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Oxidative  Inactivaion of Peroxiredoxin  Isofooms by HX» in  Pulnonary
Epithelia, Macrophage, and other Cell Lines with ther Subsequent
Regeneration

Yoon Jung Oh, MD., Young Sun Kim, B.S., Young In Choi, MD., Seung Soo Shin, MD., Joo Hun Park, MD.,

Young Hwa Choi, MD., Kwang Joo Park, M.D., Rae Woong Park, I\/I.D.‘, and Sung Chul Hwang, M.D.

Department of Pulmonary and Criticdl Care Medicine, Department of Medicdl Informatics' Ajou University School of Medicine Suwon, Korea

Background : Peroxiredoxins (Prxs) are a relatively newly recognized, novel family of peroxidases that reduce HeOq
and alkylhydroperoxide into water and alcohol, respectively. There are 6 known isoforms of Prxs present in human
cells. Normally, Prxs exist in a head-to-tail homodimeric state in a reduced form. However, in the presence of excess
HoOs, it can be oxidized on its catalytically active cysteine site into inactive oxidized forms. This study surveyed
the types of the Prx isoforms present in the pulmonary epithelial, macrophage, endothelial, and other cell lines and
observed their response to oxidative stress.

Methods : This study examined the effect of exogenous, excess HaO2 on the Prxs of established cell lines originating
from the pulmonary epithelium, macrophages, and other cell lines, which are known to be exposed to high oxygen
partial pressures or are believed to be subject to frequent oxidative stress, using non-reducing SDS polyacrylamide
electrophoresis (PAGE) and 2 dimensional electrophoresis.

Result : The addition of excess H2O2 to the culture media of the various cell-lines caused the immediate
inactivation of Prxs, as evidenced by their inability to form dimers by a disulfide cross linkage.

This was detected as a subsequent shift to its monomeric forms on the non-reducing SDS PAGE. These findings

were further confirmed by 2 dimensional electrophoresis and immunoblot analysis by a shift toward a more acidic
isoelectric point (pI). However, the subsequent reappearance of the dimeric Prxs with a comparable, corresponding
decrease in the monomeric bands was noted on the non—reducing SDS PAGE as early as 30 minutes after the HaOs
treatment suggesting regeneration after oxidation. The regenerated dimers can again be converted to the inactivated
form by a repeated HeOs treatment, indicating that the protein is still catalytically active. The recovery of Prxs to
the original dimeric state was not inhibited by a pre-treatment with cycloheximide, nor by a pretreatment with
inhibitors of protein synthesis, which suggests that the reappearance of dimers occurs via a regeneration process
rather than via the de novo synthesis of the active protein.
Conclusion : The cells, in general, appeared to be equipped with an established system for regenerating inactivated
Prxs, and this system may function as a molecular “on-off switch” in various oxidative signal transduction processes.
The same mechanisms might applicable other proteins associated with signal transduction where the active catalytic
site cysteines exist. (Tuberc Respir Dis 2006 5831-49)
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Figure 1. Expression of the oxidized and reduced
fom of Prx |, Il, and Il in the nomal lung tissue and
various cell lines (non-reducing SDS-PAGE).

Normal lung tissue (NL) and various cell lines (A549,
W26, Raw 2647 , and Rat?2) were lyzed in a homo
genation buffer and 10 pglane of the total protein
extract was loaded onto  12% non-reducng  SDS
PAGE with subsequent Western blot analysis by Prx
isoform  spedffic  antibodes  (The 48 kDa  band  represents
the reduced form of Prx in its dmerc state, and the
25 kDa band in the bottom represents the monomeric
Prx bands aong with their active site cysteine in an
oxidized state).
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monomeric band= YT} (Figure 1 2} 2 9] lanes;
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Figure 2. Expression of oxidized form and reduced
fom of Prx |, Il, and Il in the nomal lung tissue and
various cell lines (reducing SDS-PAGE.

The samples were treated in the same way as in the
Figurel. However, they were incubated with the sample
buffer  containng  both  DTT and  [B-mercptoethanal,
which  reduces the intermolecular disulfide linkage  of
the Prx proteins.
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Figue 3. Expression of the oxidized and reduced
fom of Px IV, V, and WM in the nomal lung tissue
and various cell lines (reducing SDS-PAGE).

The samples were prepared in the same way as in the
Figure 1 and Figure 2. However, they were -electro-
phoresed under reducing conditions, and  subsequent
immunoblots  were  performed with — anti-Prx = IV, V,
and VI specific polyclonal antibodies, respectively.
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Houe 4. Oxddtion of Px | under vaning oconcentrations of H.O» in pumonary capillary endothelial cells and in Rat2
fibroblasts.

Primary  cultured pulmonary capillary endothelial  cells  (PACEC), were plated onto 6 wel plates and dfferet HO
oconcartrations,  as  indicated, were added Each wel wes henvested usng a  homogenization  buffer  and  Westen  blotted
with anti-Prx | specific antbody after non-reducing SDS-PAGE (A). As the HO, concentraton increased, Prx |
gradually shifted toward the monomeric state (fop panel). However, the total amount of Prx | observed in the

reducing SDS-PAGE is the same (botton panel.
cell line (Rat2) under varying HO, concentrations of (B).
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Figure 5. Oxidaton and subsequent regeneration  of
Prx | in W26, type | pumonary epithelial cell line.

After oxidizng the Prx | protein in the W 26 pumonary
epithelial cell line by the addition of 100 and 500 uM
HO, the inensity of the monomeic band wes  doserved.
The density of the monomeric band decreased and
gradually shifted toward the dimeric forms with time.

In addition,

similar  resuts were obtained with HCO, Rat2  fibroblast
29 HOys =]l 25-50uM AHZ=o A HEH Prx dimer
o] B8AstE o] Akl o (Figure 4 &
Figure 10), 100pM HOu0l A= oF 50%7F &4 8}
H AL, 500iM H:Ops el A= Prxo] 719 AH-7}
Atsle ez AE Tk (Figure 4 & Figure 10).
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Figue 6. Oxidaion and and subsequent  regeneration
of Prx | in AX49, type Il pumonary epithelial cell line.
Oxidation of Prx | into the monomeric form  was

induced by the addtion of 100 and 500 pM HO»
Subsequent  conversion of Prx | into its original  dimeric
reduced state was observed with increasing time.
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Figure 7. Effect of protein  synthesis  inhibitor,
cycloheximide on oxidation and regeneraion of Prx |
in A%49 pulmonary epithelial cell ling.

As described in materials and methods, A9 cells in
the 6 well plates were ftreated with cycloheximide (10
M for 30 minutes, prior to the addiion of 500 uM
g A and 1 mM HO (andd B), respectively. Even
after protein  synthesis was blocked, a shifing of the
Pxl  from its monomeric  oxidized state toward the
dmeric  reduced  form  oocured,  suggesing  the  recyding
of the oxidized protein rather then re-syrthesis.
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Figure 8. Difference in the rate of regeneration of the
oxidized Prx | between A9 and W26 cells in the
presence of cycloheximide.

The rate of regeneration of the oxidized Prx |
between AX9 and W26 cells were compared after
protein  re-synthesis  inhibition by cydoheximide.  The
A¥9 cells contained more Prx | and the rate of
regeneration was faster (vane/ A), whereas the W 26
cells had less Prx | and hence were more wvulnerable

to the same HQO, concentration (panel B).
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Fgure 9. Repeated oxidative inactivation and regeneration of Prx | by HO in Raw 2647 odl line.

In order to detemine if the regenerated Prx | after

oxidation experiments with 500 M  HO, was performed. The same inactivation and
demonstrated by the result of the ex-periment suggested

Prx I A Px I B
A549 WI26 R
H,0, (M) w
1] - - b
25 - - -
50 o = P * »
100 - - > »
500 - i >
T
Oxi Red

Figure 10. Oxidation of Prx | under different concent
raions of HO, in AM9, W26 and Raw 2647 cell
lines analyzed by 2-dimensional elctrophoresis.

After exposing cells to the different HO, oconcentrations
0, 25 50,100, and 500 pM) as descrbed, the ocells
were  harvested and  underwent  2-dimensional  electro
-phoresis.  The right side of the gel represents the
basic proteins with a higher isoelectric point  (pl), and
the left side indicates the proteins with an acidic pl.
pH gradent 3-10, non-linear gel stip was used for
the first dimension and 13 om 12% SDS-PAGE under
reducing condiion was used for the second dimension
(¢ ; oxidzed Prx . Red reduced Prx |, Western
blot with anti-Prx | antibody).

)

50 M HO, ftreatment was sl catalytically active, repeat

regeneration  sequences

that the regenerated Prx | was indeed catalytically active

5. HOXME[of oI5t Prx THHO| ORI RS &

oflMe] o3l Hat

Z}7ke] Prx B2 A4A o2 39 A2 EA4
|9k Ak3lE)d A7t Al Bt 9] isoelec
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B e W

- g s, ML
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Figure 11. Oxidaton and subsequent regeneration of
Px | in the A9 cel line anayzed by 2-dimensional
electrophoresis.

After treaing AX9 cells in  cuture with 500 uM
HO,, regeneration of Prx | was monitored  using
siver  stained  2-dimensional  electrophoresis  of  the

lysates. Immediately after the exposing the cells to
HO, for 10 minutes, all the Prx | protein was obser
ved as the oxidized spot (inear arow), but the re
generation  activity began after one hour  converting
most of the Prx | into the reduced form (arow with

the broken line) by 2-4 hours.
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