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Conjugate of Bovine Hemoglobin and Human
Serum Albumin as a Candidate for Blood Substitute

Xiuling Lu, Guanghui Ma and Zhiguo Su”

National Key Laboratory of Biochemical Engineering,
Institute of Process Engineering,

Chinese Academy of Sciences, P.O.Box 353, Beijing
100080,China

“Correspondence: zgsu@home.ipe.ac.cn

Conjugate of bovine hemoglobin (bHb) and human serum
albumin (HSA) was prepared. The reaction condition was optimised
to give a product that was a mixture composed of 89.7% one-to-one
Hb-HSA conjugate, 6.0% oligomer of Hb and HSA, 3.5% unconjugat-
ed HSA and 0.8% unconjugated Hb, with an average molecular
weight of 157kD. The physicochemical characteristics determined
were similar to that of blood. Effects of single replacement on blood
pressure and long term survival of rats with 30% and 60% acute blood
loss were studied, using Ringer-lactate solution, stroma-free hemoglo-
bin (SFHb), 5% HSA in Ringer-lactate, whole blood and no resuscita-
tion fluid as controls. Results showed that Hb-HSA conjugate main-
tained the mean arterial pressure of rats to initial level with no pressor
effect. Effects of the replacement fluids on 30% bleeding rats showed
that, for the group infused with Hb-HSA conjugate, histology of five
major organs, heart, renal, liver, spleen and lung, were essentially
normal, similar to that of whole blood, while obviously renal side-
effects appeared in other groups. The efficacy of the conjugate was
further demonstrated by the resuscitation of lethal hemorrhagic shock
rats (60% acute blood loss) with 100% survival rate (followed for 14
days), the same result as whole blood. The Hb-HSA conjugate has
been proved to be safe and effective by in vitro and in vivo experi-
ments. The product has a potential to become a candidate of blood
substitute.
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Preparation of uniform sized microcapsules contain-
ing protein or peptide drug for controlled release

Guanghui Ma et al.

National Key Laboratory of Bio-chemical Engineering,
Institute of Process Engineering, Chinese Academy of

Sciences

Micro-encapsulation and controlled release of protein drug is
an important research field because the half-life time of protein drug is
relatively short. The control of size and size distribution of microcap-
sule is necessary because they determine the bio-distribution and bio-
availability of drug in the human body. It is difficult to obtain uniform
sized microcapsules with good reproducibility by conventional prepar-
ative method. We developed a special membrane emulsification tech-
nique (MET) to prepare uniform sized polylactide (PLA) microcap-
sules, and chitosan microspheres containing protein or peptide drug.

A hydrophilic porous glass membrane with uniform pores was
used. In the case of preparation of PLA microcapsule, water containing
biomedicine was used as an internal water phase (W1), PLA dissolved
in solvent was used as an oil phase (O). After W1/O primary emulsion
was obtained by homogenizer, W1/O/W2 double emulsion was pre-
pared by pressing the W1/O primary emulsion through the pores of the
membrane into the external aqueous phase (W2) containing poly(vinyl
alcohol) (PVA) stabilizer etc. Finally, the solvent was evaporated to
obtain uniform microcapsule.

SEM photographs of PLA microcapsules prepared this new
technique and conventional mechanical stirring method is compared in
Fig.1. Apparently, the microcapsule prepared by the MET was very
uniform and showed good dispersity. Further more, the encapsulation
efficiency of drug was much higher in the former case, attained to
92%, while it is only around 50% in the latter case.

Fig.1 SEM photographs of PLA microcapsules prepared by membrane
emulsification technique (left) and mechanical stirring method (right).

62

In the case of preparation of chitosan microsphere, the mem-
brane was modified to hydrophobic at the first. Then, the chitosan
aqueous phase containing drug was pressed through the pores of the
membrane into the oil phase containing emulsifier to form uniform
W/O emulsion. Finally, the chitosan aqueous droplet was solidified to
form microsphere by a special method. By this technique, the diameter
of chitosan microsphere can be controlled easily by changing the pores
of the membrane, the microspheres with the size from 400 nm to
18mm can be obtained.

SEM photographs of chitosan microspheres prepared this new
technique and conventional mechanical stirring method is compared in
Fig.2. Apparently, the microspheres prepared by the MET was very
uniform.

(a) Membrane emulsification tech- (b) Mechanical stirring method
nique

Fig.2 Chitosan microspheres prepared by membrane emulsification
and mechanical stirring methods

The effect of preparative condition on the bio-activity and
release behavior of bio-medicine was also studied.

For the preparation and applications of microspheres and
microcapsules by the membrane emulsification technique, we have
published more than 40 papers in international journals.

0000 Vol 13, No.2, 2005
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Oxygen transport and release by blood substitutes:
Effect of oxygen affinity

Amy G. Tsai**”, Pedro Cabrales*” and Marcos Intaglietta"*"
10 Department of Bioengineering, University of California,
San Diego, La Jolla, California 92093

20 La Jolla Bioengineering Institute, La Jolla, California
92037

Hemoglobin based oxygen carrying blood substitutes deliv-
er oxygen to the tissue in proportion to their concentration in blood.
The release of their oxygen to the tissue, however, is determined by
their affinity for oxygen. The microcirculation, the site where oxygen
is delivered presents a longitudinal oxygen gradient such that blood
pO, has near arterial values in the largest arterioles, and this falls to

the tissue level in the capillaries. This gradient reverses in the venular
circulation due to diffusional and convective shunts. Ease of oxygen
release or low affinity of hemoglobin for oxygen causes oxygen to be
delivered to the arterioles, thus oxygenating tissue regions with high
oxygen content, to the detriment of regions with low pO,. High affini-

ty hemoglobin has the opposite effect, discharging oxygen only in
regions with low oxygen. Therefore high affinity hemoglobin self
regulates the release of oxygen and leads to a uniform tissue oxygen
distribution. Extreme hemodilution experiments with hemoglobin
vesicles of low and high affinity show that the latter yields significant-
ly higher tissue pO,. The tissue appears to locally consume oxygen in

proportion to oxygen availability, thus over oxygenating the arterioles
is counterproductive in terms of supplying oxygen to the tissue, and
may elicit autoregulatory vasoconstriction. Vasoconstriction increas-
es oxygen consumption by the microcirculation, lowers functional
capillary density, and requires a greater concentration of oxygen carri-
er to attain adequate levels of tissue pO,. These considerations shows

that high oxygen affinity is advantageous for the formulation of
hemoglobin based blood substitutes, since it leads to more uniform
oxygen distribution, targeting anoxic regions, lowering vasoactivity,
and reducing the amount oxygen carrier required.

This work was supported by USPHS-HLBI grants R0O1-
HL76182 to AGT and R24-HL64395 and R01-HL62354 R0O1-
HL62318 to MI.
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Blood Flow Regulatory Mechanisms in the
Microcirculation and Blood Substitutes.

P.C. Johnson, A.G. Tsai and M. Intaglietta.
Dept of Bioengineering, Univ.of California, San Diego, La
Jolla, CA 92093-0412

Blood flow regulation is the result of a complex interaction of
a number of control mechanisms in the microcirculation that subserve
different needs of the organism. Most obvious is the need for oxygen
to satisfy the metabolic requirements of the tissue. Certain mecha-
nisms are linked to the products of oxidative and anaerobic metabo-
lism from the parenchymal cells. However the contribution of these
mechanisms under resting conditions is not clear since oxygen deliv-
ery to most organs is well in excess of metabolic requirements and tis-
sue PO, is 20-30 Torr. Other mechanisms such as NO, prostaglandins,

adenosine and cytochrome P450 are linked to the PO, of the arteriolar

wall and endothelium. Normal flow regulation also includes
mechano-sensitive mechanisms such as the myogenic response to
intra-arteriolar pressure and the endothelium response to wall shear
stress. The myogenic response is one of the principal mechanisms of
blood flow regulation. Wall shear stress provides a significant stimu-
lus for both NO and prostaglandin synthesis in organs under resting
conditions and exercise. Introduction of a circulating fluid with chem-
ical and rheological properties different from whole blood may alter
blood flow and oxygen delivery by changing the normal stimuli to one
or more of the many individual mechanisms that regulate blood flow.
The NO scavenging properties of hemoglobin, for example, limit its
use in free solution. Changes in viscosity will introduce variable
effects on wall shear stress and intravascular pressure in different
regions of the vascular network. The ideal blood substitute would pro-
vide the same chemical environment in the lumen and physical stimuli
to the vascular wall as provided by blood, considering the many con-
trol mechanisms based on these properties.
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Backgrounds. Safety evaluation in animals sometimes over-
looks untoward effects in humans. Liposome- encapsulated hemoglo-
bin (TRM645) is tested in mice reconstituted with human immune
system as a preclinical safety evaluation.

Methods. Newly established immunodeficient mice (NOG)
were transfused with 2x10° hematopoietic stem cells isolated from
human cord blood. In those mice reconstituted with human immune
system, changes in immunocompetent cells in peripheral blood,
spleen and bone marrow were examined 2 days and 7 days after 1%
body weight intravenous (iv) administration of TRM645 (n=8), empty
liposome (n=8), and phosphate buffered saline (n=8) using immuno-
histochemical and flow-cytometrical techniques.

Results. While numbers of human CD4+ (helper T) cells,
CD8+ (suppressor T) cells and CD19+ (B) cells in the spleen of mice
receiving liposome (TRM645 or empty liposome) increased as com-
pared to mice receiving saline 2 days after iv administration, the
increase disappeared when studied 7 days after iv administration. All
of these lymphocytes were in resting state so far as the expression of
CD25 was examined (CD25(-)). Cellularity, distribution and matura-
tion of these human cells in bone marrow or peripheral blood were
comparable among the groups throughout the observation.

Conclusion. The increase of resting human lymphocytes in
mouse spleen receiving liposome may suggest a non-specific response
of natural metabolic pathway where liposome is captured and human
(=homologous) hemoglobin degraded by the reticuloendothelial sys-
tem. There was no apparent untoward effect of TRM645 per se in a
short-term as these mice are all active and healthy before sacrifice.
Studies on effects of repeated administration of TRM645 on long-
term, and on active immunization in the “ humane mice” are under-
way.
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Background.
Treatment of cerebral infarction (CI) has been limited to indi-
rect therapies aiming at reduction of edema or oxygen (O,) demand.

We tested a hypothesis that liposome encapsulated hemoglobin (LEH)
with a high (hLEH, P_=10mmHg) or low (ILEH, P_=45mmHg) O,

affinity may improve microcirculation, ameliorate tissue hypoxia and
limit ischemic damages using positron emission tomography (PET) in
the monkey undergoing middle cerebral artery (MCA) 3-hour occlu-
sion followed by 3-hour reperfusion.
Methods.

Cerebral blood flow (CBF), O, extract fraction (OEF) and

metabolic rate of O, (CMR) were studied by PET before ischemia ,

2-hour later, immediately after reperfusion, and 3-hour after reperfu-
sion. Immediately after MCA occlusion, hLEH (n=4), ILEH (n=4) and
empty liposome (EL, n=4) 1% of body weight were intravenously
infused. After PET study, integrated area of Cl was determined in 6
frontal slices of the brain using TTC staining.
Results.

Despite infusion of LEHs immediately after MCA occlusion,
there was no significant difference in O, metabolism up to 2 hour of

ischemia. Immediately after reperfusion, CBF relatively decreased
and OEF relatively increased in monkeys receiving LEH. 3-hour after
reperfusion, area of mild to moderateCMR reduction (down to -30%)
decreased (EL=64%, ILEH=46%, LEH=48%, p<.05) and area of mild
to moderate CMR increase (up to 30%) increased in LEH-treated
monkeys (EL=25%, ILEH=36%, hLEH=35%, p<.05) while
there was no difference in area of severe reduction (<-30%) or severe
increase (+30%<) in CMR. TTC staining showed that LEH reduced
area of Cl mainly in the cerebral cortex (EL=27%, ILEH =13%,
hLEH=12%) than in basal ganglia (EL=40%, ILEH=32%,
hLEH=33%). There was no significant difference in improvements
between ILEH and hLEH.
Conclusion.

LEH with a high- or low- O, affinity were effective in preserv-

ing CMR O, and in reducing area of infarction mainly in the cerebral

cortex after occlusion/reperfusion of MCA in the monkey.
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FREEZE-DRIED PLATELET DERIVATIVES
FOR HEMOSTATIC AND GROWTH FACTOR
APPLICATION

Alan S. Rudolph PhD MBA, David Ho PhD , Keith
Moskowitz PhD, Ruth Sum and Cindy Orser PhD.
Adlyfe Inc. 9430 Key West Ave. Rockville, MD 20850

Platelets provide critical functions in the cessation of bleeding
and in the initiation of key events in cellular and tissue repair and
regeneration. We have developed novel methods to introduce stabi-
lizing sugars into platelets that enable the freeze-dried stabilization
and recovery of key platelet functions. Endocytotic loading of
platelets with small molecular weight disaccharides such as trehalose
can be achieved in an efficient process amenable to scale up and high
throughput manufacturing. Standard freeze-drying protocols result in
a dry powder that can be easily reconstituted for intravenous adminis-
tration, or incorporated into bandages or dressings for application as a
hemostatic or wound healing dressing. We have measured critical
functions of the reconstituted materials which correlate to the clinical
indication of choice. Measures of adhesion, activation, and aggrega-
tion of the platelet derived dry powder reveal similar functions as nor-
mal platelets. These include agonist response to thrombin and risto-
cetin, retention of cell surface markers (Gplb and Gpllibllla), and
ability to adhere to collagen and fibrinogen. The platelet derivative
materials are procoagulant and significantly reduce whole blood clot-
ting times in vitro. We have also measured the growth factor content
of the reconstituted platelet materials in cell based bioassays and are
able to recover functional growth factors for application in wound
healing and tissue regeneration. We have evaluated these materials in
pre-clinical efficacy models in small animals. Application of our
reconstituted platelet derivative materials in bleeding models shows
substantial hemostatic activity and recovery of blood pressure in a rat
aortic punch model compared to other hemostatic materials such as
chitosan or inorganic zeolite. We have also demonstrated the topical
administration of freeze-dried platelet powders in hard to heal inci-
sional wounds in a diabetic mouse model which demonstrate
increased granulation and closure of the wound compared to controls.
We are currently evaluating manufacturing methods for clinical devel-
opment and regulatory approval of freeze-dried platelet derivative
products.
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MalPEG-hemoglobin (MP4) improves hemodynam-
ics, acid-base status, and survival after uncontrolled
hemorrhage in anesthetized swine.

Robert M. Winslow, MD*?, Mark A. Young, PhD", Louis
Riddez, MD, PhD*®, B. Thomas Kjellstrom, MD, PhD"?,
Jenny Bursell®, Ford Winslow?”, Jeff Lohman®

10 Sangart, Inc., San Diego, CA, USA, 20 Department of
Bioengineering, University of California San Diego, San
Diego, CA, USA, 30 Department of Surgery, Karolinska
Hospital, Stockholm, Sweden, 400 Department of Surgery,
Karolinska Institute at Soder Hospital, Stockholm, Sweden, 51
Department of Defense Medicine, Swedish Defense Research
Agency (FOI), Stockholm, Sweden

Financial Support and Disclosures: This work was supported by
grants RO1 HL076163 and RO1 HL64395 from the NHLBI, and by
Sangart, Inc. Dr. R. Winslow is President and CEO of Sangart, Inc. Dr.
Young, Mr. Lohman, and Mr. F. Winslow are employees of Sangart, Inc.

MalPEG-hemoglobin, 4 g/dL (MP4), is a hemoglobin-based oxy-
gen carrier with a low hemoglobin concentration, low P50, high colloid
osmotic pressure, and high viscosity. This study evaluated resuscitation
with MP4 in anesthetized swine hemorrhaged 250 mL by controlled with-
drawal, followed by a 5 mm tear in the abdominal aorta. Four groups of
pigs (n=7 each) were randomized after hemorrhage by aortic tear to
receive 250 mL of MP4, Ringer's acetate (RA), 10% pentastarch (PS), or 4
g/dL stroma-free hemoglobin (SFH), followed by aortic repair and transfu-
sion of 250 mL autologous blood. Endpoints were 20-hour survival,
hemodynamic parameters, and acid-base status. Continuous aortic, pul-
monary arterial, and central venous pressures, cardiac output by thermodi-
lution, arterial and venous blood gases, electrolytes, lactate, base excess,
oxygen delivery, consumption, and extraction ratio, hematocrit, hemoglo-
bin, urine output. Body weight (24-27 kg) and hemorrhage volume (26-33
mi/kg) were similar in the 4 groups. The nadir of mean arterial pressure
(22-28 mmHg), and the rise in lactic acid (5-8 mEg/L) after hemorrhage
were similar in all groups, indicating equivalent shock in the 4 groups.
Survival was greatest in the MP4-treated animals (6/7) compared with RA
(2/7), PS (1/7) and SFH (2/7) and was accompanied by an improved
recovery of arterial pressure, cardiac output, and lactate. Total hemoglobin
concentration was equivalent in all groups. Arterial pressure did not rise
above baseline values and systemic vascular resistance was unchanged fol-
lowing administration of MP4, indicating the lack of peripheral vasocon-
striction. Mortality in RA, SFH and PS-treated animals was associated
with deteriorating acid-base status, low urine output, and hyperkalemia.
These data demonstrate that restoration of oxygen delivery with a small
volume of MP4 yields significant recovery from hemorrhage without sys-
temic vasoconstriction.
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A New Assay For The Detection Of Misfolded
Prion Protein (PrP*) In Blood.

Cindy Orser PhD, Tao Pan PhD, Jasmeet Sethi PhD, Craig
Nelson, Pete Andreotti PhD, and Alan S. Rudolph PhD
MBA.

Adlyfe Inc. 9430 Key West Ave, Rockville, MD 20850

We have developed a new in vitro diagnostic assay for the
rapid detection of misfolded prion protein (PrP*®) in blood. Small
peptides structurally designed with fluorescent probes have been syn-
thesized. Upon interaction with PrP* in a blood sample, the peptides
undergo a conformational change from alpha helix to beta sheet that
mimics the folding reaction known to occur as Pr’ converts to the
infectious and deleterious PrP*® (J. Biomolecular Structure and
Dynamics 21:353-365 2003). The conformational change in the syn-
thetic peptide is accompanied by formation of an excimer state of the
fluorescent probes on the peptide which is easily monitored over the
timecourse (30-180 minutes) of the reaction. Superior sensitivity of
the assay is achieved due to signal amplification as additional peptides
are recruited in solution to undergo a similar conformation change.
This has enabled the detection of PrP*® in blood plasma and serum of
animals infected with disease. In a controlled model of infection in
hamsters, we have shown that this method can detect disease
presymptomatically and considerably earlier than current ELISA or
Western Blot tests which are currently unable to detect disease in
blood. We have also demonstrated the detection of PrP* in the blood
of animals with endemic disease including Sheep Scrapie and BSE.
The test is currently being optimized for large scale automated high
throughput testing for PrP*¢ for live animal surveillance of disease as
well as human blood screening for vCJD.
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Background. Treatment of cerebral infarction (Cl) has been
limited to indirect therapies aiming at reduction of edema or oxygen
(O,) demand. We tested a hypothesis that liposome-encapsulated

hemoglobin (LEH) with a high (P_=10mmHg) or low (P_=40mm Hg)
0O, affinity may improve microcirculationl] ameliorate tissue hypoxia

and limit ischemic damages using photo-induced thrombosis of the
middle cerebral artery (MCA\) in the rat (PIT model).

Methods. Cerebral infarction was made in rats by transorbital
approach to middle cerebral arteryl which was occluded by photo-
induced thrombosis (PIT model). LEH and its diluted solution was
administered after PIT occlusion of the MCA. These rats are killed 24
hours later and area of infarction was assessed by integrated area of Cl
in 6 frontal slices of the brain using TTC staining.

Results. LEH with a high and low O, affinity (1% of body

weight) significantly reduced the extent of infarction as compared in
rats receiving empty liposome or saline (Figure left). There was no
significant difference with regard to O, affinity. A stepwise dilution of
LEH (P_=40 mmHg) revealed that protective effect was significant as
low as 0.04% of body weight (Figure right) mainly in the cerebral cor-
tex (impending infarction) rather than basal ganglia (core of infarc-
tion).
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Conclusion. LEH with a high or low O, affinity in a small dose
(0.04% of body weight) is effective in reducing area of cerebral
infarction mainly in the cortex (ischemic penumbra ) rather than basal
ganglia after photo-induced thrombotic occlusion of the MCA in the
rat (PIT model).
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Bacgrounds. Liposome-encapsulated hemoglobin with a high O, -
affinity (hLEH, P,_=10 mmHg) may allow efficient O, delivery to surgical
wounds and accelerate its healing. We test this hypothesis in a rodent gas-
tric wound healing model.

Method 1. One percent (1%) body weight of hLEH, empty lipo-
some (EL) and homologous blood (TX) were intravenously given prior to
10 mm gastrotomy and anastomosis with 4 stitches in SD rats. Two and 4
days later, the whole stomach was excised and histological studies were
performed after bursting pressure was determined by gradually inflating
the stomach.

Method 2. hLEH repeatedly diluted by 5 times (1%, 0.2%, 0.04%
and 0.008% of body weight) with saline to an aliquot of 1% of body
weight (n=15) was intravenously infused before a similar gastrotomy -
anastomosis model in SD rat. Two days later, histological studies were
performed after bursting pressure was determined.

Results. Bursting pressure of the wound was significantly higher in
rats receiving hLEH (1%) in 2 days as compared to animals receiving
either transfusion or empty liposome. The difference disappeared in 4 days
(Figure left). In stepwise dilution, bursting pressure was significantly
higher in rats receiving hLEH higher than 0.04%, and non-significantly
higher in rats receiving 0.008% of hLEH than animals receiving the same
amount of saline or empty liposome (Figure Right). Histological examina-
tion revealed a good wound healing, little inflammation and accumulation
of macrophages in hLEH-treated rats. Appearance of macrophage was also
prominent in rats receiving empty liposome, suggesting liposome's outer
capsule (lipid, PEG) attracts the tissue scavenger, but inflammation and
delayed wound healing were similar to the animals receiving saline.
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Conclusion. The results suggest that hLEH be effective in an
amount as small as 0.04% of body weight to improve wound healing early
after gastrotomy in the rat. Decreased inflammatory response may suggest
improved microcirculation and efficient O, delivery to the wound as a pos-
sible mechanism. Optimal O,-affinity, timing and amount of LEH need to
be defined as a novel approach to improve surgical wound healing.
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Figure Time course of metHb formation in Hb vesicles in vivo (20 mL/kg, Wistar rat). Hb
vesicles were coencapsutaing o no metHb and L-Tyr, » 4wt metHb and 8.5 mM L-Tyr.
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Synthesis and O,-Binding Properties of Albumin-
Heme Having Covalently Linked GluFePs as O,-

Coordination Site

Rong-Min Wang, Teruyuki Komatsu, Eishun Tsuchida
Adv. Res. Inst. for Sci. & Eng., Waseda University

As a model of the O,-carrying synthetic hemoprotein,
tetrakis{(a ,a ,a ,a -o -pivalamido)phenyl}porphinatoiron (I1) with
a proximal-imidazole (FeP) is incorporated into recombinant human
serum albumin (rHSA), giving an entirely synthetic hemoprotein
[albumin-heme (rHSA-FeP)], which can coordinate O, under physio-

logical conditions (pH 7.3, 37.C). This O,-carrying plasma hemopro-

tein could be of extreme medical importance not only as a blood
replacement composition, but also as an O -transporting medicine.

The major driving force of the heme-binding to rHSA is a hydropho-
bic interaction, therefore, its binding ability are not high enough to
maintain the heme concentration in the circulatory system. In order to
prolong the persistence of FeP in the blood stream, we have synthe-
sized a new FeP molecule having a succinimidyl-glutamyl side-chian
(GluFePs) and fixed it to the rHSA structure through a covalent bond.
Structure and O,-binding properties of this novel albumin-heme

[rHSA(GIuFeP)] conjugate have been studied.

Firstly, the branched tail including the imidazolyl and succin-
imidyl groups via a glutamate junction were introduced into the active
heme (FeP). All reactions can be performed at room temperature with
high yields. Then, the succinimidyl group of heme (GluFePs) selec-
tively reacted with the NH, group of lysine of albumin in the range of

pH 6.3-8.6 at room temperature with high yield. The average binding
numbers of FeP in an rHSA were estimated to be three by MALDI-
TOFMS. The conjugation of GluFePs did not induce any change in
the circular dichroism spectrum of rHSA in the 200-250 nm region.
This means that the secondary structure of albumin remained unal-
tered after the covalent binding of the hemes. The obtained
rHSA(GIuFeP) can reversibly absorb O, under physiological condi-

tions, and its O,-binding affinity [P (O,)] was identical to that for

2
human erythrocytes. The half-lifetime of the O, adduct was ca. 5 hr at
370, which is significantly longer than that of the non-covalent

rHSA-FeP hybrid.
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