	Metabolite/process
	Concentration
	Notes
	Reference

	Phospholipid
	69194 nmol/mg ghost protein
	
	(Owen, Bruckdorfer et al. 1982)

	
	700 g/mg ghost protein
	
	

	Cholesterol
	58782 nmol/mg ghost protein
	
	(Owen, Bruckdorfer et al. 1982)

	
	0.54 mol Cholesterol / mol phospholipid
	
	

	Glucose
	5 mmol/(l cell water)
	
	

	Fructose
	45.9 nmol/g Hb

22(10-6 mol/(l cell water)
	
	


(Hamada, Nishimura et al. 1998) ADDIN EN.CITE 

	Sorbitol
	20.4 nmol/g Hb
	
	


(Hamada, Nishimura et al. 1998) ADDIN EN.CITE 

	
	11.2 nmol/g Hb 

5.5 (10-6 mol/(l cell water)
	
	


(Ciuchi, Odetti et al. 1996) ADDIN EN.CITE 

	GL6P
	
	
	

	GO6P
	4.9(10-6 mol/(l cell water)
	
	(Kirkman and Gaetani 1986)

	G1,6DP
	0.104 mmol/(l cell water)
	
	(Thorburn and Kuchel 1987)

	NADP+
	1.4(10-6 mol/(l cell water)
	
	(Omachi, Scott et al. 1969)

	NADPH
	27.94.9 nmol/l packed RBC

[4.4(10-5 mol/(l cell water)]]
	
	

	
	6.58(10-5 M
	
	Cf. cit. Ni thesis

	
	6.43(10-5 mol/(l cell water)
	
	(Omachi, Scott et al. 1969)

	NADPH:NADP+
	>40:1
	
	


(Rose 1961; Omachi, Scott et al. 1969; Galiano, Mareni et al. 1978) ADDIN EN.CITE 

	NADPt
	19.62.9 nmol/l RBC

[2.8(10-5 mol/(l cell water)]
	NADP not tightly bound to proteins
	


(Wagner and Scott 1994) ADDIN EN.CITE 

	NAD
	(5.71)(10-5 M
	
	

	NAD+
	(4.0-9.0)(10-5 mol/(l cell water)
	
	(Jacobasch, Minakami et al. 1974)

	NADH
	
	
	

	Riboflavin
	Traces
	
	


(Hustad, McKinley et al. 2002) ADDIN EN.CITE 

	FMN
	44 nmol/L
	
	


(Hustad, McKinley et al. 2002) ADDIN EN.CITE 

	FAD
	469 nmol/L
	
	


(Hustad, McKinley et al. 2002) ADDIN EN.CITE 

	GSSG
	6.0(10-5 mol/(l cell water)
	
	


(Beutler 1975; Gracy and Tilley 1975) ADDIN EN.CITE 

	
	(12.34.5)×10-9 mol/g Hb

6.0(10-6 mol/(l cell water)
(3.61.4) ×10-9 mol/ml erythrocytes

5.1(10-6 mol/(l cell water)
	
	


(Srivastava and Beutler 1968) ADDIN EN.CITE 


	
	2-5 mol/l
	This is for whole blood. Careful study.
	


(Rossi, Squitti et al. 2002) ADDIN EN.CITE 

	GSH
	(3.21.5)(10-3 mol/(l cell water)
	
	(Beutler 1975)

	
	(3.20.5)(10-3 mol/(l cell water)
	DTNB 
	(Thorburn and Kuchel 1985)

	H2O2
	2(10-10 M
	estimated
	


(Giulivi, Hochstein et al. 1994) ADDIN EN.CITE 

	RU5P
	
	
	

	R5P
	
	
	

	X5P
	
	
	

	S7P
	
	
	

	S1,7DP
	2.7(10-8 mol/g Hb

(13 M)
	TCA extracts, high-voltage paper electrophoresis
	(Vanderheiden 1965)

	O1,8DP
	1.0(10-8 mol/g Hb

(4.9 M)
	TCA extracts, high-voltage paper electrophoresis
	(Vanderheiden 1965)

	E4P
	5.0(10-6 M
	Rabbit erythrocytes
	(Magnani, Stocchi et al. 1984)

	G6P
	3.9(10-5 mol/(l cell water)
	
	(Beutler 1984)

	
	4.0(10-5 mol/(l cell water)
	
	(Yoshikawa and Minakami 1968; Beutler 1975)

	
	(1.50.3)(10-5 mol/(l cells)
	
	(Thorburn and Kuchel 1987)

	
	4.29 (10-5 mol/(l cell water)
	
	(Magnani, Stocchi et al. 1984)


	F6P
	(1.60.3)(10-5 M
	
	

	
	1.30(10-5 mol/(l cell water)
	
	(Beutler 1984)

	F3P
	15 M (normal)

45-200 M (in essential fructosuria patients)
	
	(Petersen, Steinmann et al. 1992)

	FDP
	(7.64)(10-6 M
	
	

	
	2.70(10-6 mol/(l cell water)
	
	(Beutler 1984)

	DHAP
	(1.48)(10-5 M
	
	

	
	1.70(10-5 mol/(l cell water)
	
	(Jacobasch, Minakami et al. 1974)

	GA3P
	(6.71)(10-6 M
	
	

	
	5.7(10-6 mol/(l cell water)
	
	(Jacobasch, Minakami et al. 1974)

	1,3DPG
	4(10-7 M
	
	

	Total 1,3DPG
	7.00(10-7 mol/(l cell water)
	
	(Momsen and Vestergaard-Bogind 1978)

	3PG
	4.5(10-5 M
	
	

	
	6.9(10-5 mol/(l cell water)
	
	(Jacobasch, Minakami et al. 1974)

	2PG
	(1.40.5)(10-5 M
	
	

	
	1.0(10-5 mol/(l cell water)
	
	(Jacobasch, Minakami et al. 1974)

	PEP
	(1.70.2)(10-5 mol/(l cell water)
	
	(Beutler 1984)

	PYR
	(7.75)(10-5 M
	
	

	
	8.5(10-5 mol/(l cell water)
	
	(Jacobasch, Minakami et al. 1974)

	LAC
	(1.10.5)(10-3 M
	
	

	
	1.40(10-3 mol/(l cell water)
	
	(Jacobasch, Minakami et al. 1974)

	2,3DPG
	(4.50.5)(10-3 M
	
	

	
	(6.00.9)(10-3 mol/(l cell water)§
	
	(Beutler 1975)

	
	4.32±0.19 mol/(l cells) 
	31P NMR
	(Sarpel, Barr et al. 1982)

	Mg.2,3DPG
	1.2 mmol/(l cell water)
	
	(Gerber, Berger et al. 1975)

	Free 2,3DPG
	3.19 mmol/(l cell water)
	Check if it is really free
	(Gerber, Berger et al. 1975)

	Total 2,3DPG
	6.7 mmol/(l cell water)
	
	


(Mulquiney and Kuchel 1999) ADDIN EN.CITE 

	Total flavin
	1 M
	
	(Harris, Kellermyer et al. 1972)

	Uric acid
	1.3(10
	
	(Pennel, Bishop et al. 1964)

	Ascorbic acid
	3.5(10-5 M
	
	(Pennel, Bishop et al. 1964)

	K+
	(1.350.1)(10-1 M
	
	

	Na+
	(1.06)(10-2 M
	
	

	ADO
	(1.20.3)(10-6 M
	
	

	AMP
	(80.9)(10-5 M
	
	

	
	(7-40)(10-5 M
	direct measurements in whole cells
	


(Van den Berghe, Bronfman et al. 1977) ADDIN EN.CITE 

	
	(1-9) (10-4 M 
	estimate through creatinine kinase and adenylate kinase equilibria
	


(Bunger and Soboll 1986) ADDIN EN.CITE 

	
	3.0(10-5 mol/(l cell water)
	
	(Beutler 1984)

	ADP
	(2.71.2)(10-4 M
	
	

	
	0.31 mmol/L cell water
	
	(Beutler 1975)

	Total ADP
	0.31 mmol/L cell water
	
	(Beutler 1984)

	ATP
	(1.540.25)(10-3 M
	
	

	
	2.050.14 mmol/(l cell water) §
	
	(Beutler 1975)

	
	1.61±0.07 mol/(ml erythrocyte)
	31P NMR
	(Sarpel, Barr et al. 1982)

	Total ATP
	2.10 mmol/l cell water
	
	(Beutler 1984)

	Free ATP
	0.2 mmol/(l cell water)
	
	(Gerber, Berger et al. 1975)

	MgATP
	1.44 mmol/(l cell water)
	
	(Gerber, Berger et al. 1975)

	Total adenosine nucleotides
	2.44(10-3 mol/(l cell water)
	
	(Beutler 1984)

	
	
	
	

	UDP
	2.9(10-8 mol/g Hb

(14 M)
	TCA extracts, high-voltage paper electrophoresis
	(Vanderheiden 1965)

	UDPGlc
	Adults:

(7.80.8)(10-8 mol/g Hb

Children:

(10.21.7)(10-8 mol/g Hb
	HPLC
	


(Palmieri, Berry et al. 1991) ADDIN EN.CITE 

	
	(6.61.4)(10-8 mol/g Hb
	31P NMR of TCA extracts
	


(Wehrli, Palmieri et al. 1992) ADDIN EN.CITE 

	UDPGal
	Adults:

(2.90.4)(10-8 mol/g Hb

Children:

(4.51.2)(10-8 mol/g Hb
	HPLC
	


(Palmieri, Berry et al. 1991) ADDIN EN.CITE 

	
	(2.10.6)(10-8 mol/g Hb
	31P NMR of TCA extracts
	


(Wehrli, Palmieri et al. 1992) ADDIN EN.CITE 

	UDPGlc+UDPGal
	(8.081.36)(10-8 mol/g Hb
	31P NMR of intact fully oxygenated eryhrocytes
	


(Wehrli, Palmieri et al. 1993) ADDIN EN.CITE 

	GTP
	50 M
	
	(Scholar, Brown et al. 1973)

	PRPP
	(51)(10-6 M
	
	

	IMP
	1(10-5 M
	
	

	
	<0.10 mM to 0.22 mM 
	
	


(Geisbuhler, Altschuld et al. 1984) ADDIN EN.CITE 

	
	30 mol/(l cells)
	HPLC
	(Tomoda, Yagawa et al. 1987)

	ITP
	1.9(10-8 mol/g Hb

(9.2 M)
	TCA extracts, high-voltage paper electrophoresis
	(Vanderheiden 1965)

	INO
	1.32(10-6 M
	
	

	HX
	2(10-6 M
	
	

	R1P
	6(10-5 M
	
	

	G-1,6-DP 
	2.1(10-4 M
	
	(Bartlett 1968) 

	
	(8.60.4)(10-5 mol/l cells
	
	(Thorburn and Kuchel 1987)

	
	1.22(10-4 mol/(l cell water)
	
	(Magnani, Dach… et al. 1980)

	ADE
	(1.30.7)(10-5 M
	
	

	Free Tyrosine
	6.4(10-5 mol/(l cell water) in adults
	
	(Soupart and Holden 1962)

	Tyr
	8.9(10-5 mol/(l cell water)
	Single-cell capillary electrophoresis
	


(Dong, Wang et al. 2002) ADDIN EN.CITE 

	Arg
	1.27(10-4 mol/(l cell water)
	Single-cell capillary electrophoresis
	


(Dong, Wang et al. 2002) ADDIN EN.CITE 

	
	5.1(10-5 mol/(l cell water)
	Gas chromatography
	(Leighton, Rosenblatt et al. 1979)

	Val
	9.7(10-5 mol/(l cell water)
	Single-cell capillary electrophoresis
	


(Dong, Wang et al. 2002) ADDIN EN.CITE 

	
	2.9(10-4 mol/(l cell water)
	Gas chromatography
	(Leighton, Rosenblatt et al. 1979)

	Ser
	2.9(10-4 mol/(l cell water)
	Single-cell capillary electrophoresis
	


(Dong, Wang et al. 2002) ADDIN EN.CITE 

	
	2.2(10-4 mol/(l cell water)
	Gas chromatography
	(Leighton, Rosenblatt et al. 1979)

	Ala
	3.9(10-4 mol/(l cell water)
	Single-cell capillary electrophoresis
	


(Dong, Wang et al. 2002) ADDIN EN.CITE 

	
	4.9(10-4 mol/(l cell water)
	Gas chromatography
	(Leighton, Rosenblatt et al. 1979)

	Gly
	3.7(10-4 mol/(l cell water)
	Single-cell capillary electrophoresis
	


(Dong, Wang et al. 2002) ADDIN EN.CITE 

	
	5.0(10-4 mol/(l cell water)
	
	(Leighton, Rosenblatt et al. 1979)

	Asp
	5.3(10-4 mol/(l cell water)
	Single-cell capillary electrophoresis
	


(Dong, Wang et al. 2002) ADDIN EN.CITE 

	Glu
	2.8(10-4 mol/(l cell water)
	Single-cell capillary electrophoresis
	


(Dong, Wang et al. 2002) ADDIN EN.CITE 

	CO2 (dissolved)
	1.2(10-3 mol/(l cell water)
	
	(McGilvery 1979)

	H+
	6.3(10-8 M
	
	Many authors (see XbelowX)

	Ca2+
	624 nM (young cells)

22125 nM (old cells)
	19F-NMR with 5,5'-difluoroBAPTA as indicator
	(Aiken, Satterlee et al. 1992)

	Mg2+
	
	
	

	
	7(10-4 mol/(l cell water)
	
	(Gerber, Berger et al. 1975)

	
	4.0(10-4 mol/(l cell water)
	
	


(Flatman 1980) ADDIN EN.CITE 

	Total Mg2+
	3.4(10-3 mol/(l cell water)
	
	


(Millart, Durlach et al. 1995) ADDIN EN.CITE 

	
	2.5(10-3 M
	
	

	SO42-
	2.00(10-3 M
	
	

	Bicarbonate
	1.6(10-2 M
	
	

	Cl-
	7.8(10-2 M
	
	

	Pi
	2.10(10-4 M
	
	(Leloir and Cardini 1957)

	
	7(10-4 M
	*
	 


(Hladky, Rink et al. 1977; Kemp, Bevington et al. 1988) ADDIN EN.CITE 

	
	(1.70.3)(10-3 M
	31P NMR
	(Sarpel, Barr et al. 1982)

	
	1.00(10-3 mol/(l cell water)
	
	(Jacobasch, Minakami et al. 1974)

	Total phosphorous
	18.4±0.4 mol/(ml erythrocyte) 
	wet ash perchloric acid extracts
	(Sarpel, Barr et al. 1982)

	Sugar-P 
	0.58±0.14 mol/(ml erythrocyte)
	31P NMR
	(Sarpel, Barr et al. 1982)

	Total phosphate(?)
	15.70±0.44 mol/(ml erythrocyte)
	31P NMR
	(Sarpel, Barr et al. 1982)

	Hb
	340g Hb/l cell water
	
	(Beutler 1975)

	
	32915 g/(l cell)

[470g/(l cell water)*]
	Cyanmethaemoglobin  method
	(Thorburn and Kuchel 1985)

	
	7.0(10-3 mol/(l cell water)
	
	(Gerber, Berger et al. 1973)


	HbSSG
	9.93.0 nmol/g Hb

4.8 mol/(l cell water)
	
	(Giustarini, Dalle-Donne et al. 2003)

	Free cholesterol
	3.0(10-16 mol/cell
	
	

	Phospholipid
	4.0(10-16 mol/cell
	
	

	Glycolipid
	0.5(10-16 mol/cell
	
	

	Water
	722. g/l cells
	
	(Hald, Tulin et al. 1947)

	
	0.7 l/(l packed cells)
	
	(Beutler 1975)

	
	0.7170.005 l/(l cells)

Solvent water: 0.5720.009 l/(l cells)
	gravimetry
	(Savitz, Sidel et al. 1964)

	Cytochrome b5
	0.2-0.6 M
	
	(Mentioned in Jaffé, Hultquist et al. 2001)


*Our estimate based on the value for cell water in the table.

Note:

To convert concentrations referred to Hb weight to concentrations referred to erythrocyte solvent volume, assuming 340 g Hb/(l cell) 


(Beutler 1975; Thorburn and Kuchel 1985) ADDIN EN.CITE , one finds 340/0.572= 594 g Hb/(l solvent water), corresponding to 1.68(10-3 l solvent water/g Hb. Note also that the hematocrit of packed cells is approximately 90% (Beutler 1971).
For more information on this, go to the last page after the references.
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How should one appropriately account for dilution in hemolysates if the final hematocrit-equivalent is known? We assume that the volume that is not occupied by solvent water (Vn) remains the same after the cells are lysed and diluted. [Actually, in the more diluted, less space-restricted conditions prevailing in the hemolysate, macromolecular oligomers will tend to dissociate, binding additional water (i. e. increasing Vn). This will have to be checked for Hb, but this change should be small compared to Vn.] Therefore, after a dilution to a final hematocrit-equivalent of h=Vc/Vt, the volume of solvent water changes from Vs=Vc–Vn to V’s=Vt–Vn, where Vc and Vt are the volume of cells and the final total volume. After normalization of all volumes by Vc and rearrangement, one can write the dilution factor d=Vs/V’s as:
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where s is the fraction of intact-erythrocyte volume that is occupied by solvent water. Using (Savitz, Sidel et al. 1964) data, this yields
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which is plotted below.
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We plot below the relative error of considering h instead of d as the dilution factor. Note that at low hematocrit-equivalentsthe failure to appropriately account for non-solvent volume leads to important errors in the estimation of intracellular concentrations.
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d as given by (0.2) GOTOBUTTON ZEqnNum719611  \* MERGEFORMAT XX
 is the dilution factor one should use to convert from data where the hemolysate concentrations refer to solvent volume. This is the case, for instance, of concentrations estimated from kinetic data. In other cases, the hemolysate concentrations may refer to total hemolysate volumes. Then d’=Vs/Vt=sh. 

To convert concentrations referred to Hb weight to concentrations referred to erythrocyte solvent volume, assuming 340 g Hb/(l cell) 


(Beutler 1975; Thorburn and Kuchel 1985) ADDIN EN.CITE , one finds 340/0.572= 594 g Hb/(l solvent water), corresponding to 1.68(10-3 l solvent water/g Hb. Note also that the hematocrit of packed cells is approximately 90% (Beutler 1971).
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