4 5
0.5
a4 |
0.3 — —_—
02—
0.1 —— —
I, | |
] -'—":ﬂ-:._ i
3.8 3 2 1 Ba 0

O, build-up in the Earth’s atmosphere. Red and green lines represent the range

of the estimates while time is measured in billions of years ago (Ga).

Stage 1 (3.85-2.45 Ga): Practically no O, in the atmosphere.

Stage 2 (2.45-1.85 Ga): O, produced, but absorbed in oceans & seabed rock.

Stage 3 (1.85-0.85 Ga): O, starts to gas out of the oceans, but is absorbed by land surfaces.
Stages 4 & 5 (0.85—present): O, sinks filled and the gas accumulates


http://en.wikipedia.org/wiki/File:Oxygenation-atm-2.svg

Microbial flavohemoglobin (Hb domain) Muscle Myoglobins &
RBC Hemoglobins
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NOD function O,e-, H,0,
s *NO, CO, etc.
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function
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Stages of globin
evolution 2/2Hb SDHb FHb PHb SDSHb GCS

2 1 3

Horisontal
gene transfer

to plants > To Archea

To Archea,

To ancestors
of eucaryots

Green algae,
Diatomes,

VL v Vv

A

Protista

Addition of
C-domain \ I /
I
I
Divergence of \ 'r/
|
I
I

2/2Hb and SDSHb

3/3 globin ancestor Model of globin evolution
3/3 SDHb (by Vinogradov et al., 2007)
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Haldane-Briggs

[1>xoH bepaoH equation
[Elo[5]
CaHpepcoH B8] = 11151
XOJNAQENH

(1892 -1964)  Kn="1

OOoqowxa




Eukarya

Archean Proterozoic . y‘) 1{ : — Bacteria

Archaea

v Al ¥ L) L] v T L) L) T

0 01 02 03 04 05 06 07 08 09 1
| Age of FSF (nd)

Eukarya
B Bacteria
B Archaea




animals

Eucarya
EVOLUTIONARY
TREE (Stetlter)
: Vargas-Lovely (1958
Bacteria Fe(l) | Natoredes. &8
reducing
Liu (1897) Archaea
Science 277, 1106
e 4
Thermao-
philes
individuation o
Thermaphilic LUCAS O (80°C)
DMA, differentiation
cells directhy coupled
to hyydrothermal system 'mound'
RMNA

MESOPFHILIC ORIGIN (90°C approx)




IH3NMONOI NA



dnaBoremornooMH -
NO-auokcureHasa (EC 1.14.12.17)

depmeHTbl BnoTpaHcdopmaunm NO

®rniasuH-ces3bIsarowull
OoMeH

NOD wuHrubupyetcs [O,]
[NOJ/[O,] = 1:100

2NADH + FAD — 2NAD + FADH,
K= 15 mkM1c-1

em-Fe3* +FADH, — Nem-Fe?* +FADH
K= 150 mkM-c -1
/ em-Fe?* + O, — lem-Fe?*O,

Kof=38 mkM-1c¢ 1, kon=0,44 mkM1c 1

NADH-ces3bigarowjuti

domeH eMo2r106uHO8bIl
oomeH

fem-Fe?*O, +NO — lNem-Fe?*NO + NO;’

Alessandra Bonamore and Alberto Boffi Flavohemoglobin: Structure and Reactivity (Critical Review) // IUBMB Life, 60(1):
19-28, January 2008



NO dioxygen
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Microbial flavohemoglobin (Hb domain) Muscle Myoglobins &
RBC Hemoglobins
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KoHueHTpaunMoHHO-(pyHKLMOHaNbHas wkKana remornooumnHos (Hb)

KOHLl,eHTpaLIMI
Hb B kneTke

1 MM
Lb

100 mkM | Hb
NnepeHoCUYnKn

10 MM
Hb

i ePMEeHTbI
1 MmkM Cb P

100 HM

Hb

10 1M CeHCcopbl

h
| | | | | | >

1 10 100 1000 10000 mkM-1
Cpoacteo k O, — KoHcTaHTa paBHOBecUs



[emMornobuH n MMorrnoduH B peakummn ¢
nepekncbio Bogopoaa obpasyoT
NPOMEXYTOYHblE COEANHEHUS
aHanornM4Hble NPOMeEXYTOYHbIM
coeanHeHnam nepokcuaasbl [Kellin,
Hartree, 1950, 1955], HO ¢ MeHbLLEN
CKOPOCTbIO, YEM Kraccuyeckue
nepokcunaassbi.

— Log molar haemoprotein
6 7 8 9 10 1

Nasug KEWMNWH
(1887 - 1963)

-—
8
e

% Utilization of H:0:
o 3

rnepeOTKPbIST LUTOXPOMbI
(1925). Been TepmuH

— Log pmoles haemoprotein

Fig. 12. Comparison of the activities of catalase, peroxidase
«KUUTOXPOM». and metmyoglobin in the coupled oxidation of three

hydrogen donors; hydrogen peroxide, pyrogallol and
ethanol. Catalase, — - —; peroxidase, ——; metmyo-
globin, - - - - - 3 h, hydrogen peroxide (curves taken from
Orll/lcaﬂ reMOrﬂO6I/|H B Fig. 1); p, pyrogallol (curves taken from Fig. 10); e,
ApoxoKax 50 umoles ethanol (experimental conditions as in Fig. 3).

With this donor peroxidase and metmyoglobin are
(donaBoremornoduH) (1953). completely inactive.




«[lceBoonepokcmnpasHaga» akTUBHOCTb
Pa3nNnNYHbIX reMornoodunHoOB

0,6 - : Velocity of Lba(IV)=0 (compound II)
. / formation is 5 times higher than of Mb(1V)=0
0,5 1
Fe(III)-porphyrine-globin + H,0, — Fe(IV)=0-porphyrine**-globin + H,0

c 0,4 - Fe(IV)=0-porphyrine**t ... Tyr — Fe(IV)=0- porphyrine...Tyr*
= Tyr-0* + H,0, — Tyr-OH + HO,*
= 0,31 (Moreau et al., 1996)
k= ]
£
= 012_ -
= Lb(IV)=0 + ROOH — Lb(III) + HO™ + ROO*

-

" / . /

0,0 T T I 1
Lb Mb Hb

Peroxidase activity of different hemoglobins was calculated on 1 mcMole of the heme group: Lb of broad
bean nodules, Mb of horse muscles, Hb of bovine erythrocytes. Reaction mixture contained 0.8 mM
dianizidine and 0.5 mM t-BOOH in 0.1 M KPB pH 7.5. Activity was recorded at room temperature 25 C.



AKTVBHbIE ®OPMbI
A30OTA N AKTUBHDbIE
KAPBOHWJIbHbIE
COEONHEHWA



HEKOTOPBIE PEAKLMOHHO-
AKTUBHbIE COEOAUHEHUA

» AKTMBHbIE POpMbI Kucnopoga u asora: (O,, OH-,
H,O,, ROO*, RO*,HOCI, NO, ONOO)

* AKTMBHbIE KapbOHUNbHLIE coeanHeHusd: reducing
sugars, triosophosphate glycolysis intermediates,
glyoxale, methylglyoxale, 3-desoxyglucosone,
malone dialdehyde, acroleine, 4-hydroxynonenal



ITYTU BOSGHMKHOBEHIA OKNCAUTEABHOI'O,
HUTPO3ATHMBHOI'O 1 KAPBOHMABHOI'O CTPECCOB

-

o, |— —=! NO'

ONOOH
HO y=—" l
HOCI NO,
v
LH L o,
I <
LO' o, |
\ l \ —
Autooxidation

H,0,

LOOH LO
l \ of glucose
MDA Methylglyoxal,
etc. glyoxal etc.

l L

Modification of
biomolecules




Nlyu Kamunn MAUSIP
(1878-1936)

L.C.Maillard "Action des acides aminés sur les
sucres: formation des mélanoidines par voie
méthodique”. Compte-rendu de I'Académie des
sciences (1912) 154: 66—-68.

Peakuna Manapa — B3ammogencraeme
KeTo-rpynn BoCCTaHaBNMMBaOLWUX
caxapoB C aMMHorpynnammu
aMMWHOKMCIOT, NenTugoB U 6enkos

_ _~NH-Protein
Protein-N H.C
+ H,N-Protein <—— —O0
T O
Imine Ketoseamine
(Schiff base) O (Amadori product)




[[nuko3nnupoBaHHbIU remornoobuH (HbA1c)

MapKep rnmmKkeMmm
BEpPOATHOCTb CepAe4YHO-COCYyANCTbIX 3aboneBaHUN

Hemoglobin Hemoglobin A;¢ ! .
' MoOuhuyupoB8aHHbIU
ﬁ 1?5 # ¢pykmo3sou
&/ D (Cx// [49)
\J% - L_-"% y " . .’/ | V —~
|
NH rﬁ hIlH
CHO H—cl: H—C—H
H—C—OH H—(I:—OH H—C=0
HO—C—H HO—C—H HO —H
. -
H—C—OH H—&—OH H —OH
H >—0OH H —OH H —OH
CH.OH CH,0H CH,OH
Glucose (Schiff base) (Amadori product)

Rahbar S. An abnormal hemoglobin in
red cells of diabetics. // Clin.
Chim. Acta. 1968. V.22. P.296-298.




OOpa3oBanue nitrimetHb B cucreme

metHb/MG/GSNO

Glycated Hb

NO,’

Nitration of porphyrine

GSNO + 0, —» GS* + ONOO-
NO + O,*~ — ONOO-


http://mail.yandex.ru/message_part/transglutaminasa.jpg?hid=1.1&ids=2110000001645967113&no_disposition=y&name=transglutaminasa.jpg

Absorbance
(]
~
N 1

0,30

0,25+

550 600 650

0 60 80 100

Time, min

Optical absorbtion spectra of
nitriHb (1) and Hb (2, 3) pyridine
hemochromogens. (1) metHb
Incubated in system contained
MG and GSNO. Aerobic
conditions; (2) The same as (1) +
1200 SOD; (3) Native metHb
without MG and GSNO.

Kinetics of nitriHb formation

(582 nm absorbance band of
hemochromogen). (1) System with
MG and GSNO. Aerobic conditions;
(2) The same as (1) - anaerobic
conditions; (3) System with MG and
NaNO,. Aerobic conditions; (4) The
same as (3) - anaerobic conditions.



IIepexoa Hb B MmeMOpanoCBA3aHHOE COCTOAHUE
npu AevicteBuu MG, NO," u GSNO

RAAAAAA |

18 - T
16 4 | |

2 |

3 141

s

< 12- |

S ] 1

% 10-

T ]

2 8- T

> J

(@]

S 6

D)

C 1 T

S oaq— T

g -

s 27
0 T T T T T T T T T T T

MG NO, GSNO MG+NO, MG+GSNO

Erythrocytes suspension (47 mg Hb/ml.
MG=3 mM; NO, = 0.75 mM; GSNO=7.5 mM.
180 min incubation at 37 C.




I'EMOIJIOBUH, HUTPO3UNJINPOBAHHBIN

11O KEJIE3Y 'EMA

a30Ta




dunsmonornyeckana dopma NO -
AVHUTPO3UNIbHbIe KoMnneKcbl xene3a (DNICs)
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Dinitrosyl iron complexes
bound with thiolate ligands
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Roussin’s Red Ester

Dinitrosyl iron complexes bound

with imidazolate ligands
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DNICs containing deprotonated
imidazole (Tsai et.al., 2009)
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Cyclic tetra-nuclear DNICs
[Fe(NO),(imidazolate)], (Wang et al., 2004)
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Formation of Glycated Recombinant Leghemoglobin
in Escherichia coli Cells
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Abstract—A nonenzymatic glycation of the recombinant leghemoglobin expressed in Escherichia coli cells
was demonstrated for the first time. This process involved the heme pocket and gave low-spin leghemoglobin
species. A correlation between the degree of E. coli protein glycation and synthesis of poly-[-hydroxybutyric

acid was found, suggesting that the accumulation of reserve carbon sources and nonenzymatic glycation
could be alternative processes.
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Fig. 1. Absorption spectra of the Lb-expressing £ coli cells relative to the controls cells: the cells containing {a) LbO, and (b) GLb.
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[EHETUKA U
MEOVNUNHA
(HacneaCcTBeHHbIE
bonesHun)



Hereditary and drug
methemoglobinemia

HacnenctBeHHas U
«J1eKapCcTBEHHas»
MeTremMoriioonHemMms



PepMeHMamueHoe
goccmaHoeasieHue Hb+:

e_
NADH -2 uutoxpom b5-penykrasa
o- e-
= untoxpom b5 = Hb+



Tunbl HacneaocTBeHHOW
MeTreMornoomHemMumm:

IJpumpouumapHbiU,

O6wul (8 m.y. conpsi>KeHHbIl ¢
yMCcmeeHHOU ocmasiocmabio),

Hdecpuuyum yumoxpoma bs,

Conpsi)xeHHbIU ¢ hagduU3MOM
(Oehuyum 2s51r0K030-6-
gpocgpamoeaudpozeHasbl)






N



e

~

Paul Karason and his girlfriend, Jackie Northrup.




[lonyOble dyraTtbl (The Blue

Fugates)
dyraTbl, CEMbS, XUBLUAA Ha XofiMax LitaTa
KeHTykku (CLLUA) — Hanbonee n3BecTHbIN
npumMmep HacrnegCcTBeHHOU
meTtremornobunHemumn. MaptmH ®dyrat
nocenuncsa tTam B 1800 r., a ero keHa Obina
HOCUTENEM reHa peLeccuBHOU
meTremorrnobunHemunm (met-H), Kak u
XUBLLUAA paaoM ceMbsl, C KOTOPbIMU DyraThbl
nepexeHunnucb. Kak pesynsraT, MHOrue
dyratbl pognnucek ¢ met-H.






[onyOble nogu n3 JlypraHa
(The Blue Men of Lurgan)

2 JYenoBeka ns CesepHoun Npnangmm —
OblNn onncaHbl Kak HOCUTENN «CEMENHOM
nanonaTn4yeckon MeTreMorrioonuHeMmnmn.
OnucaHbl 1 nedunnunce y Ap. James Deeny

B1942r.

lo0BepPrincb Jfie4eHuto

ackopbunHoBOU KMUCIOTOU N brukapboHaToM
HaTpua. Y 1-ro cumnTomMbl Nponanu Ha 12-
N OeHb, Y 2-T0 — Yepes Mec4dll,.



HacnencreseHHasa meTreMornoouHemMums.
HacnepoBaHme no aytocomaribHOMY peLecCuBHOMY
TIny

Unaffected Unaffected
"Carrier" "Carrier"
Father Mother

Unaffected Unaffected "Carrier" Affected
1lin 4 chance 2 in 4 chance 1in 4 chance



I'pynnbl HaceJIeHUS ¢ MOBBINMIEHHBIM PACIPOCTPAHEHHEM
MeTreMorJI00uHeMHH: 1 — 3CKHUMOCHI AJISICKH;
2 — HHAEHIbI-aJITOHKHHBI AJSICKH; 3 — HHAEeHIIbI HABAXO;
4 — gaKkyTHI 0acceiHa pexku Buunoii.



Jcknumocsl (CLUA, Anacka)




I'pynnbl HaceJIeHUS ¢ MOBBINMIEHHBIM PACIPOCTPAHEHHEM
MeTreMorJI00uHeMHH: 1 — 3CKHUMOCHI AJISICKH;
2 — HHAEHIbI-aJITOHKHHBI AJSICKH; 3 — HHAEeHIIbI HABAXO;
4 — gaKkyTHI 0acceiHa pexku Buunoii.
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I'pynnbl HaceJIeHUS ¢ MOBBINMIEHHBIM PACIPOCTPAHEHHEM
MeTreMorJI00uHeMHH: 1 — 3CKHUMOCHI AJISICKH;
2 — HHAEHIbI-aJITOHKHHBI AJSICKH; 3 — HHAEeHIIbI HABAXO;
4 — gaKkyTHI 0acceiHa pexku Buunoii.



Mupenuybl HaBaxo (CLUA, ApnsoHa)




I'pynnbl HaceJIeHUS ¢ MOBBINMIEHHBIM PACIPOCTPAHEHHEM
MeTreMorJI00uHeMHH: 1 — 3CKHUMOCHI AJISICKH;
2 — HHAEHIbI-aJITOHKHHBI AJSICKH; 3 — HHAEeHIIbI HABAXO;
4 — gaKkyTHI 0acceiHa pexku Buunoii.



AkyTbl (Poccusa, Caxa-AkyTtuns)

,




Kaxgbin 37-1 AKyT ABnAeTCA
reTepo3nNroTHbIM HOCUTENEM
HacneaocTBeHHOW
MeTreMmornoonHemumn.

Camag BbiCOKad yacTtoTa B
Mupe!

A dekT ocHoBaTensa ?!



BelwlecTBa, Bbi3biBaOLNE
MeTreMmornoonHemMmuio

Knaccuyeckne nekapcrtBa, BKNo4Yasi aHTUOMOTUKA
(TpmeTonpum, cynboHamMuabl);

MecTHble aHecTeTUKM (0OCODEHHO apTUKaWH,
GeH30KaunH, 1 NPUIoKaunH);

Pacbypukasa (yoansieT MO4YEBYIO KUCIOTY U3
KpOBMW),

MeToknonpamug (MPOTUBOPBOTHBLIN 3PMPEKT) ;
[nancoH (gancoH, NpoTUBOSIENPO3HOE CPEACTBO);
[Tpon3BogHbIE aHUINHA, XnopaTbl 1 bpomaThi;

HuTpathbl, BKNoYada NpoMblLUIEHHbIW HUTPAT
BUCMYTA.



KOMINBbKOTEPHbIE
OVNATHOCTUNHECKHUE
CNCTEMDI
(MCKYCCTBEHHbIW
MHTENNEeKT?)



BukeHtTn BukeHbeBuu
BEPECAEB (1867-1945)

BpPpa4y N NMMCAaTe/lb

«Hopmanvhblil uenosex — 3mo 4enosex O0IbHOU,
300p08blil npedcmaesisiem cooorw aullb CHaACMIUBOE
YPOOCmeo, pe3Koe YKIOHEeHUEe OM HOPMbLY.



Hopma - BEpXHUU U HUXXHUN MHTEepBan, B
pamMKax KOToOporo Mop@osiorm4eckme u
doyHKUMOHarbHble U3MEHEHNA (YBENUYEHNE
NN YMEHbLLEHNE) HE BbIBOOAT TOT UNU
MHON DMONOrNYECKUN KOMMOHEHT (KIeTKa,
opraH, opraHu3m) 3a npeneno
onTUManbHOro PyHKLUMOHNPOBAHNA B
OAaHHbIX KOHKPETHbIX ycnosuax (KO.M.
XpycTtaneB «dunocodusa Haykm u
MEeOULINHbI» ).



[lpeBHAA AnarHoCTuUKa

B5-dee N ER 24 da ki e LuE Koe
AR M LR 2o B Lagee
woda g X9 Lk 4
T bR ¢ T &




[Tpmep gMcTaHUMOHHOWN ANArHOCTUKA

i - /
:t'( . ,"4 f an -
/ e A‘.M

ABULIEHHA
(980 - 1037)




CemeH Hukonaesuny
KOPCAKOB
(1787-1853)

PyccKumM rocyaapCTBEHHbIN
aesatenb n nsobpertatesnb

“Apercu d un procede nouveau d investigation au
moyen de machines a comparer les idees. — St.
Petersbourg, 1832. 22 p.”

“Hauepmanue nosoco cnocoba uccinedosarnus npu

nomowiu Mawiut, cpasrusarowux uoeu / Ilep. ¢ ppany.
noo peo. A. C. Muxaunosa. — M.: MUDU, 2009.”
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JInHenHbIN rOoMeocKon 6e3
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inntocTpauna genctemga NMUMHENHOTO
romeockona 6e3 ABMXYLLUUXCSA YaCcTeN

Tabruua AaHHbIX  [ouck kpuTepnes ~ COMOCTaBNeHMe
OaHHbIX



Muxaun Bacunbesumy
OCTPOIPALACKUN
(1801-1861)

PyCCKMN maTeMaTUK, aKageMunK
CaHKT-[leTepbyprckom
aKagemMunu HayK

“I -1 Kopcaxoe nompamu ciuuikom MHoz20
pasyma Ha mo, 4mooOwvl HAYHUMb OPYUX
0Oxo0umvcs 6e3 pazyma.”



Pa3paboTka KOMNbIOTEPHON IKCNEPTHON CUCTEMDI
ANA ONarHOCTUKN aHeMUuu

N.N. Blokhin Russian
INBI RAS NRNU MEPNhI Cancer Research Center



BNMUHAAPL' BanentuHa HukonaeeHa, f1.6.H., npod.;
HUWKMTAEB? BanenTuH Mpuropbeeu, A.T.H., npod.;
HAFrYMAHOBA? HOnua Pachamnnoena; MPOHUYEB* Anexcanap Hukonaesny, K.T.H.j

4YMCTOB* Kupunn Cepreeeuu,

K.T.H.

OKCNEPTHAfl CHCTEMA ANA ANATHOCTUKN
OCTPbLIX JIENUKO30B

B cmamee npegrmosiesa KOs yenmyoasHan Mogeis ot AA ¢ OCMPEX ABIKOZ0E ¢ NPUMEHEHUEM
MEMOGOS KOMNEXMEPHON MUKDOCKONLL. i o iy Ha p pac
uzofpaxenull GACCMALY 1 HEGAGCMHELX KASTIOK.

K CAGR: BALRKALG L O, P QIE T , fasa SHOHU, MeRCMYPHLI aHaALT.
The article presents a conceptual model of the expert system for diam focute fenkemia, using hods of compuler microscopy.

Are considered the factors affecting the results of image recognition of bisat and not blast Bload cells.
Keywords: expert system, influence factors, image recognition, knowledge base, fexture analysis.

KTYBABHOCTE TPOGASME! AHATHOCTH-
H OCTPRIX ASHKO30E 0OYCAOBAEH
pocTos 3afoABESEMOCTH § HaCEACHHS.
Cpean NauHeRTOR © reMoiAacToaaMi oo
TPRI ABROE 3aHHM AT AHARDYIOUYE N
SHIHI, COCTABARA GRoAO 173 o1 ux odme-
ro uncaa [1]. 75% cayvaes GOARZHE AHa-
THOCTHRPYETCA ¥ BIpocAsrs 1 25% v aemedl
OCTpRe MHEAOHAHEE AefEoas [OMA)
COCTARAAIOT GROAD BOE, ¥ BIPOCARIX NAITH-
eHTOB B BospacTe crapme 40 set. ¥ aerel
HAMBOARE MECTO AWATHOCTHPYIOTCH AMM-
chonaEEE GIOpME OCTROMD ARlKD3E — A
90 [2].
ORHIN M3 NEPERIX STANOE AHATHOCTHER
OCTPE ARFKOIOE ABARETCH MCCABACHA-
Hite ih i KPOEH Ha
GABCTHEIX KARTOK. AAHHAR NPOOeAyPa co-
NPAMEHA © PAADM TPYAHOCTEN, CABBHAR
M3 KOTOPENC — BEICOKAH CTh

Uearsn  HacTommed  paloTel  ABARETCH
pazpaboTha  KOHLOEOTYRABHON  MOABAH
IKCOEPTHON CHCTEME] AAR AHATHOCTHEH
CUTPEX ABAKOIOE © OPHMEeHeHHEM Me-
TOADE KOMOBTERHOH MHEDOCKOTIE, a
TAEHE AHAAMS BAHAHHA (HAKTOPOB, OE3-
SEIBANOIHY BOGASHCTEHE Ha PeayAkTar
HEE

GABCTHEIY KASTOK).

IR EpTHl.‘I-I CHCTEMBI ALH
TPhIX AEHKO30E

Kt\r-lIleJl'EpHUfl MHEPOCKOIMHA

B xope aHAAHZE MOPHOAOIITIECEHY Xa-
PAKTEPHCTHE EASTOR nepudgepirreckol

GABCTHEIX KASTOR B CXOMEeCTs H3oOpame-
HH HEKOTOPEX W3 HHX ¢ HEOARCTHEIME
KARTEAMH, WTO BRISEIBAST OUTHGKH B HX
rraccHiHRAne [pac. 1.

Crryauus yoyryfiagercs pedmerom Bul-

KFOBH T CIOpHERE
CAYIEH, KOTAZ OPOUEC HHTERNPETRIHN
HCCABAYEMEN  ONEEETOE NPHOGpeTaeT
HAPAKTED HEOAHOSHATHOCTH. [TOREICHTE
AOCTOBEPHOCTE HTOMGBON OUEHKN H300-
PAMEHH EARTOE KPOBN MOKHO TYTeM

t:i °

K
}"-u"

Puc. 1. Mpumepn usofpaenul
i3 e el HBLX
a) — Aumgoyum,; G} — amunueneil
MOHOHFRACTR B — GAQCTHLE KASMKL

Tps dropMEPOBEAHAN IECTIEETAMH ¥TAACH-
Hol BRGOpEE H3o0pake il KARTOR Kpo-
BH, MOTYT BOIHHEATE CIOPHEIE MOMEHTE
BEMAY HEOAHOIHaUHOCTH Hiobpaxenmil

coK THPOEIHHEL
— Bpaieil reMaToAOroR. B NOAHEANHEEAY
BPEUH B GOALIIMHCTEE CAYISEE HOCAS-
AYIOT HOPMAAEHEIS MAIKH KPOBH, OTCH-
A3 — OTCYTCTEHE HEODXOANMOTO ONLITE
AHAAMIA NETOAGTHUECKGH KPOBH, W, Hak
CABACTEIE, PHCK OPOTYCTHTE NalUEHTa ©
GCTPEM Afigo 306 B 3Toll cBAsH akTyaik-
Ha paipafoTha IKCHePTHON CHOTEME AAT
AMBFHOCTHEH OCTPEIX ASHEOI0B © IpHMe-
HEHHEM METOADR KOMILETEPHON MEEPO-
CROMEN. OTMETHM, WT0 B ABHHOM CAYIaE
IKCTEPTHAR CHOTEME CAYRHT HHCTRYMEH-
TOM BREWA-TEMATOAGTE TPH AMATHOCTHEES
GCTPRE ABTROA0E.

ne aKCTIEp

MNpeprarasvuil BOANOA B pacnoiHABA-
HHK HI0GpameHdll KASTOK KpoBH Oa-
SUPYETCA HE HCHOARIOBAHHH  IHAHW
CHEIHAAHCTOR B OGAACTH [eMATOADTHH
M AARANIEETCA B COTAAHMN SHCTEPTHOMH
CHOTEMEL AAR AMATHOCTHEM OCTPRIX Aefi-
®oaon. B ocHoBe cHCTEME — 3TaroHHAR
BuGopE:  OHPOBRY  Haoipasesni,
OMUCEHMA KOTOPEXN XPaHAaTcd B Gaze
SHAHNI, BANCHEIM KOMIOHEHTOM CHOTE-
MBI ABASETCH AHAAHTHIECKAR TIOACHCTE-
Ma, BEAKMIZFOLIAA MHOEECTEO TPaBA,
TO KOTOPEM OC YIIeCTEARETCH TIPHAATHE
peleHnd |puae. 2.

¥ — e, Pocculicrinii onRoacnaeckid sayamad uenmp un. HH Baoxe PAMH; *
! — wenupanm HHAY « ME@HY * — gouean HHAY (M@, — goycnm HHTY « MHGH.

lmdd M

[ EARTOK. TIpEaKTHEA DOKA3aAa,
STO AAHE OANH SECHERT B Pa3H0E BPEME
[#epes HepeAls, MEecHl)] MOMeT Oo-pai-
HOMY OUEHHBETE [TPHHEAARHHOCTE Of-
HOMD B Tore #e N300pamernd K KaTer-
PHE GASCTHEIY HAM He0ARCTHEY KABTOR.
ECTecTRSHHO, WTO M Y PATHEIN SKCTIERTOR
SENACTYH) BOSHUKAKT PAIHEE MHEHHA
N0 MOBOAY OTHECEHHA PaccMATPHESEMOH
KASTEH K GASCTHRM HAR HeBaacTHeM, [o-
aTosy OpH hopMEpOEaHEA (askl IHaHHE
SKCOSPTHON CHOTEMEL HEOBXOARMD ey
VCMOTPETE NPONEAYPE CUEHKH CROANMO-
CTH M BOCHPOMIEOAMMOCTH POIVARTATOR
COARAHNA ITRAGHHOMH BRIGOPEIL

aaw. wch. HHAY « METH:;
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AKCIIEFTHA S CHCTEMA TUATHOCTIIEKH
TEMOITIOEMHOIIATHR © MCTIOIb20BAHMEM JAHHREIX
O COCTOAHIT KPORIL, 3FIITFOORTOR
U TrEMOTITIOEITHA

2. N Horwfvamumn'™, B [ Husemen', A H [Mpoasmer’, B H. Bananpe®,
O B Koowemercena®, A @ Tommon®
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noaxe. Poorsns nocrmpascnsumpnmds uresrhrme Hh coommeiiron mu cocoofimmoms
Hb camsmymwes © fetros noioad & sndipees spaTpourte B meyaecll srmpatype coamp-
HUPTEE CIECTRTTMHS WHOPS HRDCPMAIEHH o DEIHEE SSpainERaHn undi LR E-Crm ae sl
dopana HE mxe m wopus, TEE H OpR OeToomres |_q CRULLS AP R mnesd EME Cap -
semn HEBHD anmicrm reusmoepamauil noE L™ ae B CrHETRo R oT AT HHICEER N HER
ACCOIMRFOREAHCIT ¢ Tenmun spErpoanrss HE How n BHER PAH Swme poopsfiomsss
CHHETPOB - ToUET Dk B e mrrasesrmesd copmen MEHE, commmunin me chpe-
Sorem TeMal OISO THNOOMEWE [RESTEOOM THEH THEE r.']. ST MTIIIHER NCORCOENT
mepemecH HE 3 s 3 pcTRIpHECE SOCTONHI < RO SHMHENE o paocarsm =
rasapome. M poanrse, o morecresnas cossce MEHHD ucoarr Swrre maoams npe moe-
REEMHH PEUTMMEES IETA0re, SR HEEY © HEPFIEEHEIY CTRY ET7 El KN upmshr ol
revnranSHeL

am prcsrmaes pras sefconnet] Gy Tiesm pUOSTEEETLEN ROHIEHTREIME Gappie-
THEE N IANE ¥ CHECPOTIN KPCMN, Boiqmecin MsnrmoSHEL B ILTROnE KEE K MHCm
REpamsrmE. M TECES OOTSEpEHERIN BLKESCTR HENSAORCAIHET TRKKT rorosTisl,

sk gons oxncomesars ek Hb] ® rasspoasssors: He



Model of Knowledge Base
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Characteristics of objects

Average erythrocyte volume

Average hemoglobin
content

Nosological forms

Price—Jones curve width

Concentration
of the oxidized hemoglobin

Inherited
hemoglobinopathiesf]

The number
of aggregated erythrocytes

Average concentration
of hemoglobin

Drug/Acquired
hemoglobinopathies

Deformability of erythrocytes

Ligand forms of hemoglobin
(sulfHb, carboxyHb, etc.)

Information
on patients

Hematocrit index

Membrane-bound
hemoglobin

Erythrocyte shape

The presence of Heinz
bodies

Moaenb 6a3bl 3HaHUN



KoHuenTtyanbHaa moaenb
ANarHOCTU4eCKOWN IKCNEePTHOU CUCTEMBbI
"BLOOD"

| I |

1 Lo expert system
1B o

| 8 . . 1 1 ey . .

1| o Input: measurement object Lo The definition of the most similar cases

1| ©

N ) : : A

1 .Q (I

| Lo

| B o

|

| @ o

; e data: measurement Lo

I 3 object registration o M

= P Y .

: T |I I | K ledae b | | A comparative

| € Lo nowledge base statistical analysis
e o A

1| = [

| |

1 g .. . . I 1 :

' o deC|S|on_. object >| = ! i Updating the

| £ processing and data o L knowledge base

: § entry | G| | || withnew dataon

o © ro general analysis

|2 =l

| B o Y

1 E 1 |

1| o . ; (I |

: ‘g rgahaéstpﬁ,ﬁogfgii?igacﬁoan Lo The conclusion of : | Output: the recommended
I g d o an expert doctor set of probable diagnoses
1 1

1= o

1 1 1

| 1 |



dopma «QHUMKNoneansa»

.| 3Humknoneaus

AHEMWUW, CBA3AHHBLIE C HAPYLUEHUEM
OBPA30OBAHWUSA FTEMOIJIOBUHA

Hasuraums
[Inst HOpManbHOro BUOCHHTE3a reMornobuHa HeobXoaNMbI Xeneso, o sl 2R
npotonop®upuH 1 rnobuH. Mo3ToMy aHeMUH, XapaKTepusyioLlnecs FEMOTIOEMHA
HapylieHnem CMHTe3a reM0rn06MHa, MOryT ObITb pa3efieHbl Ha TPpU KENE3OAEOMLNTHAA AHEMWA
rpynnbi: AHEMWI MPU XPOHNYECKUX
1.  AHemuM, BO3HMKaIOLLKe BCNeACTBUE HapylieHUs meTabonusma £ [3ABONEBAHMAX
xenesa: CEPMOBUAHOKNETOUHAA AHEMIA

XKenezogeduunTtHblie aHemun (OKA)

AHeMUU Npu XpoHUYeckux 3aboneBaHnsax
ATpaHcheppuHeMus

Cunapom Waxuaun-Hatau-/laimMmoHaa

AHeMUst BCIeACTBUE BO3AEHCTBUS @aHTUTEN K peLentopam

TpaHchepuHa.

2. AHEeMWUM, BOSHUKaKOLLMe BCNeACTBUe HapyLLeHUs CuHTe3a rnobuHa:
TanacceMuu
FemornobuHonatuu E u C -

[obaeuTe | |PegakTupoBaTth

Ypanute




[ noccapuu

'emoguanms Hasurauus
T P PO TP e P T[T [ P e T T T TR T TP TP e T o, e T =
rMAPOCTATUYECKOE AABNEHUE, PErYNNPYIOT YAaneHue Boabl. EMUH y
OWMannaupylowmnil pacTeop NOAAeTCA B AMANM3ATOP W3 pe3epByapa MNM J03aTOPOB, B KOTOPbIX PacTeop l'emaTnyeckni
roToeuTcs externpore. B GONbLMHCTBE anNapaToB AMaNM3MPYHLLWIA PAacTBOP NPOXOAMT MHMO MeMOpaHbl ['eMaToreHHbIi
O[MH Pas co ckopocTbio 500 MA/MUH B HanpasneHun, 0OpaTHOM TOKY KPOBH. [JUanu3upylowmii pacteop no lemopes
COCTABY, KaK NPaBuio, CXOMEH € KUKON YaCTbiO NNasMbl, HO NPU HEOOXOIMMOCTH COCTAB MEHRIOT B lemoauanus
33aBMCUMOCTH OT YPOBHEH 3N1eKTPONUTOB y B0NbHOM0. Yallle BCEro MeHSIKIT KOHLIEHTPALMIO Kanks; TeMonua
KOHLEHTPALIMK Kanbuus, xnopa W bukapboHaTa, Kak NpaBuno, NoCTOAHHbL. Perynupys B XoAe Avanu3a FeMonosz
KOHLEHTPALUMIO HAaTPUs B AWanM3upyroLem pacteope (npoduaMpoBaHke HaTpHs), YBENHYNBAKOT MK [eMONG3THYECKHME CTEONOBbIE KNETKH
YMEHbLUAIOT YAaneHue Bofbl.

- [eMOTOKCHHBI
B CLIA B OCHOBHOM MCNONb3YKOT KANWNNAPHbIA AWANH3aTop, B KOTOPOM MMEIKOTCA TOHKWE Kanunnapbl u3

M [eMoNpOoTenHbl, reMonpoTenabl
NonynpoHuLgemoi MembpaHbl, cobpaHHble ThICAUaMU B MyukW. KpoBb TeUET B NPOCBETE Kanunapos, r
eH

OWENUZMPYIOWMA PAcTBOP OMBIBAET MX CHapPYKK. THN M NNOWaAb NOBEpXHOCTH (pazmep) MembpaHbl
onpegensioT He TOMBKO CKOPOCTb YABTPAahMNLTPaLUMK W KIMPEHC KDEaTHHUHA UMM MOYEBMHBI, HO U ee
OHoCOBMECTMMOCTb. MemOpaHbl M3 KynpodaHa (uennodata, cogepXallero Meab M MOHbI aMMOHMS) W
aLeTaTa Lennono3bl MeHee NPOHHLAEMbI M MeHee DMOCOBMECTHMbL. MeMDpaHbl M3 NONUAKDUAOHUTPHAE,
NOMNUMETHAMETAKPUNETE, NONMCYNb(OHE M HEKOTOPBIX HOBbIX NPOU3BOAHBIX LENMKN036!
BbICOKONPOHWLUEEMbI (MMelT Nopbl Honbliero pasMepa), M Ux BHOCOBMECTUMOCTD BbILE, HO CTOAT OHH
nopoXe.

INpn COBpEMEHHDBEX METOAEX reMoguaniza OoNbLKMHCTBO BONBHLIX HYAAKTCA B 9-12 4 Anank3a B Heleno,
NOPOBHY PaCNpeneNeHHbIX Ha HECKONBKO CEaHCOB. [NMTeNbHOCTL AManK3a 3aBucHT OT Beca, QyHKUMKM
noYek, MUTaHKUA, COMYTCTBYOUIMX 33DONEBAHUIA U MHTEHCMBHOCTH aHabonuaMa UnK KaTabonuaMa.
MpoOAOMKUTENLHOCTE W YACTOTY CEaHCOB, TUM M pasMep MeMBpaH, CKopocTb TOKa KPOBH W
OWENUMPYIOLLEro PacTBopa, a Takoke COCTaB NocneaHero noabupaioT MHEMBKAYaNbHO ( puc. 272.2 ).
00 anexBaTHOCTH AMANM3a CyOAT NO KMHETHKE BbIBEASHWA MOYEBMHBI. [1N15 3TOMO MCNONB3YIOT Tak
HazblBaemblil KoathdMUKMEHT BbiBEAeHA MOUYeBMHbI (KBM) :

KBM = ((1-AMK nocne ananuza):(AMK go ananmza))x100%,

a Takke BeapazmepHyo BennunHy Kt/V, rne

K - KNHpeHC MOYEBHHbI,

t - AMMTEeNBHOCTL AWManKu3a u

V - ofibem pacnpeneneHna MOYEBHHbI.

KoadhduuneHT BbiBEAEHNA MOYEBMHDI A0MKeH DbiTh He MeHee 65%, UTO 3KBMBANEHTHO

KoV =1-1,2.

MNosenexue GukapboHaTHOro AUanu3a, NPoGUAMPOBAHKA HATPHS M CBEPXNPOHULLAEMBIX H
ceepxathderTHBHBIX MeMBPaH NO3BONMAO COKPATUTE ANMTENbHOCTL AWANH3A. TeM He MEHee NMPH CHIKEHHK
ONHTENBEHOCTH FEMOAWANH3A HYXKHO NPOBEPATL KMHETUKY BbIBENEHWA MOUYEBHHDbI, Tak KaK Hea[eKBaTHbIi
OWanuz VBENWYKBAET NETANBHOCTL W DUCK OCIOXHEHHNI.

FeHeTUUeCKWe aHOManuk

MapkepHblii FeH, reHeTUJeckuii Mapkep
[eHHas HMMyHW3aLKS

['eHeTHYeckas (reHHan) MHXKEHEpHA
[eHHas MyTaums |

[ Nobaeuts | [ Pepaktvposath |

NTUTh




dopma «[lapameTpbi»

& X
16 MoHouutel (MONO%) 11-3
1F So3uHounbl (EO%) 5-0.5
18 basodunsl (BASO%) 1-0
19 Hentpodunel (NEUT#) 6.8-2
20 Jiumcbouutel (LYMPH#) 3.2-1.1
21 MoHouutel (MONO#) 0.8-0.1
22 So3uHounel (EO#) 0.3-0
23 basogunsl (BASO#) 0.7-0
24 Hopmobnactel (NRBC%) 0-0
25 Petukynouutsl (RET%) 1.2-05
26 CpenHee coaepxaHue remornobuHa B petukynouute (RET-HE) 35-28
27 Hespenble rpanynoyutsl (IG%) 0.45-0
28 ManoykoggepHble HENTPOUIbI 6-0
29 CermeHTosiAepHbIe HEUTPOMUNbI 78-48
30 JiumcbouuTbl 37-19
31 MoHouuTbI 11-3
32 S03nHoOUnbI 5-1
33 basodunsl 1-0
34 Mnasmarnyeckune KneTku 0-0
35 MuenouuTbl 0-0
36 MetamuenouyuTbl 0-0
37 HopmobnacThl 0-0
38 CO3 no Becteprpery 30-0
39 OeppUTUH (MMMYHOMEPMEHTHbLIN METOA) 112-22
40 PacTBopumMble pelenTopbl TpaHcdeppuHa (MMMYHOEPMEHTHbIN meToa) 1.2-0.5
41 PeTtukvnoliuThl 12-08




dopma «AHanNn3bI»

e @ AobasuTb us Tabnuup

Koa Damunna Vs Otyectso Bospact Mon >umtel ( sountsl moBuH oKpuT M 3puT wornof Morno6i BouuTbl 1TOB - 1 MTOB - Kk TpombBo M Tpom Gokput dunbl (I e (LY |

|

0 Kypura (o] (6] 49 X | 10.5 349 669 201 301

1 Matpocosa B K 76 X 103 333 - 309

2 Konosanosa (0] 0 40 X ny 215 301

3 lpuropuyesa H A 30 X
4 AsanaH C 0 4 X
5 Maromeaosa n n 50 X
6 Makcumuenko H (S5 30 X
7 Pozenbnat n w 76 X
8 Canuxosa A 0 30 X
9 Carraposa M r 61 X
10 Ceprees r A 89 M
1 YepemeHckan H n 60 X
12 Crebnuna E M 30 X

13 CamcoHoB H (] 78 M




3anonHeHue 60a3sbl AaHHbIX
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Newosras (WHC)

Spurpoupu (REC)

Fenrornotum (Hb)

Fensronpunt (CT)
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Tpomeumma (PLT)

Wpws

Wipwesy - ROW-CV)
Llinpurs pocnpeacaentn TROMBoLmToR o comenty (POW)"

Cpesrmi Otivem TPONEOUNTS (MPY)

Tpombenput (PCT)
Hedpo i (NEUTH)
Nunaorsrvs (LYMEHN)
Maneumre (MONOY)
Sasmodunm FO%)
Baroduune (BASO)
Hesttpogwem (NEUTZ)
Muinaorperas (LYMPHE)
Mowoure: (MONOS]

Hopuoinac (NRIC%)
Perunynounts (RETR)
<

Hespeaue cpaeyacummas (1G%)
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Cormtemranrpe b

Degpmran (unsiymoSeprented weron)
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ABCONOTINGS £0AIAEC RS PeTHRy SUNTOR
<

p i erpenues prruryscnron (RF)

IPF (Immsture platelet fraction) - Spacme nespesan rpoubeunros
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Hwuxe
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CoctoaHue Hb onpeaenser cocroaHue
3PUTPOLUTOB U KPOBEHOCHOU CUCTEMbI

oxyHb —> o | —> a NMoBpexaeHue
/ O, H,0, aIHAOTEeNUNA
2oxy2deoxyH NG B
deoxyHb Aencreune
o — > | ATP
MBHb-_~ —
~~~~~~ >
metHb 5 FEMUXPOM
NepekncHoe
OKMCJIEHUEe — AunchyHKLuuns
ferrYIHb aunuaos ApUTpoLUnNTOB
> Tenbua NemHua

polyHb



Hb moXeT cBaA3biBaTbCA C MeMbBpaHOU
obpatumo n Heobpatumo

A

Hb'0,]—Z>

Hbll

reversible
binding

Hp'l!

§ HbV=0

irreversible l

Gemichrom

A 4
|
. spectrin



CeasbiBaHMe Hb ¢ TpaHcmembpaHHbiMm 6enkom

nonocbl 3 (Band 3 protein)
obpaTumoe cBA3biBaHUE

SDS-page electrophoresis of proteins
£ /\ of the erythrocyte membrane

) {\\J) )
LA X/
IO N
N/ 1 { {i X\
Iiirn ".' | (]
YATR \ | ¥ i
SO DO 90004
b :

Membrane
ATP pool

Types of membrane-bound hemoglobin: .
= Adsorbed by non-covalent interactions - a reversible fraction
» Associated by disulfide bridges is an irreversible fraction




O6pasoBaHue Teneuy NrenHua
HeobpaTumoe cBA3biBaHUE

HbFe2+ - ) e
deoxyHb R T, ;’ '
== J e
methemoglobin TN (572 \
Oz NAD reductase » .t 3% 3 2 '
: T (3 Y ’
NADH > o .r', \ —
Hb(Fez*)O Hb(Fe®) . o AR - @
oxyHb metHb ’ - N '_f:,.‘ .’. -q - 4 @ @
02 reactive SaisV F
‘ | oxygen

species \.’r‘ @
‘ SH @ ‘QQGO 0@0
_— SH
sns e,(w ®e ®
S—S§ 00

Heinz bodies - Vviolet inclusions in

erythrocytes, detected with vital staining of
00 s—s ee " e@ H Yo g
SH (90 0

S —S§ (;) methyl violet



Koraa nosbiweHo coaepaHue MIBHb

+ Fetal hemoglobin thio'_ogica' \
inding

* Hypoxia

« Cardiac ischemia

« Coronary atherosclerosis

« Extreme physical exertion

k Oxidative stress /

« Aging of red blood cells

« Hemoglobinopathies: sickle-cell anemia and a-
thalassemia

Pathological
binding



CopepxxaHne MBHb B cycneH3uu 3pUTpOLUTOB,
MHKybupoBaHHbIX ¢ NaNO, n GSNO

aNO, - 0,8 m
GSNO - 8 mM

Membrane-bound Hb, %
o = N w NN (@) (@) ~ o0

Control NaNO2 GSNO

Washed RBC in 10mM Tris-HCI buffer (pH 7.4) with 150 mM

Shumaev K.B., Kosmachevskaya O.V., Timoshin
A.A., Vanin A.F., Topunov A.F. Dinitrosyl iron

NaCI were 90 m|n |nCUbated at 37 C W|th NaN02 and GSNO. Comp/exes bound with haemog/obin as markers
Soluble Hb was detected in hemolysate, membrane-bound of oxidative stress. // Methods in Enzymology.
one in the pellet with pyridinehemochrome method. 2008. V. 436. Globins and Other Nitric Oxide-

Reactive Proteins. P. 441-457.



CopepxaHue MBHb B apurpouyutax nayueHTos
POHU vm. H.H. bhoxuHa

Control group (n=26)

[ before 3,2%
C133-49%
[ above 4,9%

62%

34%

4%

Norm

(t=1,7; p<0,05)

Patients (n=125)
2 before 3,2%

I:l 3,3'4,9% 53%
[ above 4,.9%

39%
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[Toka HeT 0ObACHEeHUSa ABNEeHUIo

HaKonmeHna rmnokCcun, korga y
O0ONbLHOIo € pecnMpaTopHbIMU
npobrnemamm nocrne BUANMOro
VIy4YLLIEHUA HEOXKNAAHHO
ocrnabeBaeT KucnopoagnepeHocsLlas
dOYHKLUUSA KPOBU U HACTyNaeT pPe3Koe
yXyaLleHne, BrsoTb A0 fNeTanbHOro
ncxopaa.



B kayecTBO 0ObACHEHUSA 30eCb
MOXET ObITb MCNOSIb30BaHa

Knaccuyeckasa KOHLEeNuUmns

cTpecca rno Cernbe, korga npu
CJIMLLKOM OO0SITOM UNN CUNbHOM
BO30ENCTBUN HA OpraHn3m
nocne cragmm agantauumu
HacTynaeT cTagms UCTOLLEHUS.



HevoAabluoW TeCT
Ha cTpecc...




®a3bl cTpecca no I.Cenbe

ConpoTHRAREMOCTS
OPragmiIMa

4

Crams Tpesors

Hexommlt yposens 10
HAMAIR BORNERCTENY




PNTTOCODPUA



[eopr Bunbrenbm Ppugpux 9Banbg Bacunoesny

Opuaopux N'EMEJIb OHIEJIBC NITbEHKOB
(1770 - 1831) (1820 - 1895) (1924 - 1979)
[MpenctaBuTENb HEMELKOW OavH 3 co3parenen CoBeTtckuin punocod,
Knaccuyeckon dpurnocodoum, MapKcu3ma, aBTop cneunanuct B obnactu
cdhopmynupoBarsn 3akoHbl «dnanekTnku npupoabi». ANaneKkTUKu.

ANAIIEKTUKN.



EONHNYHOE, OCOBEHHOE N BCEOBLUEE —
donnocodckmne Kateropum, BbipaXarlLime
OOBLEKTMBHbLIE CBA3M MUpPa, a TakKKe CTYMNeHu Wux
no3HaHus. Kaxgblh OObEeKT npeacraer nepen
4enoBEKOM CHa4arsia Kak HedyTto eduHu4Hoe. OgHako
yXX€  Q3neMeHTapHasi npakTuka obHapyXuBaeT
NOBTOPSAIOLLIMECH  MPU3HaAKNW  psida  OOBLEKTOB,
no3BonsieT OO0beAuHATb WX B  OMpPedesieHHble
krnaccol. OOwWKMe 4YepTbl, MPUCYLLUME HEKOTOPbIM
oObeKkTamM, OTHOCALLUMMCSH K OnpeaerieHHOMY Kriaccy,
BbICTYyNatoT KaK ocobeHHoe. Lpyrve,
obHapyXxuBawuwimecss y Bcex 0e3 UCKNYeHUsd
npeacraBuUTeNnenm 3TOro Kriacca, paccMaTpuBatoTCS
Kak saceobuwee.



«CoBpEMEHHbIEY remMmorrnobuHbl HaACTOJIbKO
pasHoOObpa3Hbl MO CTPYKTYpe M PYyHKUUAM, 4YTO ANS
HUX TPYAHO BbLIAENMUTb MMEHHO 8ceobuwee N paTtb
onpenerneHne, KOTOpPOe oOxBaTbiBaro Obl Bcex
npeacraBmUTeNnen aToro cynepcemMmencraa 0enkos.

Muornobun «Yceuennslity Hb daBoreMornoorH
KalajoTa Mycobacterium tuberculosis Escherichia coli

[Touemy e Tak TPyaAHO [OdaTb onpeneneHune
remornobnHam? [loToMy 4TO, HECMOTPS Ha pan
gceobuwux npU3HaAKoB, MYHKUMM Yy 3ITUX OENKoB
0CcobeHHbIe, a B HEKOTOPLIX Cry4Yaax — eOUHUYHEbIE.



MoXxHO  BblOENUTbL  cregywwune  sceobujue
NpPU3HaKn reMornoobuHOB:

Hanndyne Fe-npotonopdupuHa |IX B KayecTBe
NPOCTETUYECKON TPyMnnbl, MPUCOEOAUHEHHON K
rMmobMHOBOM YaCTN HEKOBANEHTHO,;

a-cnmparnbHasi  opraHusauust  nonmnenTUaHON
Luenu;

WHBApPWaHTHbIN TMCTUOWMH B cnupanun F8, KoTopbIn
ABNAETCA NpOKCUManbHbIM NMraHAOM rema.



TonyHoB A.®., KocmayeBckaa O.B.,
LLlymaeB K.B. F[emorno6bmHOm —
Habop Bcex reMornoouMHoB

opraHunu3amMa. // Tpyabl XXI mexayHapogHoMm
KOH(pepeHUNN U ANCKYCCUMOHHOIO Hay4YHOro Kryoba
«HoBble MHOPMALMOHHbIE TEXHOMOIMMN B
MeaunuunHe, buonornn, doapmakonormm v
akonorm». IT + M&E'2013. YkpaunHa, Kpbim, AnTa-
['yp3yd, ¢ 05 no 15 nioHa 2013 roga. C. 150-152.
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[TTeponakTunb (Pterodactylus)



A. KoHaH-[lonnb «3aTtepsiHHbIA MUP»




[Tne3unosaep (Plesiosaurus)




I i
N Yot U.r




[JomMmallHAA CBUHBLSA Kawasnom
(Sus scrofa domesticus) (Physeter catodon)

[nutenbHoe HbIPAHUE — HY>KHO bonbLlue KUCJiopoada —

B MblLLLIAX BonbLue MUornodunHa



Erik Ludvigsen Pontoppidan, 1698—1764.
[1aTckun enuckon n HaTtypanucr.
AsTop kKHuru “Bidrag til Norges Naturhistorie”.












BHYTpeHHA NOBepXHOCTb NaHUMUpA Kpaba
Cancer productus okpaweHa reMmoumaHuHOM B
cdomoneToBbLIN LBET




MARTEPHET-
BU3SHEC



Mawnkn
OAPALEN
(1791 - 1867)




B 1845 r. Mankn ®apageu c yamBneHuem
yCTaHOBUI1, YTO KPOBb AnaMarHUTHa.

B 1901 Aptyp [amxu nokasan, u4TO
AnamMmarHutHa apTepuanbHasa KpoBb, a
BeHO3HaA — napamMmarHuTHa.

B 1936 r. JlanHyc [llonuHr n Yapnbs
Kopben o6baCHUNKU, no4yemy 3TO Tak
(u3-3a pas3nnMuIna OKCUreHNPOBaAHHOIo U
HEeOKCUreHUPOBaAHHOIO reMornoouHOB).



Peknama B UHTepHeTe

B Ka)xgom KpacHOW KNeTke KPOBW €CTb MUIIIMOHLI MOSIeKysl reMmorriobunHa, B
LeHTpe KOTOpbIX HaxoauTcd aTtoM xenesa. [lpy BO3OenNCTBMM Ha Hero
MarHUTHbIM nosiem NOBbILLAETCH CNOCODOHOCTb remornobumHa
TpaHcnopTupoBaTb Kucropod. Takmm obpas3omMm opraHbl U TKaHU MNosyyaroT
bonbwe kucrnopodga. Kucnopon ydyactByeT B 00OpasoBaHUMM SHEpPrun B
MUTOXOHOPUSAX KneTok (AT®), koTopasd ucnornb3yeTcs A9 pasfMyHbIX Leneu:
OT cuHTe3a benka 40 MbIWEeYHbIX COKpaLLEHNM.

B 1954 r. n3BeCTHbI aMepuKaHcKum xumuk JlamHyc NonuHr Obin yooCcToeH
HobeneBckon npemun B obnactu XMMuMM 3a OTKPbITUE MAarHUTHbIX CBOWCTB

remornoounHa.

MarHnTtHbI MeaHbIn 6pacneT LWapgxa.
Llena: 850.00 py0o




Yero xpartb?

HoBble Tunbl remornoonHoB

«CTtapble» reMornodbunHbl B « HOBbIX»
OpraHn3amax

«HoBble» remornobunHbl B «CTapbIX»
opraHmamax

BblAaCHEHNE NPUYNH CTPYKTYPHbIX U
dyHKLMOHANbHbLIX pasnmMynm

OTKpbITUE HOBbLIX PYHKLINN
3y4yeHune 3BOMLMOHHOIO NPOUCXOXOEHUS
KoHCTpynpoBaHne remornobmnHos

MoanduuympoBaHHble reMOrfIoOuHbI -
oDHapyXeHue n gnarHocTuka



Banentvh HUKUTAEB Koncranutun KINIOEB Banentuna BIIMHOAPD



Cnacmbo 3a BHUMaHue !




BnuaHue GSNO Ha HakonneHue donyopecunpyrowmx
NPOAYKTOB NMUKUPOBaHUA reMornoouHa
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Max Perutz “Science is not a quiet life: Unravelling the atomic
mechanism of haemoglobin”. World Scientific Pub. Co. Inc., 1997, p. 168.



emoumaHuH _
DYHKUMOHANbHbINA
YNeHUCTOHOINMX 3anemMeHT cy6beanHNLbI

AKTUBHbIN
LeHTp

1x6 (MoHOMeEp,
COCTOSILUMI U3
6 cybbeauHuy)

= . femouuaHuH
Cy6neaunuua MOJIJTHOCKOB




Xak-Jlyn COPE (1827 - 1890) B 1883 r. onncan nonocy CUribHOro
NOrnoLweHna cnekTpa KpoBu B yneTpaduonetoBomn obnactu
(~400 Hm). BnocnenocteBum ObINIO NOKa3aHO, YTO NoOJfioca CBA3aHa

c nopcpmprHamMm U Ha3BaHa €ero UMeHemM.

COMPTES RENDUS
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DES SEANCES

DE T’ACADEMIE DES SCIENCES

CONFORMEMENT A UNE DECISION DE TACADEMIE

L date du 3 Juiffer 83,

PAR MM. LES SECRETAIRES PERPETUELS,
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moyenne de 1° pour une différence d'aliitade de 30m 4 14o® dans les
conches inférieures de I'atmosphére.

» D'une waniére genérale, d'aprés les relevés boraires des thermome-
tres enregistreurs qui servaient & ces observations, la températare décrolt
casent dans ln journée que dans L+ nuit, En un mot, la différence
ture des stations considérées est plus grande dans le jour que
. etcels duns la proportion d 1 4 a.

» Nous arvéterons ici la nomenclawre des documents et des principaux
vésultais qui suffisent deja, nous le pensons, pour affirmer le coractére
spécinl du elimat des parages du cap Horn.

+ Les chiffres ou les conclusions quil nads serait possible d'énoncer
» intérét dans I'état actuel de nos documents.
ade, au lendemain du retonr, sont encore & 't

plus capi
de tem)
dans I n

encore u'offriraic

dont le classement et
d'ébanche. »

MEMOIRES PRESENTES.

ANALYSE SPECTRALE. — Sur le spectre d’absorption du sang dans fa portic
wivletie et ultravioleite. Note de M. J-L. Soner.

(Commissaires : MM. Fizeau, Edm. Beequerel, Cornu,)

# Vaiprécédemment signalé la bande d’absorption que le sang dilus
donne davs Je violet du speetre ('), La photographie i la lnmiére solaire
veproduit trés bien celte bande : j'ai Phonner d'en préscater & IAca-
démie quelqnes dpreaves, obtenues en employant un prisme de spath d'ls-
lande et des lentilles achromatiques quarta et spath-fuor de M. Corn.

» Avee lo sang dilué au 4y, sous une épaisssar de 107, cotte bande
esttrés distinetes elle occupe i peu pres la moitié de Uintersalic compris

H, son centre tambant sur &; L'ultea-violet est tran

nis. Avec le

lle déharde du cts de G, dune part,
et surtont de T d'autre parts tout Pultra-violet est res assombri,

v 1Ly a, du reste, des différences nulables suivant les échantillons.
é i Poxyde de carbone, la bande est ligérement
rejetée du edté e moins réfrangible, et Iultra-violet est moins assombri
quavee le sung oxygéné & dilution égale.

) drchives des Sciencer physiques ot raturelles de Gendee, 1. LX1, p. 3§77 1878,

o & 2

( 1age ]

» Si Pon veut étudier Fabsorption des rayons plus réfrangibles qae
ceux du Saleil, il convient d'opérer avec |a Jumiére de Pétincelle d'indue-
tion, en employant le spectra 4 oculaire fluorescent et I'appareil 4 épaisceur
variable précédemment décrit, On reconnait ainsi, avec de grandes difé-
rences numériques suivant les éetanntillons, que la baude du violet, s'éten-
dant dans Pulira-violer, se manifeste parce que la raie du mognésiom
A= 3A3 (prés de L) disparait avant la raie g du cadmium, & laguelle cor-
respond un maximum de transuission. Au deli, on remarque deux non-
welles baudes d'absorption, dont Fuoe, tombant sur Cd 13, est probable-
ment due 4 Phémoglnbine, tandis que lautre, tombant sar Cdig, et
évidemment celle de la sérine. Le maximom de ransparence qui sépare
ees deux bandes cofuci avee la vaie du X=30g:
le maximum suivant tombe surCd 18, puis I'ibsorplion augmente graduel.
lement jusqa’a Fextrémité du spectre.

» Voiti, comme exemple, les chiffres qui ont éié obtenus dans Fune
des séries d'observations i 'on a employé du sang de beeuf défibriné et
dilué au 3; ces nombres indiquent les épaisseurs do liquide qui inter-
eeptent les diverses raies,

R, Epmisours, i
ER TR
57 Giza
i 2.
32 a5
s a6
jo5  zam
36 8
7 £l
3,0

» Lorsqu'on op du sang traité i Poxyde de carbone,
sont peu modifiés : la différence la plus saillante est que la raie du magné-
sinm k — 383 est plus facilement transmise, ce qui s'sccorde bien avec le
déplacement de la bande du violet que nous avons déji mentionné; la
bande d’absorption suivanta est aussi légéroment rejetée du coté le moins
réfrangible. »
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Cxema 3Bosnoymm
pacTuTenbHbiX Hb.
[1Ba knacca

§ \<f : pacTuTenbHbix Hb
oxygen :

‘ transport ):&——-H NnayT C pasaerieHnA
_Q oAHoJoMbHbIX (M) 1
\ """""" ' OBYOOmnbHbIX (D) oT
\ npenkoBbIX (P).
TpaHcnopTteps! O,

‘ scavenging/ (nerornobwuHsl, Lb)

sensing ; g MPOU3OLLINKN OT 2-T0
% Knacca ABYOOMbHbIX
2 3 Hb y 6060BbiIx (D2).
\ Lb neHTakoopamnHat-
Hbl, B TO BpeEMS, KakK
CBs3blBaloLLMe/CEHCOP

Hble Hb (D2, D1, M1)
— rekcakoopamHaTHbI.
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Destruction of hydrogen peroxide by
glycated recombinant Lb from E. coli cells

miM/min

1 0.32 Mol/min*mg protein

2.76 Mol/min*mg protein

5 10 15 20 25

Hydrogen peroxide, mM

mM/min

14

12

10 -

0.18 Mol/min*mg protein

0.73 Mol/min*mg prote
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Hydrogen peroxide, mM
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K KQPOOHUNBLHOMY CTpeccy

Glyoxal- HN-Protein
monoalkylimine AGE

ang S

H,N-Protein

e Glycolaldehyde AGE

Schiff Amadori H,;N-Protein
H,N-Protein Base Product AGE

2 A
Ui, H,N-Protein
9% Fructose 3-Deoxyglucosone

Fructose-1-phosphate

H;N-Protein
Methylglyoxal
2, 3-Enol yigly p@
Glyceraldehyde H;N-Protein
3-phosphate Glyceraldehyde

D-Glucose




BocctaHoBneHne n HUTposunuposaHue metHb B
cucteme Lys-MG-GSNO B a3pOOHbIX yCrioBUAX

HbFe!'+ GS-NO*- —— HbFe''NO + GS*
HbFe" + NO-—— HbFe''NO
dialkylimine + HbFe'"—— dialkylimine* + HbFe'

(a) (b) (c)
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Absorption and CD spectra of the native Lb
and Lb glycated with methylglyoxal

- 04 [6] (degree*cm?2-*dMol 1)
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-30000
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Wavelength, nm

1 — spectra of oxidized Lb;
2 — spectra of reduced Lb-MG



Koppenauua mexay yposHem MBHb u
YCTOMYUBOCTbIO 3putpouutos npu aencrsumn HOCI

4,5

—&— Soluble Hb

40 1Z, —e— Membrane-bound Hb

SHb / MBHb, % of total Hb
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: : , : , :
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3aBMCUMOCTb YCTOMUYUBOCTU 3PUTPOLLUTOB
ot yposHAa MBHb

n L . o
5 - ! stabilization zone ! stabilization zone

Soluble Hb, %
w EN

0,7-2.3 I : 3,2-4,7
Membrane-bound Hb, %




Bo3MOXHble PYyHKLMM HENPOrNIOOKMHa

Burmester, Thorsten. // J. Exp. Biol. 2009, 212, 1423-1428.
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