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Most abundant host cell in human body? RBCs, by far

« 25 Trillion RBCs out of 30 Trillion host cell in the human body;
RB(Cs - Lifespan of ~120 days

 ~0.2 Trillion RBCs made everyday;
- Significant daily energy expenditure in embryonic and adult life;

SIMPLE
« Lose nuclei and organelles during maturation;

"+ No ribosomes: devoid of e fovo protein
synthesis capacity;
 98% of cytosol is hemoglobin!

"

m RBCs m Glya
Endothelium = Derm YET COMPLEX
« They still preserve the proteasome;
m PLIs Bone Marrow « The 2% of the proteome that is not Hb

m Other includes more than 1500 proteins (as of now)

Sender, Fuchs and Milo. BioRxiv 2016; Bianconi et al. Ann Hum Biol 2013




RBC Proteomics: Unanticipated complexity
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High pH RP-HPLC fractionation FASP
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R BCS: Cytosolic isoforms of TCA cycle enzymes
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RBCS: .. 2806 proteins and counting... (Introduction to Quantitative Metabolic Flux Analysis)
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META-INFORMATION: METABOLIC LINKAGE

Metabolites
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SVStE ms Biol 08V: Predicting RBC metabolic fluxes from steady state data
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RBCs: cuinicaL MerABoLOMICS

o (Clinical biochemistry of RBCs is routine practice

Easy to collect;
Extremely abundant _
Only 4-12 metabolic parameters monitored;

* High Throughput metabolomics platform

(+300 parameters in 3 minute)

» Blood testing in HEALTH and DISEASE

Hypoxia;

Sickle cell disease; ‘

inflammaion Prof. Andrew Monte (R35)

eings;
Down Syndrome;

PERSONALIZED MEDICINE INITIATIVE

D’Alessandro et al. Blood Transfusion 2011; Clinical Metabolomics; Nemkov et al. Amino Acids 2015; Rapid Comm Mass Spec 2017



If you still prefer Metabolon over us... maybe bad news
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RBC metabolic reprogramming
0 2 in high altitude hypoxia



High Altitude hypoxia: aurmuneomics

A S

» 21 subjects

(12 males and nine females, age 19-23 yo)

» 3 time points
(Sea Level, Day 1, 7, 16 at high Altitude,
Reascending either at Day 7 or 21 from descending)

First day at high altitude: noon and 8 pm blood draws

B TIME (days)

— Altitude Research Center — Denver
— University of Texas Houston

— University of Colorado Denver ‘5 AltltUd e Resea rCh Center

Rob C. Roach and Yang Xia labs - Liu et al. Circulation 2016; Sun*, Zhang*, D’Alessandro™ et al. Nature Comm 2016



Acclimatization: s concentration increases only after 7 days — but acclimatization is faster!
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Ryan et al. PLOS One 2014; Subudhi et al. PLOS One 2014
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Acclimatization: ope increase promotes 0, off-loading and tissue oxygenation
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Baseline ALT
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MOdEI: Adenosine and Sphingosine 1 phosphate stabilize deoxyHb and promote glycolysis under hypoxia

I 1 1 s HYPOXIA
~ HUMAN" | MoUSE  [ERME S
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Liu et al. Girculation 2016; Sun*, Zhang*, D’Alessandro* et al. Nature Comm 2016; Haines et al. Blood 2016; /minor revisions; Song et al Nat Comm 2017



SCD Sickling is induced by HBS polymerization at the membrane. Does Sphk1 play a role?

Normal

Red Blood Cell Sickle Cell
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Sun et al., in preparation; Zhang et al. J Clin Invest 2015; Sun et al. Blood 2015
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RBC St0rage: can we make it better?

CONFERENCE REPORT

2015 proceedings of the National Heart, Lung, and Blood
Institute’s State of the Science in Transfusion Medicine symposium

BLOOD BANK

Steven L. Spimlnik,j Darrell Triulzi? Dana V. Devine,®> Walter H. Dzik,” Anne E Eder,”
Terry Gernsheimer,® Cassandra D. Josephson,” Daryl J. Kor,? Naomi L. C. Luban,’ STO R AGE OUAI_ITY
Nareg H. Roubinian,'’ Traci Mondoro,"! Lisbeth A. Welniak,'" Shimian Zou,” and

Simone Glynn,"" for the State of the Science in Transfusion Medicine Working Groups* We can make It better

4. “How can we make better products?” Develop
improved methods for preparing classical products
and determine whether there are alternative ways of
preparing analogues (e.g., synthetic, bioengineered,
“biopharmed”).

Spitalnik et al. Transfusion 2015; Glynn et al. Transfusion 2016



RBC storage:
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Metabolites increasing by storage day 14 Metabolites decreasing within storage day 14

D’Alessandro et al. Transfusion 2015; D’Alessandro et al. Vox Sang 2015; D’Alessandro et al. Haematologica 2012; Gevi D’Alessnadro et al J Prot 2012



Statistics: slegnificant changes occur between storage week 2 and 3

AS3: Significant metabolic lesions tend to accumulate by storage day 14
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D’Alessandro et al. Transfusion 2016; Bordbar et al. Transfusion 2016; Paglia et al. Blood 2016



HVpOXﬂﬂthiﬂB: keep it in mind
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RBC Storage: ...and GAPDH oxidation, affecting activity and potentially band 3 binding
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Reisz et al. Blood 2016;



From energy to redox:

Histogram for "SO2 corrected”
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N=997 - Data kindly provided by Dr. Tatsuro Yoshida, New Health Sciences inc

Winterbourne et al. 1978; D’Alessandro et al, Haematologica 2012;



Oxidative stress targets: ros target the most abundant RBC proteins
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Wither et al. Transfuion 2016 — Cover of the February 2016 issue



RBC antioxidant capacity: es pools plummet
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RBC antioxidant capacity: GSH synthesis is compromised during RBC storage

4 GLUTAMINE GSH

*k% 1500001
Bl M+5+1
1200004 B M+5+2
:..:. GLUTAMINE

100000+

80000+
D A R A A R 50000+

IIOIIIIINS 1_“‘“‘-“ 40000-
“Q:Q GLUTAMATE ——» oKETOGLUTARATE 0. 0-

11 1
5-0XOPROLINE

1.5x107 -

COCO0O 1 1 14

1

GSH

1 100000+

YA 5-0XOPROLINE 50000+ 5.0x10° -

@ C
) 15N

A150000-
Bl M+5+1
*%k%

1.0x107 -

0-

STORAGE DAYS

D’Alessandro et al. Transfusion 2016; Whillier et al Transfusion 2012



GAPDH redox sensitive thiols at the interface between energy and redox metabolism
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RBC ST0rage: steady state of PP are depressed, not fluxes!
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HVpOthBSiS: anaerobic storage should promote glycolysis by decreasing oxidative stress

NORMOXIA HYPOXIA
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Castagnola et al Blood Transfusion 2010; Rogers et al 2012; Low et al 1992



RBC Storage: Hyperoxia promotes the mechanisms
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Haines et al. Blood 2016; under review




Anaerobic St0rage : improved energy metabolism
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Quantitative metabolic fluxes

noooogl?cose
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RBC supernatant: markers of STORAGE QUALITY
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RBC Storage: Quality control markers of RBC storage correlating with hemolysis and Hb
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D’Alessandro et al. Transfusion 2016; June 2016 issue cover



RBC Storage: Vesiculation impairs RBC morphology and promotes osmotic fragility

Haemolysis curve
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Anaerobic Stﬂrage : preserves RBC morphology

77 Hemolysis

D’Alessandro et al. / Blood Transtfusion 2013; Blood Transtfusion 2015; Mol Biosystems 2013



Purine Oxidation markers: predictors of post-transfusion survival in mice and humans
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Oxidative stress promotes purine deamination
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Hypoxia prevents purine deamination
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Hypoxia limits purine oxidation and Improves salvage: sunival?
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Hypoxia limits purine oxidation and Improves salvage: suivai?
p

Aspartate 1 MAFAETYPAA  SSLPNGDCGR ~ PRARPGGNRV ~ TVVLGAQWGD  EGKGKVVDLL

/- 51 AQDADIVCRC ~ QGGNNAGHTV ~ VVDSVEYDFH  LLPSGIINPN VTAFIGNGVY
ADSS 0 101 IHLPGLFEEA EKNVQKGKGL ~ EGWEKRLIIS DRAHIVFDFH  QAADGIQEQQ
151 RQEQAGKNLG ~ TTKKGIGPVY SSKAARSGLR ~ MCDLVSDFDG ~ FSERFKVLAN
201 QVKSIYPTLE IDIEGELQKL KGYMEKIKPM ~ VRDGVYFLYE ~ ALHGPPKKIL
AMPD3  Adenylo- 251 VEGANAALLD IDFGTYPFVT SSNCTVGGVC ~ TGLGMPPQNV ~ GEVYGVVKAY
Succinate 301 TTIRVGIGAFP TEQDNEIGEL LQTRGREFGV TIGRKRRCGW  LDLVLLKYAH
351 MINGFTALAL TKLDILDMFT EIKVGVAYKL DGEIIPHIPA NQEVLNKVEV
401 QYKTLPGWNT  DISNARAFKE LPVNAQNYVR  FIEDELQIPY KWIGVGKSRE

ASL \’Fumarate 451 SMIQLF
(2] Adenylosuccinate lyase — ASL (P30566) -

AMP 1 MAAGGDHGSP ~ DSYRSPLASR ~ YASPEMCFVF ~ SDRYKFRTWR  QLWLWLAEAE
51 QTLGLPITDE QIQEMKSNLE NIDFKMAAEE EKRLRHDVMA  HVHTFGHCCP
101 KAAGIIHLGA TSCYVGDNTD ~ LILRNALDL LLPKLARVIS RLADFAKERA
151 SLPTLGFTHF QPAQLTTVGK ~ RCCLWIQDLC ~ MDLQONLKRVR  DDLRFRGVKG
201 TIGTQASFLQ LFEGDDHKVE ~ QLDKMVTEKA  GFKRAFIITG QTYTRKVDIE
251 VLSVLASLGA SVHKICTDIR LLANLKEMEE PFEKQQIGSS AMPYKRNPMR
301 SERCCSLARH ~ LMTLVMDPLQ ~ TASVQWFERT ~ LDDSANRRIC LAEAFLTADT
by ) 351 ILNTLQNISE GLVVYPKVIE RRIRQELPFM ATENIIMAMY KAGGSRQDCH
ADSS ASL 401 EKIRVLSQQA ASVVKQEGGD ~ NDLIERIQVD AYFSPIHSQL DHLLDPSSFT
451 GRASQQVQRF  LEEEVYPLLK PYESVMKVKA  ELCL

AMP Deaminase 3 - AMPD3 (Q01432) -

1 MPRQFPKLNI SEVDEQVRLL ~ AEKVFAKVLR EEDSKDALSL FTVPEDCPIG
51 QKEAKERELQ KELAEQKSVE ~ TAKRKKSFKM  IRSQSLSLQM PPQQDWKGPP
101 AASPAMSPTT ~ PVVTGATSLP ~ TPAPYAMPEF  QRVTISGDYC  AGITLEDYEQ
151 AAKSLAKALM  IREKYARLAY HRFPRITSQY LGHPRADTAP  PEEGLPDFHP
201 PPLPQEDPYC ~ LDDAPPNLDY  LVHMQGGILF ~ VYDNKKMLEH  QEPHSLPYPD
251 LETYTVDMSH  ILALITDGPT KTYCHRRLNF ~ LESKFSLHEM LNEMSEFKEL
301 KSNPHRDFYN  VRKVDTHIHA ~ AACMNQKHLL  RFIKHTYQTE PDRTVAEKRG
351 RKITLRQVFD GLHMDPYDLT ~ VDSLDVHAGR ~ QTFHRFDKFN ~ SKYNPVGASE
401 LRDLYLKTEN YLGGEYFARM  VKEVARELEE SKYQYSEPRL ~ SIYGRSPEEW
451 PNLAYWFIQH ~ KVYSPNMRWI  IQVPRIYDIF RSKKLLPNFG KMLENIFLPL
501 FKATINPQDH RELHLFLKYV TGFDSVDDES KHSDHMFSDK ~ SPNPDVWTSE

+ / /\- 551 QNPPYSYYLY ~ YMYANIMVLN  NLRRERGLST ~ FLFRPHCGEA GSITHLVSAF
Ca2 601 LTADNISHGL LLKKSPVLQY LYYLAQIPIA MSPLSNNSLF ~ LEYSKNPLRE

SALVAGE

DEAMINATION

AMPD3

651 FLHKGLHVSL  STODPMQFHY  TKEALMEEYA  IAAQVWKLST  GDLCEIARNS
ROS 2,3-DPG 701 VLQSGLSHQE  KQKFLGONYY  KEGPEGNDIR  KTNVAQIRMA  FRYETLCNEL
Low pH 751 SFLSDAMKSE EITALTN
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Hypoxia limits purine deamination
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Where do we go from here

Heritability of Underwater mammals Donor effect on Storability
Good vs Poor
Storage Traits

M

TWINS [00-OMICS REDS Ill Omics




3 MINUTE METHOD:

Milestones in Metabolomics:
Driving our understanding of
the metabolome

High-throughput metabolomics

In April 2017, Kirk Hansen and his team described a 3-min method that exploits recent
technical advancements in UHPLC and fast scanning high-resolution MS technologies™.
They describe this as combining the advantages of rapid flow-injection TOF-MS with the
selectivity of conventional chromatography-based metabolomics. While not applicable for
the measurement of all compounds, the robustness of this approach makes it useful for
the analysis of a wide range of biological matrices relevant to basic science and clinical
routine practice, including biofluids, cell and tissue extracts.
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RBC biology Transfusion
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Lactate dilemma: wetabolomics suggests activation of unexpected pathways in RBCs
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| actate dilemma: only AS3 additives contain citrate!
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RBC Storage: Redox signaling promotes PPP, but antioxidant defenses are overwhelmed by D21
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