
The study of terminated PEG maleimide synthesis and modification of 
hemoglobin 

Lei zhang1,a , Xiang Wang1,b*，Donglai Qi1,c 
1 Tianjin Polytechnic University, school of environmental and chemical engineering 

Tianjin, 300387, China 
a email:zl394119@163.com , b email:tupwx@163.com, cemail:ferretqi@126.com 

Keywords: PEGylation; hemoglobin (Hb); mPEG-MAL; Blood substitute; modify 

Abstract.There is a worldwide increased demand for blood transfusions. In Third World countries 
is not sufficient due to the spreading of infections, such as HIV. The current generation of so-called 
hemoglobin-based oxygen carriers (HBOCs) comprise hemoglobins from different species (human 
and bovine) that have been chemically modified to improve structural stability. However, some 
adverse effects such as hypertension, myocardial infarction and acute kidney failure have been 
found in several clinical trials. The exact factors leading to the symptoms are still uncertain, but 
high molecular weight was believed to play an important role. Therefore, Maleimide polyethylene 
glycol 5000 monomethyl ether(mPEG-MAL) as Hemoglobin(Hb) modifier can change the 
Molecular weight of Human placenta hemoglobin effectively. In addition, hemoglobin weight could 
be severely controlled by changing the amount of the sulfhydryl modifier and mPEG-MAL, so as to 
achieve the demand of the people of different molecular weight. 

Introduction 
Blood transfusion is the key life-saving treatment in many traumatic emergencies, chronic or 

acute pathologies, and during or upon surgical interventions. Over the years, several attempts have 
been made to transfuse humans with either human or animal. Results were obviously negative. 
Indeed, transfusions are exposed to a series of limitations that can lead to potential health risks.The 
research on blood substitutes has been regularly reviewed. Over the years, several attempts have 
been made to transfuse humanswith either human or animal whole blood, red cells lysate, or 
evenwine, beer and milk. Results were obviously negative. It is only in the sixties, and more 
vigorously from the eighties, that the research for hemoglobin-based oxygen carriers (HbOCs) 
began taking into account the vast knowledge that was emerging on the oxygen transport 
physiology and Hb structure and function . Several strategies aimed at the development of a Hb 
derivative that exhibits, when free in the plasma, the same oxygen affinity of Hb within the red cell, 
and does not cause the main adverse effects of cell-free Hb, vasoactivity and renal failure. The 
different approaches that make use of haemoglobin chemical modifications are reported. They are 
based on reagents, such as glutaraldehyde, that cross-link tetramers intra- or inter-molecularly, 
generating stable tetramers or polymers, or on compounds that decorate the surface of haemoglobin 
with organic molecules, such as polyethylene glycol (PEG), thus increasing protein molecular 
weight and actual size. The PEGylated bovine Hb developed by Enzon Inc. is one of the early 
PEG-Hbs and carries ten copies of PEG-5K chain per tetramer on amino groups. The decoration of 
hemoglobin with PEGylation to increase the molecular size in order to use it as blood substitute is 
our goal. 

Experimental 
Synthesis of mPEG5000-MAL. 
a)mPEG-tosylate 
mPEG5000-OH (10g,2mmol), TEA 2ml and 4-toluene sulfonyl chloride (1.9g,10mmol) were 

dissolved in acetone(30ml), and then stirred for 4h at room temperature. The reaction mixture was 
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filtered, and the filtrate was washed with saturated saline (3×50 mL). The organic layer was 
vaporated under vacuum,and recrystallization from Et2O (20 mL) gave 9.2 g of mPEG-tosylate 
(yield, 89.2%) as a white solid. 

b)mPEG-phthalimide 
mPEG-tosylate (5.2g ,1mmol)was dissolved in 20mL DMF, and then potassium phthalimide 

(0.93 g, 5 mmol) was added. The reaction mixture was stirred at 120℃ under N2 for 4h. DMF was 
removed under reduced pressure, and the resulting yellow oil was dissolved in 35mL of ethanol and 
2ml diamid hydrate. The reaction mixture was refluxed for 4h.Solvent was removed under reduced 
pressure .The solution was filtered and recrystallization from Et2O gave 5.8 g (yield, 90.3%) of 
mPEG-phthalimide as a white solid. 

c)mPEG-NH2 
mPEG-phthalimide (2.5g,1.25mmol) and hydrazine hydrate (8.1 mmol) were dissolved in 

ethanol (20 mL), and the solution was refluxed for 2 h. The reaction mixture was evaporated under 
vacuum, and the thick oil was crystallized from the mixture of Et2O and DCM to give mPEG-NH2 
(2.8 g, 56%)as a white solid. 

d)mPEG-maleic acid 
mPEG-NH2 (2.5g, 1.25 mmol) in dioxane (10 mL) was treated with maleic acid anhydride (0.49 

g, 5mmol) and DMAP (0.01 g) at 70℃ for 1 h. The reaction solution was cooled to room 
temperature and precipitated with cold ethyl ether. The solid was collected by filtration and washed 
with cold Et2O to give 2.3g of mPEG-maleic acid yield 88%. 

e)mPEG-MAL 
mPEG-maleic acid (2.3 g, 1.1 mmol) was dissolved in Ac2O (10 mL),and then sodium acetate 

(0.18 g, 2.2 mmol) was added. The reaction mixture was stirred at 80 ℃ for 1.5h and then 
evaporated under vacuum. The resulting thick oil was precipitated with cold ethyl ether and 
recrystallized twice from the mixed solvent of Et2O and DCM to give mPEG-MAL(1.25 g, 54%) as 
a white solid. 

Preparation of the PEG-Hbs. 
Human adult hemoglobin (HbA) was purified from human erythrocytes as previously described. 

Briefly, HbA at 1.0 mM (tetramer) was reacted with 10mM,15mM and 20mM 2-iminothiolane in 
PBS buffer (pH 7.4) at 4 ℃for 4 h. The resultant products are reacted with 5mM,10mM and 15mM 
mPEG-MAL in PBS buffer (pH 7.4) at 4 ℃for 12 h. Glycine and acetylcysteine (1.5mM) were 
added and the retentate was stored at -80℃. 

Result and discussion 
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Fig.1 mPEG-MAL 
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Infrared spectrum analysis of the mPEG-MAL. 
Fig.1 show the infrared spectrum of the mPEG-MAL, the peak of functional group were 

appeared at right site. This picture demonstrate that the substance that we wanted is correct.  
HPLC analysis of the PEG-Hbs. 
HPLC analysis of the PEG-Hbs is shown in Figure 2. The samples were loaded on a Vydac C4 

column (0.46 ×25 cm2). The columns were equilibrated and eluted with 1M MgCl2 at the flow rate 
of 0.5mL/min and an excitation wavelength of 280 nm. The HPLC pattern of Hb shows two peaks, 
however, the other samples show more than two peaks. These new peaks were estimated to 
correspond to the mono-, di-, and tri-PEGylated globin chains. It should be mentioned that the sum 
of peak areas in the HPLC pattern of the individual samples are taken as 100% for calculating the 
level of PEGylation in the respective PEG-Hbs. 
 

 

 

 

SDS-PAGE Analysis of the PEG-Hbs. 
Lanes 3 , the molecular weight markers; lane 2, HbA; lane 1、4、5, the PEG-Hb. Compare to HbA. 

PEGylation of HbA resulted in the appearance of four bands. It confirms that these bands 
correspond to one HbA conjugated with 1, 2, 3, and 4 PEG-5K chains. Some smaller additional 
bands are observed, possibly due to the presence of a small amount of impurity that is not 
well-separated from Hb. 

 

 

Conclusions  

PEGylation of Hb was developed to simplify the surface decoration of Hb with the PEG chains 

—— a 
—— b 
—— c 
—— d 

Fig.2 a: Hb; b: 2-IT 5M mPEG-MAL 5M; c:2-IT 5M mPEG-MAL 10M; d:2-IT 5M mPEG-MAL 15M 
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Fig.3  1:2-IT 15M mPEG-MAL 5M  2: HbA 3:Marker  3: 2-IT 15M mPEG-MAL 10M 4:2-IT 15M mPEG-MAL 15M 
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and develop a nonvasoactive Hb derivative. This new PEGylation platform is a cost-effective 
protocol as exemplified in the development of MP4 by Sangart . In this study, Hb was conjugated 
with polyethylene glycol (PEG) chains and increasing protein molecular weight and actual size 
successfully.  

Acknowledgements 
The National HighTechnology Research and Development Program("863"Program) of China 

(No.2012AA021903)； 
The National Natural Science Foundation of China (No.21202117/B020703) 

References 
[1]Chang TM. 50th anniversary of artificial cells: their role in biotechnology, nanomedicine, 
regenerative medicine, blood substitutes, bioencapsulation, cell/stem cell therapy and nanorobotics. 
Artif Cells Blood Substit Immobil Biotechnol. 2007; 35(6):545-554 
[2]Winslow RM. Cell-free oxygen carriers: scientific foundations, clinical development, and new 
directions. Biochim Biophys Acta. 2008 Oct; 1784(10):1382-6. 2008. Review. 
[3]Winslow R M. Current status of blood substitute research: towards a new paradigm. J Intern Med, 
2003, 253:508-517. 
[4]Gurney J, Philbin N, Rice J, et al. A hemoglobin-based oxygen carrier, bovine polymerized 
hemoglobin(HBOC-201) versus hetastarch (HEX) in a moderate severity hemorrhagic shock swine 
model with delayed evacuation. Resusciatation, 2005; 66(3): 367-78. 
[5]Chang TM. Blood substitutes in 2010. Artif Cells Blood Substit Immobil Biotechnol. 2010; 
38(6):295-6. 
[6]Wang X, Huang L, Wang JF, Yang CM. A novel dynamic heterogeneous phase polymerization 
reaction for poly-hemoglobin with narrow molecular weight distribution. Artif Cells Blood Substit 
Immobil Biotechnol. 2008; 36(5):439-44. 
[7]Natanson C, Kern S J, Lurie P, et al. Cell-free hemoglobin-based blood substitutes and risk of 
myocardial infarction and death: a meta-analysis. JAMA.2008; 299: 2304-2312. 
[8] Toby A S, Richard B W. Hemoglobin- based oxygen carriers: Current status and future 
directions. Anesthesiology 2009; 111:946-63. 
[9]Manjula BN, Tsai A, Upadhya R, et al. Site-specific PEGylation of hemoglobin at Cys-93(beta): 
correlation between the colligative properties of the PEGylated protein and the length of the 
conjugated PEG chain. Bioconjug Chem. 2003; 14(2):464-72. 
[10]Iafelice R, Cristoni S, Caccia D, Russo R, Rossi-Bernardi L, Lowe KC, Perrella M. 
Identification of the sites of deoxyhaemoglobin PEGylation. Biochem J. 2007; 403(1): 189-96. 
[11]Vandegriff KD, Malavalli A, Mkrtchyan GM, Spann SN, Baker DA, Winslow RM. Sites of 
modification of hemospan, a poly(ethylene glycol)-modified human hemoglobin for use as an 
oxygen therapeutic. Bioconjug Chem. 2008; 19(11):2163-70. 
[12]Yushi Chi, Huibin Zhang*, Wenlong Huang, Jinpei Zhou, Yinghong Zhou, Hai Qian, Shuaijian 
Ni. Microwave-assisted solid phase synthesis, PEGylation, and biological activity studies of 
glucagon-like peptide-1(7–36) amide ， Bioorganic & Medicinal Chemistry, 2008, 16 
(16),7607-76145. 
  

 
 

1025

2nd International Conference on Electronic & Mechanical Engineering and Information Technology (EMEIT-2012)

Published by Atlantis Press, Paris, France. 
© the authors



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [1275.591 878.740]
>> setpagedevice




