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#H OE. AW o0 R S 1Y 5 (pulmonary surfactant, PS)ZH AR &R 1 5 JR B B (Myospalax baileyi)F1 s J5 B %
(Ochotona curzoniae)IEEE NMLH] . = JREY BRA1 S A R R %36, FHHTHEIK3 600 mZ 47 i 44 i o N 5 7 B 1
X, 36 Sprague-Dawley (SD)KFIWH K1 500 m7c 45 {22 K ZESLEG AW O o BT )40 BRI e ok s 7 A 138 4 7 il
e, FRANURIR A SR B I, HXHE S RV I 4 S A B SR . S R SR £ R 4T = R 3PS R A i 1) 4
RO NFG-250% D vk . 58 A 078 Ik e v Jss P vk (PAGEE) RN 5 S 2 40 BT PS B 141 R 1 & B AR S o0 PR VA 4 F
SETPSHRT AR, SRERY. SEBME. =5 R AFMSDAEPST, MBilga ik SN < 0.05), MEASE
R PP (P < 0.05); = FhahPSH ¥ &4 i BEAR A AR (linoleic palmitoylphosphatidylcholine, LPPC). Az A M
JIE Pk JH B (dipalmitoylphosphatidylcholine, DPPC). g EEH il (phosphatidylglycerol, PG). i g Wi lILES (phosphatidylinositol, PI)
F HR19E 22 % 2 (phosphatidylserine, PSe) 5 SAh ik iR i 4, (HIHAAXT & =B B AE ;s 78R R R =5 R R FSDAR R A,
LPPCHT i EL B4R vk 535 3 (P < 0.01); & B BPSHENlE T, DPPC. PGAHIPLHT i EU M) 535 5 T R L S (P < 0.01), =i
B 5SDRRRZENE A BEZESR (P> 0.05); = s 5w i R ARPSTEAR T, PSeft i L&A W35 Z 5(P > 0.05), {HI1k
TE ST SDARR(P < 0.01). =FhahPSH YA MIH 14 H (serum albumin, SA), & J5 Ry BN & B R PSH &4 M4 & F1p
W R R 20 R A RIPR DY SRR R (1, & R SR ANSD K SRPSH & 4 S BREE A (immunoglobulin, Ig) A5 5L, R Rig
BRI S RN E S TSDAR(P <0.01), FMLLRERDSREE ST &SR RAP <0.05). &R & RAAFSDKER
PSR AR R Z /NP < 0.01), HIEEFETAHEEKP <0.01). PLESERIIR, & EE R AR APSH &
HEmEEn, QRS EEEND, AN EARGEN S MR FIERAE D, Bk R 3 ZREE R
DPPCIFAEXS & B AN, IXFRPSEL A A1 & B IR 58 T 1 P P e SR B AR SR A5 103 R 1
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Comparison of the composition and content of pulmonary surfactant among plateau

zokors, plateau pikas and rats
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Abstract: In the present study, the composition and content of pulmonary surfactant (PS) were analyzed to explore the hypoxia adap-
tation mechanism in plateau zokors (Myospalax baileyi) and plateau pikas (Ochotona curzoniae). 36 plateau zokors and plateau pikas
were trapped alive at the Laji Mountain in Guide County, Qinghai Province (at the altitude of about 3 600 m), and 36 Sprague-Dawley
(SD) rats were purchased from the experimental animal center of Lanzhou University (at the altitude of about 1 500 m). All animals
were lavaged after laboratory anesthesia, the blood in lung tissues was fully washed out and the lung tissues were then taken out to
obtain the bronchoalveolar lavage fluid by bronchoalveolar lavage. The composition and content of phospholipids in the PS of three
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different kinds of animals were analyzed by using high performance liquid chromatography; the protein composition, content and
types in the PS were analyzed by G-250 Coomassie brilliant blue method, polyacrylamide gel electrophoresis (PAGE) and mass spec-
trometry; the dissolved oxygen in the PS solutions were determined by using dissolved oxygen electrode. The results showed that the
total contents of phospholipids in the PS were successively increased among plateau zokors, plateau pikas and SD rats (P < 0.05) ,
while the total content of proteins successively decreased (P < 0.05). There were five phospholipids identified in the PS, including
linoleic palmitoylphosphatidylcholine (LPPC), dipalmitoylphosphatidylcholine (DPPC), phosphatidylglyerol (PG), phosphatidylinositol
(PI) and phosphatidylserine (PSe), but the relative contents of these phospholipids were different. The relative content of LPPC was
successively increased among plateau zokors, plateau pikas and SD rats (P < 0.01). The relative contents of DPPC, PG and PI in the
PS of plateau zokors were significantly higher than those of plateau pikas (P < 0.01), while insignificant differences between plateau
pikas and SD rats (P > 0.05). The relative content of PSe had no significant differences between plateau zokors and plateau pikas (P >
0.05), but both were significantly higher than that of SD rats (P < 0.01). The serum albumin (SA) was identified in the PS of three
kinds of animals, including homologous tetramer protein containing heme, which is composed of hemoglobin  subunit, in plateau
zokors and plateau pikas. Immunoglobulin (Ig) heavy chain was found in PS of plateau zokors and SD rats. The content of Ig heavy
chain in plateau zokor was significantly higher than that in SD rats (P < 0.01), and the content of protein containing heme was signifi-
cantly higher than that in plateau pikas (P < 0.05). The amount of dissolved oxygen was successively decreased in the PS among
plateau zokors, plateau pikas and SD rats (P < 0.01), but it was significantly higher than that in saline (P < 0.01). These results suggest
that the total content of proteins in the PS of plateau zokors and plateau pikas was significantly higher, while the total content of phos-
pholipids was significantly decreased. There were high content of homologous tetramer protein containing heme in the PS of plateau
zokors and plateau pikas. The relative content of DPPC, the main component of phospholipids, was significantly increased in plateau
zokors. The changes of PS component and content improve the adaptability of the two plateau animals in hypoxia environment.
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Fig. 1. The high performance liquid chromatogram (HPLC) of pulmonary surfactant (PS) phospholipid standards. 4, B, C, D and E are
HPLC of single standard of LPPC, DPPC, PSe, PG and PI, respectively. /' is HPLC of mixed standards.



AR IR A% .

1.9 it sr#h SR SPSS 24.0 F AR AT £
Ab 3, X F Kolmogoro-Simirnov F1 Levene 1 % £
PR IS AT 2550 SR & B mt AR
[F B, R EEIZR T 2270 1 (one-way ANOVA) A
Duncan’s % # L, 45 8 A mean + SD R E IR,
P<0.05 hZEREA GRS

2 R
2.1 BYREGEEERLBIENNESE

FEAR SEIG 108 8 () (il 2640, 5 M —bRifE S
WY |, RS bR AR BE SIS 4k 4 B9 . LPPC,
DPPC. PSe. PG #iI PI [ tH U} [A] 43 ) 7E 2.6 min,
4.1 min, 5.0 min, 7.9 min A1 9.3 min ( & 1), brifE
AR R SR M X R B R > 099 (£ 1),

v B Bl i R SR R B T35 12 A o AL R 5 B B AR 55

B 25 8 T b vEE T A 5 BTG L B B S I T AR 2
P& & R 14F. LPPC. DPPC. PSe. PG #1PI () H
¥ 2 FF RSD 152514 0.39%. 0.81%. 0.21%. 0.58%
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Table 1. Linear regression equation of peak area and content of five phospholipids

Phospholipids Regression equations R Linear range (1.g)
LPPC y=28.049x — 25.642 0.9966 2.55-63.75
DPPC y=301.410x — 1155.200 0.9994 26.00-65.00

PSe y=31.305x — 226.580 0.9917 2.00-20.00

PG y=10.617x — 51.098 0.9960 2.00-20.00

PI y=10.807x — 45.885 0.9973 2.00-20.00

LPPC, linoleic palmitoylphosphatidylcholine; DPPC, dipalmitoylphosphatidylcholine; PSe, phosphatidylserine; PG, phosphatidyl-

glycerol; PI, phosphatidylinositol.
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PS & (4 3 44 (Bandl. Band2 I Band3), /&
JA A 2 44 (Band2 F1 Band3), SD KA 2
ANt (Band1 A1 Band3)( &l 3B). £ )5 1% 43 7 H1 [
PEAE LS I, e B BRFT SD K BRI 26 1 2R
oy A B 125 K143 AR R R AR, M UE N
38.93%, % Uniprot Z(4 72 LU X, 3X 9 #h 34 4% i
1 A NP BRE E (immunoglobulin, Ig) B I,
e Ji R BROFH s R R SR ) AR 2 R AR 14T AR
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A& A 606, 608 Al 608 R IR LI, HbhE
JiR 1 B A5 e R BR AT S ARBURE SN 67.11%, 1 JL i B
55 SD K RFFIAHLE A 85.20%, = i il a5 SD
KEFEFIALE N 64.80%, £ Uniprot $3f J& L X,
k15 3 5 N IMLIE 185 [ (serum albumin, SA)( ] 4).
7 JEL Y R SD K B PS A, Tg o Bk 3 R K A
IRPEAESY HIN 84.94 + 1.15 F1 44.17 £ 2.03, =5
B Ig RS BIEE ST SD KR (P <0.01),
R R AR Z X O s R R R B 4R PS

K2, Fm & A ARG R e
Table 2. The content of phospholipids in pulmonary surfactant (ng/mL)

Phospholipids Species

Zokor Pika Rat
LPPC 2.23+0.61 4328 +4.17" 74.52 + 583"
DPPC 30.80 +3.73 35.66 + 1.67 34.51+535
PSe 5.23+£0.69 7.83+1.18 2.84 +0.74""
PG 6.36 £ 1.04 6.48 +1.12 9.54+0.32"
PI 7.71+0.93 224+0.16" 1.65+0.20"
TPL 52.32+7.00 95.49 +8.30" 123.06 + 12.44™

Zokor, plateau zokor (Myospalax baileyi); Pika, plateau pika (Ochotona curzoniae); Rat, SD rat; LPPC, linoleic palmitoylphospha-

tidylcholine; DPPC, dipalmitoylphosphatidylcholine; PSe, phosphatidylserine; PG, phosphatidylglycerol; PI, phosphatidylinositol;
TPL, total phospholipids. Mean + SD, n = 6. 'P<0.05 vs Zokor, "P < 0.01 vs Zokor, “P < 0.05 vs Pika, “P < 0.01 vs Pika.

K3,k & & TR R A AR S E
Table 3. The relative content of phospholipids in pulmonary surfactant (%)

Phospholipids Species

Zokor Pika Rat
LPPC 432+1.18 4532 +436" 61.84 + 4,847
DPPC 58.28 £7.22 37.34+1.75" 28.64 + 4.44"
PSe 10.14 +1.33 8.20+1.23 236+0.617%
PG 12.32 £2.02 6.79+1.18" 7.91+0.26"
PI 14.93 +1.80 235+0.17" 1.37+0.17"

Zokor, plateau zokor (Myospalax baileyi); Pika, plateau pika (Ochotona curzoniae); Rat, SD rat; LPPC, linoleic palmitoylphospha-
tidylcholine; DPPC, dipalmitoylphosphatidylcholine; PSe, phosphatidylserine; PG, phosphatidylglycerol; PI, phosphatidylinositol.
Mean + SD, n=6. "P < 0.01 vs Zokor, “P < 0.01 vs Pika.
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B ML 3 B K AT K FEAE 2393 137.75 + 2.02 Al
116.41 +3.12, mEMRETMAREATERE
TR R % (P <0.05), SD KEHZZES : @5
BB IR SR A A SD KRR PS H, SA HLK SR K
FEAE 3 9R 137.16 + 1.32, 138.68 + 2.42 fll 135.99 +
121, =FEY) SA SEKRAREZER (K 30).
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/N R SA EE [ F A1 A YR A 4y i) Dl 83.72% Al
84.34%, R BRI 4 3 B A S K RAVNR T
SA & H 7 H1) 1 [F VR 1 5 ) N 63.38% F1 63.32%,
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Fig. 3. The content of total protein and each protein band in the
pulmonary surfactant (PS) of plateau zokors, plateau pikas and
SD rats. 4: The total content of PS protein. B: Polyacrylamide
gel electrophoresis. M, protein marker; 1-3 lane, the PS protein
of plateau zokors; 4-6 lane, the PS protein of plateau pikas; 7-9
lane, the PS protein of SD rats. C: The gray value of each protein
band. Mean + SD, n=6. P <0.05, "P<0.01.

e J B A A SD K BRI PS £ [ FR 2R I AN 42 SP-A.
SP-B. SP-C #1 SP-D, ffii+& Ig HE#ERIEF SA (K 5).
2.4 PSIREENE

EREY R . EE R, SD KEK 0.05 g/mL PS
AN A B 3 K IE A& 50 A (7.05 + 0.15) mg/L,
(6.30 £ 0.10) mg/L.(5.75 + 0.05) mg/L 1 (4.85 £ 0.05)
mg/L. 5 Ry B B B S A SD KB PS WA
AR ZE & TAHEEK P<0.01), HEE»
BN S R B S PS IR MR A =R E = T SD K
(P <0.01) (HE 6),

3 i

PS B PR MIR R I 5K 77, 1Y 5@l 2H 2 S
SR ThRE,  ARAERT I S AR AS e Th B ROAE T P2,
WA, KARLERY 4 800 m & JFLAK A A LI,
FLPHHE VR SRR S R R Y, Wistar KRR
o lE i sn, HmESER H AwElE. PG, PC. DPPC
RS AS B R EET & R AR R .
W F 8 %% & 1iE (respiratory distress syndrome, RDS)
B PS PR A B A EW WD B,
FLRL Sy DPPC il PG AR &5 i B 2 B 272, [
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ZokorBand3 481 RVCVLHEKTPVSEQVTKCCTESLVNRRPCFSALPVDETYVPKEFKAETFTFHADICTLPEKEKQTKKQTALAELVKHKPK 560
PikaBand3 481 LNRFCVLHEKTPVSEGVTKCCTESLVDRRACFSDLTPDNTYVPKEFHVETFTFHADICTLPQHKREYKKQKALVELVKYK 560
RatBand3 481 LNRLCVLHEKTPVSEKVTKCCSGSLVERRPCFSALTVDETYVPKEFKAETFTFHSDICTLPDKEKQIKKQTALAELVKHK 560
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ZokorBand3 561 ATSDQLKTV AAFLDKCCKA CFSEEGPKCFASSQAALA
PikaBand3 561 PNATKEQLKKVVGDFTAMVEKCCAADDKEACFSEEGPKLVESSKAALA 608
Rat Band3 561 PKATEDQLK DFAQFVDKCCK DNCFATEGPNLVARSKEA

B 4. BRI S FISD K B AR T LD 2 1 R LR 71
Fig. 4. Amino acid sequences of pulmonary surfactant proteins in plateau zokors, plateau pikas and SD rats. 4, B and C are the amino
acid sequences of band1, band2 and band3 proteins, respectively.
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GRAMHZUT PS A, BRI BN, TR R R R A AR P (R, A )
sRARSC e Th A B, 3PSt DPPC RIPG AR Wi SUFI %6 8. 25 & TP J5 SD KR, H i J i B
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Accession number

Myospalax baileyi Band3

92 |Mus musculus Serum Albumin AAH49971.1
Rattus norvegicus Band3
Ochotona curzoniae Band3
Mus musculus SP-B AAB34846.2
| Myospalax baileyi Band2
Ochotona curzoniae Band2
Rattus norvegicus Band1
D Rattus norvegicus Immunoglobulin heavy chain AAA03680.1
0 Rattus norvegicus SP-B AAH72466.1
i L Rattus norvegicus SP-A NP001257574.1
Mus musculus SP-A 1908183A
L Rattus norvegicus SP-D AAH70507 1
Mus musculus SP-D AAH70507 1
Rattus norvegicus SP-C AAH72693.1
99 Mus musculus SP-C AAA40010.1
[ Myospalax baileyi Band1
99 | Mus musculus Immunoglobulin heavy chain  AGN91461.1

—
10

5. AR R MR R R SDK R I yE MY & MR K BR (Rattus norvegicus) BA /N B (Mus musculus) & 1751 1 3EA b

Fig. 5. Evolution tree of pulmonary surfactant protein sequences of plateau zokors, plateau pikas, SD rats, Rattus norvegicus and Mus

musculus.
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Fig. 6. The dissolved oxygen content of pulmonary surfactant
solutions in plateau zokors, plateau pikas, SD rats and saline.
Mean + SD, n=6. P <0.01.
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