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Compared Analysis of Retinal Protein Expression

Induced by Neutron Radiation and Microgravity

SUN Simin  FENG Jundong  FU Hao
HE Chengyu  TIAN Liuxin =~ BO Hongyu

(College of Materials Science and Technology, Nanjing University of Aeronautics and Astronautics, Nangjing 211106)

Abstract This study employs bioinformatics methods to analyze and compare the effects of neutron
radiation and microgravity environments on retinal protein expression in mice, providing a biological ba-
sis for understanding the mechanisms of retinal damage induced by space environments. Furthermore, it
offers insights for risk assessment and protective measures related to space environments. We obtained

differential expression data of retinal proteins in mice exposed to neutron radiation and microgravity en-
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vironments. Various bioinformatics methods, including GO and KEGG enrichment analyses, PPI net-
work construction and module analysis, and Hub protein screening and analysis, were employed to com-
pare the effects of neutron radiation and microgravity on retinal protein differential expression. The re-
sults show that there were differences in the most significantly enriched functions. Neutron radiation in-
ducement primarily enriched in functions such as “response to xenobiotic stimulus”, “actin filament”
and “identical protein binding”. Microgravity inducement enriched in functions such as “lens develop-
ment in camera-type eye”, “mitochondrion”, and “structural constituent of eye lens”. The KEGG analy-
sis showed that the changes in the “Motor proteins” pathway were consistent under both neutron radia-
tion and microgravity inducement. In addition, neutron radiation inducement also enriched in the “Fo-
cal adhesion” and “Regulation of actin cytoskeleton” pathways, while microgravity inducement also en-
riched in the “Cardiac muscle contraction” pathway. The Hub proteins and Biological Process (BP) of
the most significant modules were different. The most significant BP under neutron radiation induce-
ment was “muscle contraction” ; while under microgravity inducement, “camera-type eye development”
was the most significant. Under different inducement, the expression trends of proteins PMEL, PTN,
TPM1, and RAB27A were consistent. However, PDPN showed an opposite change. The results suggest
that retinal proteins respond differently to neutron radiation and microgravity stimuli. These findings

have the potential to elucidate the mechanisms of retinal damage caused by space radiation or micro-
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gravity and provide a reference for developing targeted protective measures.
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Table 1 Node degree of differentially expressed
Hub proteins in the retina induced by

neutron radiation (top 10)

Rank Name Score
1 VCL 14
2 MYHI11 9
3 MYL9 8
3 TAGLN 8
3 MYLK 8
3 TPM2 8
3 TPM1 8
8 CALD1 7
8 FLNA 7

10 ANXAS5 6

MYLK; HUCHILA Rt fe, fsmixei & CALD1,
TPM2, TPM1, MYH11, MYL9, VCL, MYLK; &%
2.2 HEHHFEXRIAMEEBQRIEMNFNE
2.2.1 REHHFEFSHUMEE DEPs BIhgE
EEERSH
SIS LK 15 5] 224 Ff DEPs, Hirp ®ATIE5 4

Chin. J. Space Sci. =AFFFIR 2025, 45(5)
*2 REEZEHRNEQAMN (hFiES)
Table 2 Protein composition of the most important

module (neutron radiation)

Name Log2FC p-value

VCL 0.315672606 0.003270326
TAGLN 1.306693581 0.000112783
MYLK 0.842655794 0.001317789

MYL9 1.258456494 0.000221689

TPM1 0.792268363 0.000407139

TPM2 1.284591944 0.000206282
CALD1 0.509000461 0.000924537
MYHI11 1.468484826 5.69%10°

FEMAEO BRZAFE i IR 126 1>, T RRIAE
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* 3 SEEERNESIIE (PFiES)

Table 3  Partial functions of the most important module (neutron radiation)

GO-ID p-value Description Genes in test set
6936  3.12x10°° Muscle contraction CALD1, TPM2, TPM1, MYH11, MYL9, VCL, MYLK
3012 8.59x10" Muscle system process CALDI1, TPM2, TPM1, MYHI11, MYL9, VCL, MYLK
3008 9.35%10 ° System process CALD1, TPM2, TPM1, MYHI11, MYL9, VCL, MYLK
43462 2.13x10° Regulation of ATPase activity TPM2, TPM1
32501 6.22x10° Multicellular organismal process TAGLN, CALDI1, TPM2, TPM1, MYH11, MYL9, VCL,
MYLK
30811 1.99%10° Regulation of nucleotide catabolic process TPM2, TPM1
33121 1.99x10°  Regulation of purine nucleotide catabolic TPM2, TPM1
process
48251 2.24x10° Elastic fiber assembly MYH11
43297 2.80x10° Apical junction assembly VCL
7517 2.90x10° Muscle organ development TAGLN, MYH11
~
&~
o

“lgp

Biological process Cellular component Molecular function

K4 BUE TR SN2 R RIAEH BP, CC, MF 1 GO 70 #r
Fig. 4 GO analysis of DEPs in the retina induced by microgravity environment in terms of BP, CC, and MF
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Bubble chart of KEGG pathway analysis for differentially expressed proteins in

the retina induced by microgravity environment
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(Podoplanin) & 1748 S5 0L I I 238 TF I, TITEDL
BT Fk B, WL 7 k8.

5k DAVID Fd it A= 2g L 72 L A2 45
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Table 4 Node degree of hub proteins differentially ex-
pressed in the retina induced by microgravity

environment (top 10)

Name Rank Score
ACTA1 1 13
CRYAB 2 12

TPM1 3 11
TNNT3 4 9

TNNI2 4 9
MYH4 6 8
MYHS8 6 8
CSRP3 [§ 8
CRYBBI1 9 7
PXN 9 7

T S TR B £ R LR [T S R
KEGG il # 43 0 45 R Bk, h FHR A ES W
DEPs % 5 4 7E B BT, L3025 11 40 i 5 22 4
BRI B, EE B TR B
MR TSI RS 4. SZR K R IR R B B 1A
B, HE— (A E A I S 7 3 T P R Y
. 23 (] R S IREEE S0 DEPs T3 R AR
EHEE, IR EY. KEGG 845 R,
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x5 REEERNEAHEM (MENRE)

Table 5 Protein composition of the most important module (microgravity environment)
Name Log2FC FDR adjusted
MYHS8 —2.680179586 0.008307896
CRYBA1 —4.504364715 0.048282442
MYH4 3.854188267 0.03172948
ACTA1 —4.332887144 0.03201434
CRYBB2 —-3.667393599 0.047707924
TPM1 4.416731705 0.00830411
MYH7 B —-1.197124303 0.020782533
CRYBB1 —4.618506708 0.048847149
TNNI2 3.456403098 0.047905536
CRYGB —4.481399359 0.048586694
TNNT3 —4.306619987 0.031979082
CRYAB 3.475877689 0.048783752
CRYAA -3.132446621 0.048329001
* 6 HREZERIISINEE (REHMER)
Table 6 Partial functions of the most important module (microgravity environment)
GO-ID p-value Description Genes in test set
43010 9.94x10 " Camera-type eye development CRYGB, CRYBA1, CRYBB2, CRYAA, CRYAB
1654 2.54x10°° Eye development CRYGB, CRYBAL, CRYBB2, CRYAA, CRYAB
7423 3.05%10°"° Sensory organ development CRYGB, CRYBA1, CRYBB2, CRYAA, CRYAB
2088 3.15x107 Lens development in camera-type eye CRYGB, CRYAA, CRYAB
60561 3.93x10°" Apoptosis involved in morphogenesis CRYAA, CRYAB
70307 3.93x10" Lens fiber cell development CRYGB, CRYAA
70309 3.93x107 Lens fiber cell morphogenesis CRYGB, CRYAA
48513 5.86x10 Organ development ACTA1, CRYGB, TPM1, CRYBA1, CRYBB2,
CRYAA, CRYAB
7021 7.87x107 Tubulin complex assembly CRYAA, CRYAB
48731 3.12x10° System development ACTA1, CRYGB, TPMI1, CRYBA1, CRYBB2,

CRYAA, CRYAB

PR SRR AT T Xof R IO S i 5l 3 e A S, {HHC
B IEAE G, #E— PR R R E ) AR
S PR X ) B B BL TR A AR 25 57

PPI W& 53 B2 R s, PN BEAE b+ i )
FIFCT, Pig i SR K Hub S AR AEA. b
THEGTRILT, fe B 5 o A R LA
Wi, izt B S AR 8 H CALD1, TPM2, TPMI,
MYH11, MYL9, VCL il MYLK. 6 4% # & 3 1
MYLO 7E N (9 8 I FE A0 M 28 . AR TS ) . 40 i b

BOF . 20 AR B I FF- 18 LS 4 25 D e vh A 4
PERIT, L2 1o v AR S R 1 25 Rk
IRSCHEE . MR IERT, Bl AR i 2
HHEYSREMIBRAT, ZaRa S AEA
CRYGB, CRYBA1, CRYBB2, CRYAA, CRYAB,
DL B2 o o s S L R A 1 22 R 3R i G
M. CRYAA (Alpha-crystallin A chain) fl CRYAB
(Alpha-crystallin B chain) #{iA hJ 8 5 195> T8
R, TEA ISt 40 NSO T By 1k R B



1338

Chin. J. Space Sci. =AFFFIR 2025, 45(5)

® 7 HFIESHFESHWME PMEL, PTN, TPM1, RAB27A, PDPN £ 2XRiAER

Table 7

Differential expression of PMEL, PTN, TPM1, RAB27A, and PDPN in

the retina induced by neutron radiation

Name Log2FC p-value Expression
PMEL 1.517216215 0.004936262 Up
PTN 0.538650012 0.015295976 Up
TPM1 0.792268363 0.000407139 Up
RAB27A 0.559708733 0.01240258 Up
PDPN -0.390614025 0.015486769 Down

xR 8 WMEHWBFSMME PMEL, PTN, TPM1, RAB27A, PDPN £ 2XiAER

Table 8

Differential expression of PMEL, PTN, TPM1, RAB27A, and PDPN in

the retina induced by microgravity environment

Name Log2FC FDR adjusted Expression
PMEL 5.279723053 0.00832942 Up
PTN 5.278221595 0.008310423 Up
TPM1 4.416731705 0.00830411 Up
RAB27A 2.720412802 0.031670154 Up
PDPN 2.148468927 0.048066344 Up

JE A AT OO 2 T DR . AR AR B
%ﬁﬁi[ﬂl%%&%?ﬁ%m’m, Alpha-crystallin FE P fi Bk
) Sl AR B v 26 3 A I A 221 A i (RGCs) 4
%" CRYBA1 (Beta-crystallin A1) 5& fii T
BTV 5 4 A A B €5, 2% 1 B2 (RPE) Y% AR,
Z 5L A R B, RRJEAE RPE b, Hilkge 2
S B v-atp MGV PATA D RER M, S B0A B 14
pH T 25 i 40 5 2 36 W /K F- T+ 85 %Y. CRYBB2
(Beta-crystallin B2) 7EA M Sy 55 10 100 5 11 15 4=
TIREARSG, AR A BLHAE RGCs KAl 224k 588
ik, A RS SRATEE., AR
/~, CRYGB (Gamma-crystallin B) HA 1L 2
PRIE, 4 RGCs RN, CRYGB i F: £ &
BEAR 9 341 1

Xof L 4 8 v~ SR R AR R T 75 S A R 5 2 S
ik FECHE , & M PMEL, PTN, TPM1, RAB27A
T FHa S s R R T Y B T s B, SR
PR o S SO R P A P R A A — S TR A — .
PMEL (Melanocyte Protein PMEL) 7£ 2 & /MARY
AW A R OAE T, RETEAE AR i B il Eh B8
PR FEEE L, B SRR AR TURIEN, B AR

T PR AP R I 5 A 52 S48 405 R A4 1 1 L e 2 e

KHEE. M, PMEL %35 FIHAT5ES SANS H iyl
W RARAERA G, HFRA R H e SECR AR I
220 ppN (Pleiotrophin) 25 M4 A W . £F 441
PR ZEIRAT VLI, B DRI A PoX 5k 7 e 2 R oo 6 i A
g 2357 BFSE W, PTN ARSI (K VEGFR2 I
Tyr1175 AL IBERRL/KF-, VEGFR2 Je: Il N B4R
KW+ (VEGF) i) E 22K 2 —, TEM MBI E &5
R PR AR, AR R TR
AR Sy T REIE AT B JH PTN A8 2 18 171 5 i 0L D] e
ML= 5. TPM1 (Tropomyosin-1) [ 3 EAE 2 4
T 200 i B SR e R, e LA A 4 | AR s 3
12 0 400 L R 1 ok T AR YL A, BES R
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e AT B a4 TPMI 2351755 UL IR i 47
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A B RO L s W K I TPML R A .
RAB27A (Ras-related protein Rab-27 A) £ RPE [
B /MMEZ R VEH, AT DAE i % 8538 18 i)
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5, BEIR RPE /YR B Fs/ > VEGE-A (I N K
FERPRT, TR A AEIR) (9435 Ouchi 221 B
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