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The cleavage of pyrophosphate by human serum apo-transferrin

ZHONG Wei-qing"*" , Parkinson JA** , TANG Wen-bing' ,ZHANG Yong®, Sadler PJ* (1. Department of Inorganic Chemistry,
School of Pharmacy, Second Military Medical University, Shanghai 200433, China; 2. School of Chemistry, University of
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[ABSTRACT] Objective: To determine the rate constants for the cleavage of pyrophosphate to phosphate by human serum apo-
transferrin. Methods: The cleavage was followed by* P NMR spectroscopy. The data for concentration changes of pyrophosphate
(as determined from its NMR peak intensity) with time,in the absence and the presence of MgCl, ,at different pH values, were
fitted to give second order rate constants. Results: The rate constants at 312 K were 8. 83X 10 ' L » mmol ' « h™' at pH 6. 85,
9.59X10 * L +mmol ' «h 'atpH 7.4,and 1.38X10 ° L « mmol ' « h™' at pH 8. 15, for reactions of apo-transferrin (0. 5-
1.0 mmol/L) with 5 molar equivalence of pyrophosphate. The rate constant increased to 1. 21 X107 L. « mmol™' » h™' at pH

7.4,312 K when 2 mmol/L. MgCl, was added. Conclusion: The cleavage of pyrophosphate to phosphate by human serum apo-

transferrin is very slow and follows the second-order kinetics. Mg”" can slightly enhance the rate of the cleavage.
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Phosphorylation is generally considered the
most frequent and universal post-translational mod-
ification of proteins involved in the regulation of
various biological processes. Pyrophosphate can
serve as a source of phosphoryl groups for the
phosphorylation of proteins in a variety of living
organisms''*’. In the presence of Mg”" the protein-
bound pyrophosphate is rapidly exchanged with
phosphate in the medium"*. The cleavage of pyro-
phosphate linkages is important in the enzymic
process of pyrophosphatase,in the biosynthesis of
nucleotides,and in the energy support of biological
reactions.

Pyrophosphate is one of the commonly used
chelators for the removal of Fe*" from transferrins.
Human serum transferrin (hTF), a member of the
transferrin superfamily which contains lactoferrin,
ovotransferrin, and bacterial ferric-ion binding pro-
tein, is the serum iron transport protein. Its pri-
mary functions are the uptake and binding of Fe®"
in specific binding sites, and the release of Fe'" to
cells wia receptor-mediated endocytosis at low
pHY'. hTF is then recycled as apo-hTF back to the
surface of the cell (100-200 recycles of reversible
Fe*' uptake and delivery during its lifetime in cir-
culation'™ ). X-ray crystallographic studies on full-
length or recombinant N-lobe/C-lobe human trans-

[7-9]

ferrins and other transferrins’® have revealed

that hTF is a single-chain glycoprotein (My ca.
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80 000) folded into 2 globular lobes (N- and C-
lobe) ,each of which contains a distorted octahedral
Fe*" binding site consisting of 2 Tyr,one His and
one Asp.and a bidentate carbonate (the synergistic
anion) as ligands.

The protein can bind and transport a range of
other metal ions as well as chemotherapeutic
drugs”"" . Only ca. 30% of the specific Fe®
binding sites are saturated with Fe’" in the serum
and there are high levels of transferrin receptors on
the surface of tumour cells"",

The binding kinetics and binding affinity of a
variety of monovalent and divalent inorganic ani-
ons,including pyrophosphate, phosphate,and bicar-
bonate,have been investigated for elucidation of the
mechanism of metal binding and release'™""!. The
binding constants for pyrophosphate to apo-hTF
have been determined to be logK, 6. 23 and logK,
4. 67 by UV-visible spectroscopy, which are the
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biggest among those inorganic anions tested. For
phosphate the equivalent figures are logK: 4. 65
and logK; 4. 01, which are bigger than those for bi-
carbonate (logK, 3. 00 and logK. 2. 30""1), al-
though (bi) carbonate is the only inorganic anion
which functions as a synergistic anion in forming an
Fe'" -anion-transferrin ternary complex"* .
Although serum transferrin is thought to func-
tion as an iron transport protein, we are interested
in the possibility that it may also have other func-
tions. Here we have shown that it has phosphatase

activity.
1 MATERIALS AND METHODS

1. 1 Materials

hydrate was purchased from Strem Chemicals. Fe

Sodium pyrophosphate deca-

atomic absorption standard solution (1 000 pg/ml
Fe in 3% HNOs),2-[ 4-(2-hydroxyethyl)-1-pipera-
zinyl ] ethanesulfonic acid ( Hepes), human serum
apo-transferrin (apo-hTF, catalog No. T1147) and
holo-hTF (catalog No. T4778) were from Sigma-
Aldrich.

Low molecular mass impurities in apo-hTF
were removed by ultrafiltration for 3 times with 10
mmol/L Hepes buffer pH 7. 4, using a concentrator
(cutoff 30 000, VIVASCIENCE) to give a final
stock solution of ca. 1 mmol/L. concentration. The
concentration of apo-hTF was determined by UV-
visible spectroscopy according to the extension co-
efficient e=93 000 L » mol™' » cm ™' at 280 nm"""/,
1.2 NMR spectroscopy *'P NMR spectra were
acquired in 5 mm NMR tubes on a Bruker DMX
500 NMR spectrometer at 202 MHz with a TBI
probe-head or on a DPX 360 NMR spectrometer at
145. 8 MHz with a QNP probe-head, and equipped
with z-field gradients, using inverse-gated' H decou-
pling. Typically 1D* P-{'H} NMR spectra were ac-
quired with 512 transients into 16 384 data points
over a spectral width of 5.8 kHz (40) using a re-
laxation delay of 0. 6 s,at 312 K with 1 h,2hor5h
intervals. NMR data processing was carried out on
a Silicon Graphics computer using XWIN NMR
software (Version 3. 1,Bruker).

All samples for ' P NMR spectroscopy were in
10 mmol/L Hepes buffer containing 10% D, 0. So-
lutions of ca. 0.6 ml 0. 5-1. 0 mmol/L apo-hTF,in-

to which an appropriate volume of 200 mmol/L py-
rophosphate (reaction molar ratio of pyrophos-
phate: apo-hTF = 5 : 1) was added. The pH was
finally adjusted to 6. 85, 7. 40, or 8. 15 with 0. 9
mol/L HCIO, or KOH. The mixture of 5 mmol/L
pyrophosphate in Hepes buffer with or without
1/60 mol equivent Fe’" (by adding microlitre ali-
quots of Fe atomic standard solution, and finally
adjusting pH to 7. 4) were used as reference stand-
ards.

1. 3  Kinetics measurements The second-order
rate constants (k) for the cleavage of pyrophos-
phate by apo-hTF at pH 6. 85,7. 40,and 8. 15,312
K were obtained by fitting the curves describing the
concentrations of pyrophosphate (PPi) at different

times according to equation (1) :

! :—/etJri @)

Cppi Co

where ¢, is the initial concentration of pyrophos-
phate (at time 0) and cppi the concentration at time
t. crpi was calculated using the following equations:

Cpi

T, (2
CPpi
%L‘PHFCPH:CO (3)

where cp; is the concentration of phosphate formed
during the cleavage process and f, is the ratio of
the (arbitrary) volume integral of the peaks for py-
rophosphate vs phosphate on the” P NMR spectra.
1.4 pH measurements The pH values of samples
were measured at 298 K using a Corning 240 pH
meter equipped with an Aldrich micro combination
electrode calibrated with Aldrich buffer solutions at
pH 4,7,and 10. The pH values of NMR samples in
10 mmol/L. Hepes buffer/D,O 9 : 1 were measured
directly in the NMR tube and no correction has
been applied for the effect of deuterium on the glass

electrode.
2 RESULTS

2.1 Cleavage of pyrophosphate by human serum
apo-transferrin  The cleavage of pyrophosphate by
human serum apo-hTF was followed by *'P NMR
spectroscopy. On the P NMR spectra of apo-hTF
with pyrophosphate in 10 mmol/L. Hepes buffer

pH 7.4 at 312 K, the intensity of the peak for pyro-
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phosphate ( — 6. 59) decreased and shifted to a
slightly higher frequency with time and a new peak
appeared at 2. 74, corresponding to phosphate, with
increasing intensity (Fig 1). The ratios of the (ar-
bitrary) peak integrals for pyrophosphate ws. phos-
phate were used to calculate the concentrations of
pyrophosphate,and the latter in turn were best fit-
ted with equation (1) , to yield the second-order
rate constant #= (9. 5940.10) X10 ' L « mmol '
«h ' (r=0.999) (Fig 2, Tab 1). The rate constant
increased to 1. 38 X 107" L « mmol™' « h™' when
the pH was raised to 8. 15,but decreased to 8. 83 X
107" L » mmol™" « h™" when the pH dropped to
6.85 (Tab 1).

Time (#/h) Pi PPi
3103 l
238.8 J l
168.5 1 Jl_
19.7 Jl J&
69.7 l k
3 ] I:r l
A
11.7 = )‘
@ L
PPi l
10 5 0 -5 -10

5 ('P)

Fig 1 *'P NMR spectra acquired at 202 MHz
for the reaction of pyrophosphate
with apo-hTF at different times
The reaction was carried out in 10 mmol/L Hepes/D, O (9 : 1) at
pH 7. 4,312 K at a mol ratio of pyrophosphate : apo-hTF (0. 93
mmol/L) of 5 : 1. The spectra were recorded at 0,4.7,11.7,31.7,

69.7,119.7.,168. 5,238. 8,and 310. 3 h. PPi and Pi represent pyro-

phosphate and phosphate, respectively

2. 2 Catalysis on cleavage of pyrophosphate by
MgCl, Catalysis with Mg”" in the cleavage
process of pyrophosphate by apo-hTF was tested
when MgCl, (final concentration 2 mmol/L) was
present. The rate constant became 1.21X10 % L »

mmol ! « h™' at 312 K, which was larger when

. 73 .
compared with the reaction without MgCls.
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Fig 2 Decrease in concentration of pyrophosphate
with time for reaction of pyrophosphate with apo-hTF
O+ 1/cppi; —: Second-order fit curve. Reaction conditions are the

same as for Fig 1

Tab 1 Second-order rate constants for

cleavage of pyrophosphate by transferrin

Re@cti()n Conditions k (T(Jrre'lqti()n

mixture (v/L « mmol !« h™ 1) coefficient
apo-hTF+PPi pH 6. 85 (8.834+0.56) X104 0.950
apo-hTF+PPi pH 7. 40 (9.59+0.10) X10* 0.999
apo-hTF+PPi pH 8. 15 (1.3840.58) X107* 0. 965

apo-hTF+PPi pH 7. 40, (1.2140.79) X103 0. 960
2 mmol/L. MgCl;

All reactions were carried out in 10 mmol/L Hepes/D>O (9 : 1),

312 K. The reaction ratios of pyrophosphate (PPi) : apo-hTF (0. 5-

1.0 mmol/L) are 5 : 1
3 DISCUSSION

The cleavage of pyrophosphate is important in
many biological reactions, including the enzymic
process of pyrophosphatase,the biosynthesis of nu-
cleotides,and the energy support for biological sys-
tems. Pyrophosphate is also a source of phosphoryl
groups for protein phosphorylation in a variety of
living organisms"'*'. The binding of pyrophosphate
to apo-hTF is reported stronger than that of (bi)
carbonate, the synergistic anion for the binding of
Fe** to transferrins, by UV-visible spectrosco-
py .

The reaction of pyrophosphate with human se-
rum apo-hTF resulting in a release of phosphate
was observed by* P NMR spectroscopy (Fig 1).
Observed from the™ P NMR spectra, the intensity
of the peak for pyrophosphate decreased and shifted
to a slightly higher frequency with time. This indi-
cates that pyrophosphate is involved in a fast ex-

change process between its free and bound form in
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which the equilibrium is slowly shifting. Best fit-
ting of the concentration of pyrophosphate with
time gave rise to a second-order rate constant of
9.59X10 * L » mmol ' « h™' at pH 7. 4,312 K
(Fig 2,Tab 1). The hydrolysis of pyrophosphate it-
self in the absence of the protein is very slow and
no obvious release of phosphate was observed with-
in 17 d under the same reaction conditions (data
not shown). The cleavage is dependent on pH with
an increasing rate constant at high pH, suggesting
that the deprotonation of tyrosine in the protein
could be important to the process. In the UV-visi-
ble spectroscopic difference spectra,the reaction of
pyrophosphate with apo-transferrin resulted in neg-
ative peaks at 245 nm and around 300 nm (data not
shown), indicating that the phenolate groups of
tyrosines, the specific Fe'" binding sites, are also

16
L8] However,

the binding sites for pyrophosphate
on the basis of our’ P NMR measurements it was
found that the free amino acid tyrosine itself cannot
cleave pyrophosphate to release phosphate under
the experimental conditions used ( data not
shown).

When MgCl, was present the rate constant in-
creased by ca. 1. 3 fold compared with that when
MgCl, was abscent. This result reveals that cleav-
age of pyrophosphate to phosphate by apo-transfer-
rin can be catalysed by Mg®" although the catalysis

is weak.
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Potent antitumoral efficacy of a novel replicative adenovirus CNHK300 targeting telomerase-positive cancer

cells

Su CQ, Sham J, Xue HB, Wang XH, Chua D, Cui ZF, Peng LH, Li LF, Jiang LH, Wu MC, Qian QJ (Laboratory of Viral
and Gene Therapy, Eastern Hepatobiliary Surgical Hospital, Second Military Medical University, Shanghai 200438, China)
[ABSTRACT] PURPOSE: Telomerase reverse transcriptase (hTERT) is the key determinant of telomerase activity and plays
a crucial role in cellular immortalization and oncogenesis. It will be a promising target for cancer gene therapy. We constructed
a novel replicative adenovirus CNHK300 in which hTERT promoter with three extra E-boxes downstream of the promoter was
introduced and used to regulate adenoviral Ela gene, and studied its properties of selective replication in cancer cells and antitu-
moral activity, METHODS: Luciferase assay was used to detect hTERT promoter activity. The selective replication of
CNHK300 in cancer cells was investigated by Ela Western blot and green fluorescent protein (GFP) reporter gene assay. The
antitumoral activity of CNHK300 and its toxicity were measured on animal models. RESULTS: Luciferase assay showed that
introducing extra E-boxes downstream of hTERT promoter is beneficial to decreasing the promoter activity in normal cells with-
out affecting its strong activity in cancer cells. Experiments in vitro and in vivo demonstrated that CNHK300 can selectively
target to hTERT-positive cancer cells and replicate in them, resulting in oncolytic or antitumoral effect. CNHK300 is superior
to ONYX-015 in terms of selective replication and oncolytic or antitumoral effect. The toxicity assay showed no signs of toxicity
to liver cells even at the higher dosage of CNHK300 in vivo. CONCLUSION:; The hTERT promoter-controlled, replication-
competent adenovirus CNHK300 is a promising system for targeted cancer gene therapy.

[J Cancer Res Clin Oncol, 2004,130; 591-603]



