
Author’s Accepted Manuscript

The high affinity of small-molecule antioxidants for
hemoglobin

Cristina Puscas, Luana Radu, Francisco
Carrascoza, Augustin C. Mot, Diana Amariei,
Oana Lungu, Florina Scurtu, Paula Podea, Raluca
Septelean, Alina Matei, Mihaela Mic, Amr.A.
Attia, Radu Silaghi-Dumitrescu

PII: S0891-5849(18)31080-3
DOI: https://doi.org/10.1016/j.freeradbiomed.2018.06.019
Reference: FRB13815

To appear in: Free Radical Biology and Medicine

Received date: 10 January 2018
Revised date: 24 May 2018
Accepted date: 17 June 2018

Cite this article as: Cristina Puscas, Luana Radu, Francisco Carrascoza, Augustin
C. Mot, Diana Amariei, Oana Lungu, Florina Scurtu, Paula Podea, Raluca
Septelean, Alina Matei, Mihaela Mic, Amr.A. Attia and Radu Silaghi-
Dumitrescu, The high affinity of small-molecule antioxidants for hemoglobin,
Free Radical Biology and Medicine,
https://doi.org/10.1016/j.freeradbiomed.2018.06.019

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com

http://www.elsevier.com
https://doi.org/10.1016/j.freeradbiomed.2018.06.019
https://doi.org/10.1016/j.freeradbiomed.2018.06.019


The high affinity of small-molecule antioxidants for hemoglobin 

Cristina Puscas
1
, Luana Radu

1
, Francisco Carrascoza

1
, Augustin C. Mot

1
, Diana Amariei

1
, Oana 

Lungu
1
, Florina Scurtu

1
, Paula Podea

1
, Raluca Septelean

1
, Alina Matei

1
, Mihaela Mic

2
, Amr. A. 

Attia
1
, Radu Silaghi-Dumitrescu

1
* 

1
Department of Chemistry, Babes-Bolyai University, 1 Mihail Kogalniceanu street, Cluj-

Napoca 400084, Romania 

2
Department of Molecular and Biomolecular Physics, National Institute of Isotopic and 

Molecular Technologies, 400293 Cluj-Napoca, Romania 

*corresponding author: rsilaghi@chem.ubbcluj.ro 

Abstract 

Hemoglobin has previously been shown to display ascorbate peroxidase and urate peroxidase 

activity, with measurable Michaelis-Menten parameters that reveal a particularly low Km for 

ascorbate as well as for urate – lower than the respective in vivo concentrations of these 

antioxidants in blood. Also, direct detection of a hemoglobin-ascorbate interaction was possible 

by monitoring the 1H-NMR spectrum of ascorbate in the presence of hemoglobin. The relative 

difference in structures between ascorbate and urate may raise the question as to exactly what the 

defining structural features would be, for a substrate that binds to hemoglobin with high affinity. 

Reported here are Michaelis-Menten parameters for hemoglobin acting as peroxidase against a 

number of other substrates of varying structures – gallate, caffeate, rutin, 3-hydroxyflavone, 3,6-

dihydroxyflavone, quercetin, epicatechin, luteolin – all with high affinities (some higher than 

those of physiologically-relevant redox partners of Hb – ascorbate and urate). Moreover, this 

high affinity appears general to animal hemoglobins. 
1
H-NMR and 

13
C-NMR spectra reveal a 

general pattern wherein small hydrophilic antioxidants appear to all have their signals affected, 

presumably due to binding to hemoglobin. Fluorescence and calorimetry measurements confirm 

these conclusions. Docking calculations confirm the existence of binding sites on hemoglobin 

and on myoglobin for ascorbate as well as for other antioxidants. Support is found for 

involvement of Tyr42 in binding of three out of the four substrates investigated in the case of 

hemoglobin (including ascorbate and urate, as blood-contained relevant substrates), but also for 

Tyr145 (with urate and caffeate) and Tyr35 (with gallate). 
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