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Jlekumna 2.
femornobuH: ctpoeHne n pyHKuUN.

[1o melowmMMcs B HacTosLLee BpeMS
AaHHbIM, NOYTK BCe aykapuoTtunyveckne Hb
NponcxXoadaT OT obLlero npeaka, To ecTb
BO3HMKHOBEHME npeakosoro reHa Hb
npoun3oLusio okomno 1,5 MIH. net

Hasag, eule 0 pacxoXaeHUsa pacTeEHNN n
KUBOTHbIX.

YK 581.134.4 Ycnexu bmonornyeckom xumum, 1. 41, 2001, c. 199—228



Ob6cyxaoalTcs camble pasnuyHble JaTbl BO3HUKHOBEHUS
obuiero npeaka Bcex Hb - ot 1,8 MnH. oo 3 mnpa. net Hasag.

Hb NO3BOHOYHbLIX OTAENUICSA OT OCTalnbHbIX XNBOTHbLIX Hb ~650 MnH. net Hasag,

f PACTEHUA N /TPUBBl / AKHUBOTHBIE \
I ae H
LpeTkOoBBE Hb ['pubst fIHb MossoHouHEe Hb Hb Hcy
['onoceMeHHBIE K qﬂ':'lTH-L-"I'ﬂI!ﬂI_I-ﬂI:
IanoprHuko- .
BHIHEIE Huzmne
. . XOPIOBLIE
[MaavHOoBRHIHEIE , Crnae- Hb ,a/"’/ (D%’-’-HH?}
[MennoroBHIHbBLE BHKH Moroodupe |~ TP¥TIIH Hb Hey
XEOUICBHIHEIE r \ MouockH Hb Chl Hm
Konkuateie
MoxopHIHbIE JIHmaiHHER Hh Maevenorne Hm YepRu
s ";."'r l HMraokoxne MiaHER
Xapogsle R : \ Hb
BOUOPOC/IH ; DopoHHTI
“~<3eneHsie - Y J Hb
BOAOPOCAH :' HemepTHHE
X opo- . : r Hbk Hm
Hb E._..aurm} S;ﬁ%l;’i[lﬁwm YRATHOLRI \ HemaTenbMHETEH
é rPYINb) Mnockwe vepsn Hb
BarpsHKH Hb flHb IyoKH | KHlIeuHOnonoc THeIE
\ :  Bakrepuu \\-
' Hb [MpocTeimue
LlHanoGakTepHi
AYBAKTEPHH “APXEBAKTEPHH
MPOKAPHOTHI

Puc. 1. PacnpocTpaHeHHe reMorno6MHOB ¥ NpeacTapiTened pasTHYHEIX LADCTE XHBOH MPHPOIEL.
Hb — resornodus (Br1ouan Mb i Lb), fIHb — durasoremornabus, Chl — xnopoxkpyopsH, Hm — ressputpuH, Hey — reMourasmH

YIOK 581.134.4 Ycnexu 6uonornyeckom xummm, T. 41, 2001, c. 199—228



MoneKkynsipHbIA KUCNopo, NAOX0 PacTBOPUM
B BoAe: B 1 N1 nna3mbl KpOBU pacTBOpPSiETCS

Bcero nuwb 3,2 mn O, I'aobun+reM (mporonopdupun IX — Fe?*)
- [eMornoBuH cnocobeH ceazaTh B 70 pa3 4 NAPPOABHEIX KOABLIA
GonbLe - 220 mn O,/n. o, + METHMHOBBIE MOCTHKH
Y MY>K4MH - 158 r/n, FeM "’C\c_c/c“
y *KeHLWMH - 140 r/n HC=C.  CmCh
5 ‘N/c ' CH
Ha 1 spurpouur — 26-36 mr (10-12) + H,c\?,c\ /° ner ,
N »

1 rp Hb - 1,36Mma O,

Monekyna reMornoomnHa



TUIIBI TEMOT'AOBHHA

[emornobuH P (3MmBpurOHanbHbIN) A0 ABYX MecaueB (aaeEe).

femornobuH F (aayy) - (1-2%)

C BbICOKMM CPOACTBOM K KMCAOpoAay. ITa 0cOOEeHHOCTb CBA3aHa C HU3KUM
cpoactBom HbF k 2,3-BPrI. 2-8 mecaueB bepemeHHOCTH, cocTaBnseT 90-95%

Bcero remornobumHa naoaa.
Mocne poxaeHna konnvectso HbF cHmkaeTca

femornobuH Al aduit (aapp) - (95-98%)

[emornobumH A2  (aaoo) - (1,5-3%)

Ero cogeprkaHue B 3puTpoLMTax B3pOCNAOro
yenoseka paBHoO 2%.

femornobuH A2, Tak»Ke Kak n remornobuH F,
obnapgaet 60nee BbICOKMM CPOACTBOM

K KNCNOPOAY NO CPAaBHEHWUIO C
remornobnHom Al.

[emornobuH A3 (2o 2B)- obpasyeTca

No Mepe CTapeHUA 3puTpoLmTa, NPU NPUCOEANHEHUN K LLUCTEUHY

B-uenwu rnyTaTnoHa.
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Yolkl sac Li\lrer | Spleen marrow
1 I
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erythropoiesis
100
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Globin chain synthesis (% of total)

50}
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Prenatal life (months)
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Age (months)



The Hsp70 chaperone system: distinct roles in erythrocyte formation and maintenance.
Y Mathangasinghe //
Haematologica 2021, doi:10.3324/haematol.2019.233056
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Proximal -
RS NPOKCUManNbHbIA AWCTanbHbIN
histidine g::))l'g::l . OCTATOK 02 OCTaTOK
(02) rmcTuauHa cTnauHa
Distal
histidine ’

(E7) K

F Helix _T E Helix F-Cnupanb lem FI;Cnm:)::uru:.
F-helix
Figure 3.14 Binding of oxygen to heme in hemoglobin ™~
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I'IpM npmncoegnHeEHN KUCAopoda CTteneHb OKNCNIEHUA aTOMaA KeJle3a He
MEHAETCA.

[ dparment MOICKYa
IHCTHIAHHA : KHCIOpOaa

H,C=CH CHz
lll.‘fplillii_l;;-lml!hl]“l
rommnere Fe
Mormal Hb

99%
B TeueHune cytok o 1-3% remornobmHa MOXKeT CMOHTAHHO OKUCNATLCA
c obpasoBaHuem metremornobuHa: Hb (Fe?*) > MetHb (Fe3*)
BoccTtaHoBNeHMe meTremorniobmnHa Ao remornobuHa ocyulecTensaeT \/
MeTremornobuHpeaykTasHasa cuctema. OHa coCToUT U3 uuToxpoma b5 u
umToXpom b5 peayKrtasbl (GnaBonpoTemH), AoHOpPOM Bogopoaa cayxuTt| HAOH2,
obpasyowmnca B MIMKoause. 1%




COEAVMHEHWVA TEMOIJIOBVHA

Okcuremornobun (HbO,) Fe?*

BocctaHoBneHHbIM remornobuH (Hb)

Kapbremornobun (HbCO,).

Kap6OKCVII'eMOFI106VIH (HbCO) cpoacteo K CO B 200 pa3 6bonblie
MeTremornobuH (MtHb-Fe3 - OH).

femuH (Fe3* - Cl).

[MpoasneHna metremornobmHa moryT 6biTb
00yCNnoB/IEHbI TMMOKCUEN N YCUNIEHUEM
aHa’pobHoro merabonusma.



Pacnapg saputpouunTtoB

® rmobuH paspyluiaercs

A0 aMUHOKMUCNOT
[ranTornobuH+Hb] @ Bpems XU3Hu
(@ KOMNOHEeHTLl rema 120 gHen
B KDOBU

[ranTornobuH+HDb]
+ CD163 makpodpara gy

nrenartounTa / \
. (minus iron)

no 6unusepauna & @ (ronions)

B NeYeHN TpaHchepprHOM Kposm
1 HEPPUTUHOM NEeYeHU

tharoymTo3 CcTapbiX I

3PUTPOLMTOB B NEYEHU U CeneleHke

®

““monogble” 9pUTPOLUTLI NPOXOOAT YePE3 CUHYCHI
ceneseHKM MUHYS LEenu Mexay aHaoTennanbHbIMU
knetkamu (=0.5-2.5 um). Ctapble KNEeTKM 3TOro He MOryT



effete rbc phagocytized
by macrophages

egraded in
phagolysosome

Heme + globin —-aa

Unconjugated
Porphyrin—> piiubin

<

added to proteins

stored (ferritin or
hemosiderin) 0&

Released to
transferrin

0,
NADPH
Heme oxyge

Biliverdin

Fe'

Biliverdin reductase

Bilirubin

Unconjugated
bilirubin + albumin

nase

Vasodilatory
Anti-inflammatory
Anti-apoptotic
—> Anti-thrombotic
Angiogenesis



Ob1iee koandecTBO Fe y B3pocaoro
yeaoBeka oT 3000 mo S000 mr

e My AOUHO -KHLLE YHEBIR
TPAKT

®eppuTH — 6€10K BbINONHAKOLWMIA POSIb OCHOBHOTO
BHYTPUKAETOUYHOro Aeno xenesa. CTpyKTypHO COCTOUT U3
6enKka anopeppmnTMHA U aTOMa TPEXBAZIEHTHOIO *Kenesa B
cocTtaBe pocdaTHOro rmapokcmaa.

CeAzaHHOe
HeremoBoe MUoFASGWH K
#eneso remornotuH
(1] ;'ZT;;;E‘;E“ OfHa MonieKyna GeppuUTMHA MOXKET coaepKaTb Ao 4000
HELTEHBH H;I:Tegu y aTOMOB Kenesa.
poBb
Npyrue SHTepoumnT —\\
thepMenTsl
OKCUreHaza
Mem poTONOP@HPHH
CTHMY NATOPLI
+ Caxapa \ Fel* oFEJ+ Nedectun
» Kucnotei ~ -Cu* | TpaHcde ppyH-Fe?*
* KncnotHeid pH .\‘ MedrectuH
* Myunh Fe2* ~Cu?t e 3
* XneoTHoe o Falt e (9]
MAco Fe?* cBAZaNHO. ¢ /
\‘t KNETOUHBIMK @ AnoTpaHcgeppuH
/'59” KaMK \ DepponopTHH
Mcnonesoeanue SanacaHwe B
KNeTKor theppuTUHE _j
*llenoyHon pH I'nuxonporr)ena, 80 kDa,
*MNonudrenonsl (B-moGymei
*Okcanarei 65% Fe B coctase Hb Ofc e niepim; cerjami;
- DUTATBI WanuvwHes o = 1w pH —
. DocBuTHH *eneso 25% B KneTkax P3C KKM oo ol
+« [ByXEBANESHTHEIE KATMOHI IKCKPETUPYETCA CBA3LIBAET 2 aToMa
B hekanuax N NeYeHn B COCTaBe peppUTUHA, Fe?* B NpHCYTCTBAN

AHWUOHOB, 0OLIYHO

3-5% - Mb (Mbiwubl)
0.18% - TpaHcdeppuUH

kapboHata.



" Mevens

3anacei weneia—¥—» | == Bocnanenue

AU,

|

fencManH — NnenTUAHbIX rOPMOH, PEryafaTop
KOHLEeHTpauum Kenesa B naasme u
pacnpeaeneHus ero B TKaHAX. [poayumpyetcs
renaTounTamm, OTHOCUTCA K Benkam ocTpon
¢da3bl, yyacTByeT B UHOEKLUMOHHbIX U
BOCMaUTeNbHbIX Npoueccax. CekpeTnpyerca B
OTBET Ha NOBbILEHNE YPOBHA XKesesa n npu

BOCMaNEeHUMN.
Fencudun
\ E} E} _
pp lmnpmuu hpp-nd/:tun '"'“’ YN
Fel+ Fe2+ Fel+ FE 2+ jﬁ
anrepuuﬂrJ A E;fﬁﬂ'
__—_ hﬂnuﬂw
Fed+
f ”“_"‘_Pa . FencnIp,uH
Tpucwppun .
CHuXeHune ypoBHA Fe B
JPDHTPOUNT
OpraHusme
[eHbl:
3PUTPONOITUHA l
TpaHcdeppuHa, Hif1

ero peuenTopos
LLepynonaasmuHa



Perynsuus Xenesa
B renarouurax oogo% sl Pewupkynsuyua
0%Q, Xenesa B
Makpodarax

ceneseHku

ooncvmmu
Oo A 210 0
)
oV oo

0
(0]

lencvauH
RBCs

Fe(ll)  Fe(ll)

Mornowexue
NnULLEeBoro
¥enesa

JHTEpoLUTaMH Bcee TkaHu

CuHTe3 remornobuna

YTunusaums xenesa B
B KOCTHOM Mo3re

% emonercus CKeNeTHbIX MblLLAX



AHEMUN — «MaNo 3PUTPOLMTOB U/MNn remornobuHax»

XenesogednumTHas aHemus CepnoBUAHOKNETOMHAs aHeEMUS

(reHeTn4yeckoe 3aboneBaHue)

Sickle
cell

Abnormal Normal

hemoglobin hemoglobin
HEMOGLOBIN ~ BINDS 1 0, :
~BINDS 240, Mg " TRGLEIN MaTtonornyeckas dopma - remornobuH S
= %TRANSPOP‘TER . Cza%za:;;é?:f;ﬂie " Femorno6uH S BosHMkaeT npv 3ameHe ageHnHa Ha TuMnH B uenn HK,
ALL the TISSUES in BODY  HELPS GENERATE ATP NPVBOAALLEN K 3aMeHe rMyTaMMHOBOW KUCMOThI Ha BanuH B 6-11 Noauumm
OeTa-uenu rrnobuHa
Meraﬂ06ﬂaCTl/|‘-leCKaF| adHeEMU4A reMOJ'II/ITI/I‘-IeCKaﬂ adHEeEMU4A
HepocTtaTtok B12, B9
(cdbonmeBow KNCNOTbI) AUTOIMMUNE HEMOLYTIC ANEMIA

* 1 RBC HEMOLYSIS

Normal L | RBCs than NORMAL ®
Red Blood Cell .!

Megaloblastic Anemia Cells ‘ (\ M % IDIOPATHIC
: T % CAN be RELATED to:
u L MEDICATION SIDE EFFECT

Large

Red Blood Cell b UNDERLYING DISEASE PROCESS




HEI{EITL'JFII:IE aHoManbHble reMmornobuHbl

ObozHayeHneMyTauma PacnpocrpaneHne (OCHOBHbIE KNHHUYECKHWE NPOABNEHMA
[EMONMTUYECKaA aHEMMA, MHPAPKTEl pPas3NMYHbBIX
HbS hE&rny->Ban  [AdpuKa
OpraqHoe
HbC herny->=Nuz  [AdpuKa MNerkad reMonMTdeckan aHeM A
KOro-BocTtodHan MWUKpoLUWMTapHaA TMNoOXpoMHaA aHeMKMA, MHoraa co
HEBE h2elny->MNnz

AR

CNeHoMeranveid

[[eMONUTMYEeCKaA aHeMWa, Nocne CNNeH3IKTOMMK

Hb Koln h58Ban->MeT [OTOENbHEIE CRYYAKM )
MOABNAKITCA Teneua MNerHua
HbYakima h99Acn->Mic  [OTOenbHbIE CAYYaK [2pUTpoLMTOS
OTaenbHEIE
Hb Kansas hl02AcH-=Tpe [erkad aHeMK1A
cydam_

Hb — remornobun.

-..'

) I\
CSFA

HbCC
HbS (with 10% HbF)
HbF + HbA (newborn)
HbAA




100 ~

Tissues at rest Alveoli
¢ Total blood O, ‘ Left-shift: increased oxygen affinity

100 - ' 20 <

E T - - Alkalosis
a0 | o T - Decreased pCO
£ E O, bound to Hb ?Dj - Decreased 2,3-B2PG
-8 80 | | = e - Decreased temperature
o™ 415 = < - Increased methemoglobin
s} i B 5
E 01 ! 8 %
[} E‘ foal L
I 60} { Resting physiological range 5 60 1
H5 | % 2 Right shift: decreased oxygen affinity
S 50 ! 4110 £ ¢ >
'-g : ?_’ g - Acidosis
e 40 - | o c - Increased pCO,
2 { 2 8 4 - Increased 2,3-BPG
8 30 I 3 = - Increased temperature
o~ | 45 c g - Decreased methemoglobin
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PO, (mm Hg) Acta Physiologica, Volume: 240, Issue: 3, 2024,
Ps =28 mm Hg DOI: (10.1111/apha.14081)
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Partial pressure of oxygen (mmHg)
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g dTemperature _» e J pH
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- ~ Hb-0, Affini P
nameHeHuUM B reme, Bospactaet CpoacTBo K cneayrouwieun 6\, 504 - - - 'f" _ _’.: , Affinity 50
monekyne O2. - KOoNnepaTuBHbIe B3auMoaenCcTBuUA. put / ! High . 18 mmHg

= ;o
l'IETBepTc':H:l MoneKyna Kucnopoaa npucoeanHaetTca -8 5. ,, : Intermediate @ 26 mmHg
K remornobuHy 8 300 pa3 neruye, Yem nepBas Mo/sieKyna. [} A !
g : : Low @ 38 mmHg
D y | |
T O

Hypoxia Inducible Factors as Central Players in the Pathogenesis and Pathophysiology o 0 10 20 30 40 50 60 70 80 90 100
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Frontiers in Cardiovascular Medicine 2021, DOI: 10.3389/fcvm.2021.709509
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Physiology of Oxygen-Hemoglobin

Normal physiology of hemoglobin:

Adult hemoglobin, When partial pressure of O, (p0O,) is
Hemoglobin A (HbA), {/, bonds between subunits are
is made up of two a- =
subunits and two B-

subunits

in this deoxygenated tense state (T-
state) = Has |, O, affinity

Normal physiology of hemoglobin in the body:

strained = HbA subunits stabilized =

s s . Authors: Reviewers:
DISSOCIatIOI’\ Cu rve Sravya Kakumanu Parker Lieb, Sunawer Auijla,
Kayleigh Yang  Marissa Zhang, Tara Lohmann*

Victoria Silva * MD at time of publication

oL 4

200

oa
. 00

| M

As pO, 1, O, binds a T-state subunit

-> Subunit destabilizes = Subunit Rerfl:';unlng Jestale Slflbunlts bafRpicly binds
destabilize = All subunits convert to R-state
changes shape = Becomes - o binl
oxygenated relaxed state [R-state] > to R-state to stabilize HbA subunits,
(Positive cooperativity) saturating HbA

Has P O, affinity

In lungs: In tissues:
T 100
1 pO, during respiration HbA is in its deoxygenated, -- § 0 1 0, consumption due HbA is in its @@
(~100mmHg) T-state .. § to cellular respiration oxygenated, R-state
l ! : ' (0,10,
ia N2 pOz("‘t}OmmHg)
T-state subunits favor O, ¥
binding l : R-state subunits favor O, unloading
* 0 50 100!
PO, (mmHg)

When p0O, > 60, O, binds to
a circulating subunit in the
T-state

\4
Subunit destabilizes >
Subunit changes shape to R-
state > 1 O, affinity

\/
Positive cooperativity:
All subunits transition from
T- to R-state

\ 4
0, quickly binds
remaining subunits
]

[0:
<
o: Jo.
Q00

M 0, loading in
pulmonary capillaries

7
Sigmoid-shape oxyhemoglobin
dissociation curve

When |, pO, in tissues, O,
unloads from a R-state

o0
0:1 _

In some HbA molecules, O, remains bound <=

\ 4 subunit
Reserve oxyhemoglobin is available for 4
higher O, demand states Subunit destabilizes > @@

Subunit changes shape to T-
state > |, O, affinity

\4
Certain disease processes (i.e., Positive cooperativity: All

Hypoventilation, V/Q mismatch, impaired O, <= subunits transition from R-
diffusion) cause pathologically {, pO, states to T-state and release O,

on

o,

\d
1 Deoxygenated T-state HbA l L
u ing i
¥ 0, unloading in

peripheral tissue

Rapid desaturation of remaining
oxyhemoglobin due to positive cooperativity

\/
Rapid hypoxia onset at low pO,

Legend:  Pathophysiology Mechanism Final effect
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MopcKon neckoXxun
(Arenicola marina)

Kpokogunosas 6enokpoBka (Chaenocephalus
aceratus). mybokoBogHble pbibbl obuTatowme B

B kpoBsiHOM pycne 4yepBsi remorrioduH (Hb)
XOSTI0AHbIX BOoAaX, Y KOTOPLIX HET reMornobuHa.

HaxoauTtcsa BHEKNETOYHO, a pa3Mepbl MOMEKy bl
remornobunHa 4Yepsa B 250 pa3 MeHbLUE 4YernioBe4eCKoro
aputpoumTa.

CtaTtbs «'eMorrnobumH KpoBM MOPCKOro YepBS Kak NoTeHLUnanbHbIN
OMONOrM4YeCcKNn ra3oTPaHCNopPTHbIN KpoBedameHuTenb» (Mucapenko J1.B. n
ap.) -

“OpHa ero monekyna nepeHocut B 40 pa3s bonblie kucnopoaa (156
mornekyn), yem Hb 4yenoseka (4 monekynbl). byayyn 6onble monekynsl Hb
(5nm) yenoseka, monekyna Hb yepsa (15-25nm) He gomkHa GrnokupoBaTb
CTPYKTYpbI KNnyboykoBon onnsTpaumm noyex”.



