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Chronic intermittent hypoxia induces expression of phospho-PKC substrates
in rat pre-Botzinger complex
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Abstract: The pre-Botzinger complex (pre-BotC) residing in the ventrolateral medulla oblongata, is thought to be the kernel of respi-
ratory rhythmogenesis. Episodic hypoxia exerts respiratory long-term facilitation, being recognized as electrophysiological character-
istic of respiratory motor neuroplasticity. Our previous study demonstrated up-regulated expression of phospho-protein kinase C 6
(P-PKCO) in the pre-BotC of rats receiving chronic intermittent hypoxic (CIH) challenge. The present study was aimed to examine
subcellular distribution of P-PKC substrates (P-PKCsub) and explore PKC down-stream targeting proteins in the pre-B6tC in normoxic
and CIH rats. Using neurokinin-1 receptor (NK1R) as a marker of the pre-B6tC, P-PKCsub immunoreactivity was revealed by immu-
nofluorescence and immuno-electron microscopic double-labeling in the pre-BotC. Western blot was applied to analyze P-PKCsub
proteins in ventrolateral medulla, containing the pre-BotC. The results showed that NK1R immunoreactivity (NK1R-ir) was expressed
mainly along plasma membranes of somata and processes, outlining pre-BotC neurons under the light microscope. P-PKCsub immunore-
active (P-PKCsub-ir) fluorophores in dot-like appearance appeared in somata and processes. Some were in close apposition to plasma
membranes. A majority of P-PKCsub-ir neurons was found with NK1R-ir. CIH challenge up-regulated the expression of P-PKCsub

proteins in the ventrolateral medulla. Under the electron microscope, NK1R-ir product was found to distribute along the inner mem-
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brane surfaces of somata and dendrites. P-PKCsub-ir gold particles were located in somata and dendrites, and some were distributed

along the inner membrane surfaces, as well as in the endoplasmic reticulum and postsynaptic dense body. These results suggest that

CIH challenge up-regulates the expression of P-PKCsub proteins, probably including some receptor proteins in the postsynaptic mem-

brane, which may contribute to respiratory neuroplasticity via activation of PKC6 in the pre-Bo6tC.

Key words: pre-Botzinger complex; PKC substrates; chronic intermittent hypoxia; respiratory plasticity; ultrastructure

WP AR B £ RIS, BRI ] ik
Al WAL N ANPREE AR AT R A B RF
I R 5 A 0 B0 AR Bk R el ] 98 4 1, il iz B B
RRIFWAS R T8 N, AR 7 PR T 3844k . B
TR AT B8 d 5 FH () 30 AR 2R 2 [ B 4K B
B, [R]BT PEAR S 0] 5 S IR A 2 B S = A R
SEERZI RN, AR N K 2 54k (long-
term facilitation, LTF), & I ] 38 1 3k 1y v AR 2
FEAE M. H R SRR AT S ORI T R AR T AR
BESBIRZ IRth4, AAIOREIXEEH A7 LTF (1R
I8 IR AN, LR AL i AR R o v iR
HIIERIRTT 5 B,

IS 2 AR (pre-Botzinger complex, pre-BotC)
A7 T S 6 BT A, B A A o B A AR K
pre-BotC 2 It = R IA ML K 1 %244 (neurokinin
1 receptor, NKIR), XUfllj#5i5 80% LA L) NKIR- 4
¥ [ B (immunoreactive, ir) #1455 7] 7% B T FE I
W, FEUMARE, NKIR-ir =4 & 4% F i pre-
BOtC 11 5 G M & S hn & Y0 JRATT 5L 7% pre-
BGtC #l £8 T0 [ PR 8 A0 22 B3 A 48 8 Joi R 52 A
AELL R SR 22, AN pre-BotC AN T S RpIf 5 43t
FEAE, (AN 2 S a] SR R A . FRATTHT BA R (]
W AR SR AR B R AT TS AR B T, K
I pre-BotC i £ e 1 2 1k 25 1 ¥ C 6 (phospho-
protein kinase C 0, P-PKC0) {5 5 18 i 2 5 Il v] ¥4
PR, TR S R B W P-PKCO,  FHLIKT % #1 4 LTF
PR T H R AN 48 B R 1k PKC R (P-PKC
substrates, P-PKCsub) 7 pre-BotC [ iA 481k . A
FU N P2 (8] I8 14 fIC 280 (chronic intermittent hypoxia,
CIH) KA, 4R pre-BotC #1451 P-PKCsub [f]
BT L 0 AT ) R IE 24, 2 PKC/PKCsub R4 %
5 pre-BotC WP ] B i 42 $E LT &S 24K

1 MR 57HE

L1 FERAFIRMEE  HKEINKIR ik (AB5800,
Chemicon) ; %1 P-PKCsub #i 1 (2261, Cell Signaling
Technology) ; 4= %) 2 Fric I LK B 1gG (Jackson) ;

Texas Red (TR) 4512 BN 1 %+ FITC #x i $t % IgG
(Molecular Probes) ; ABC {jfl|#&; (Sigma) ; 1.4 nm 4
Fric i e IgG. 4R N 77 & (Nanoprobes) ; Super-
Signal West Pico i3] %1 (Pierce Biotechnology). CM1900
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B L SRR ] R 4 (CTH) K il pre-BotC NK1R-irffi £ 75 %15 P-PK Csub
Fig. 1. Expression of P-PKCsub in NK1R-immuoreactive (ir) neurons in the pre-B6tC in normoxic (Nor, 4—C) and chronic intermittent

hypoxic (CIH, D, E) rats detected by immunofluorescence staining. NK1R immunoreactivity was visualized in red, and P-PKCsub in

green. Most of NK1R-ir neurons were found with P-PKCsub immunoreactivity (arrow). Yellow indicated the colocalization of two

different fluorophores in somata (white small triangle) and processes (white large triangle). Stars indicated NK1R- or P-PKCsub-ir

single-labeled neurons. Scale bar, 20 um.
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HANRIE.
2.3 pre-BotCH#HLZ T P-PKCsubfiBEE#9 %
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Fig. 2. Expressions of P-PKCsub proteins in the ventrolateral
medulla in normoxic and CIH rats detected by Western blot. A:
P-PKCsub antibody recognized multiple protein bands in the
pre-BotC region. Arrows pointed to bands in CIH group. B:
Optical density analysis showed a significant increase of P-PKC-
sub in CIH group as compared to the normoxic control (Nor).
Mean + SEM, n=5. P <0.01 vs Nor.

3. P-PKCsub-ir 4 fikE £ pre-BotC 28 76 M A 1943 A

Fig. 3. Distribution of P-PKCsub-ir gold particles in somata in the pre-B6tC detected by immuno-electron microscopic double-labeling

technique. NK1R-immunoperoxidase reaction product was distributed mainly along the inner surface of the plasma membrane (A,

() and also within the plasma (1, C). P-PKCsub-ir gold particles were found in association with the inner surface of the plasma mem-

brane (thin 1, 4, B) and the nuclear membrane (A, 4). The endoplasmic reticulum was with P-PKCsub immunoreactivity. Som: soma;

ER: endoplasmic reticulum; G: Golgi complex. Axo, axon; Nuc, nuclei. Scale bar, 0.5 pm.
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DAB =4 = B 43 i £ pre-BotC & e AR MM 28 34 B, &l 44~C), FJE A 2 1H B ] W4 ks 7 Aii (B
PN 0 (& 3C, 4D), R W NKIR-ir — 34), P4 5T ] WL 4 50RE 43 A,/ /R i Ad v] /b &
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Fig. 4. Distribution of P-PKCsub-ir gold particles in dendrites in the pre-B&tC. The particles were found along the inner surface of
the plasma membrane (small 1, A—F). Some of them were in association with the postsynaptic density (A, B, E-G). Arrowheads in D
indicated NK1R-ir product. The particles in circles (£, G) showed non-specific background labeling. Den: dendrite; T: terminal; Axo:

axon. Scale bar, 0.5 um.
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