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Research Progress on the Mechanism of Radiation Tolerance of a Tardigrade

WEI Yirui, LI Lei*, ZHANG Lingqgiang*
(Academy of Military Medical Sciences, Academy of Military Sciences, Beijing 102206, China)

Abstract Space radiation damage is a critical medical issue that constrains human deep-space exploration
and long-term on-orbit residence. In various nuclear-related work environments, ultra-high radiation poses a severe
hazard to human, and a substantial threat to personnel health and safety. Tardigrades, as unique multicellular organ-
isms, have attracted considerable attention in biological research for their exceptional stress resistance. This review fo-
cuses on the radiation tolerance characteristics of tardigrades, detailing the latest progress in the research on the ultra-
high radiation tolerance mechanism of tardigrades, as well as its significance and potential application value in fields
such as biomedicine and radiation protection.
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Fig.1 Micrograph of Hypsibius henanensis
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Fig.2 The classification of differentially expressed genes in Hypsibius henanensis after radiation

TET R e A2 BE U 45 14 701N m bS5 ) 3
DA o R FH B S e R B 43 1 B 200 Gy 2 000 Gy
{10551 FE SV e v AR RE IR, AT R SR R s
FOrHT, RAF T2 80142 KA HE A (differentially
expressed genes, DEGs), J£ M\ 7 T3 A WG H N
=K KL LA (horizontal transfer genes, HTG)+
7K A& HURE R 24 A (tardigrade-specific genes, TSG). 3F
7K A& RS 5 L [K] (non-tardigrade-specific genes, NTSG)
(B2)o BB X =ZRFERINTF, TRk 158
ST 32 QBRI R, FEXTHIF & 7 hReANLEIT %, 48
71 1 TR e A R HR 52 i A A Y G A

4 IKFEEFBREFEDODAIEIL & KIS E
R Tk BEH i8R i ST =2 1

JKV-J K| ¥ # (horizontal gene transfer, HGT)=f
FRAE R AE P AR DGR IR B J) 22—, BRI A 52 4
VIRhIRASHT I AL P, 481 P AR 3 R AR A, AR
W3 SR it P SR B A — FURR () AR 1O, AR TATBA
% 5w T R A R A I HG TSR E 3RS L R
4590, HoArm T {5 BRI A 754, HTG i R 0.5%
F13.1%.

I e IR S RNARI R [ R IE K284k, BT
FLIABA R IAE HTG H 48 B8 e B B (1002 2 B 4,5-
WUAN4EEE (DOPA 4,5-dioxygenase)ik K (DODAT), I
H R B i A2 BE AFAE 54 DODA. £t KGR
oM, RILDODAI~DODA4KIE T 15 915 ] 40
. DODARZ AR G U R 1 B EE , B
Fig 22 3 B R R PR A B A 2 E B L-2 12 T L- 22 B AE
DODA AL T &t — FR A s B 4628 il S L 36
(BI3A). 2 —REYER, AT R
FEETATHEY . PEMEMERST, | 255

TP L AR 31 Bl R WL ARAE . AR B 7 T A
WIS SRR SE R B M, UERA T R AR
AE M DODA/EARSI A L-2 UMY, M= AR i
WE. #—, % DODALKEE A AT T HAE,
X LSRR g S A S AT T R SGAIE , 7R AR AMIE
527 DODA1Z % B 4,5- U4, nl ik & Rl =%
gk, 0, W HIBAE N HeLadti il 31K 77
A 1 A2 AE U DODA, BRI 7E W L Bh P2 g o 2 1
B0 R A B % (HeLagi i A7 76 B 2 IR F2 1L ),
TEARNIESE T DODALE 2 B 4,5-XUI4A B, AT 4L
AR R, HAE AHeLadl i th %A DODAI1fE
R T HeLadll i (1 48 5 g

FHL 25 4 S O B B RN A B 5 U AR A 2 AL
N7, BT 2GR0 B AR A B E T AR KA T (W
DNA. RNA. HEAFE), E&RAEY KD T4
REMBEIR, M R T E R ERT 5SRNSH
R EAR S TAHEAER, AR E HEE SR, 1E
P ST 20 0 R 5 R RN Sh e BT . AR
SRS SR AR , F 60%~70% 2 i i 1 483 K
fryus-tel, R FLR B, BRI R — IR R
LA, BT DUA ROH FR S M U720, 4 i s 56
45 R, HeLaZfl g A S5 Y5 25 M &l S 8 22 6 i Id B
AR T 7 R T P SR R R A S A

BE 5, R S e AR [ % e S
(MRM-MS)F il B F 2 1% 43 47, IE SR 1 e A fiE
HARNAAAER R R, TEZBIAR IR S , AT e A R
RAAR RS E R SE M, BamEESE. R
Tt 0 DODAITE ] B i A fE HUh 2 75 R A%
AR ER, B TR S 57 7 5 T REE
RNAT# (siRNA) RIS . #fk DODALJS , I F = A
AE HAA SRt 3R B BB, JF FLAR IR S T rg = AR



2012

- AU - A -

(A) Hypsibius henanensis

L-Tyrosine

+ Tyrosine hydroxylase
(TH)
L-DOPA

¥ DODA

Betalamic acid

\

Betalains

©

(B) Homo sapiens

L-Tyrosine

+ Tyrosine hydroxylase
(TH)
L-DOPA - Melanin

\

Dopamine =% Melanin

\

Noradrenaline/epinephrine

Horizontal transfer genes

HGT DNA

0 e Y 41V
HO,
oH
NH,
HO

L-DOPA
¥ DODAT

H
HO. OH
(o]

—_—- % Radiation

Betalains

HOI H OH
\

Radical scavenging

AR A AR -2 A R A . B AL-2 AR AT, C: TP A2 B Ul IEICERT 17K P e A2 3L K DODA 1 G S B 3RS Bk E t 3k

FERR I ORI R0

A: the L-DOPA metabolic pathway in Hypsibius henanensis. B: the L-DOPA metabolic pathway in Homo sapiens. C: Hypsibius henanensis synthesizes

betalains to scavenge ROS in response to radiation protection effects through the horizontal transfer gene DODA from Bdellovibrionota.
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Fig.3 Comparison of L-DOPA metabolic pathways between Hypsibius henanensis and Homo sapiens (modified from reference [9])
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Fig.4 Tardigrade-specific protein TRID1 mediates liquid-liquid phase separation to improve the efficiency
of DNA double-strand breaks damage repair in response to radiation (modified from reference [9])
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Fig.5 The non-tardigrade-specific proteins BCS1 and NDUFBS enhance the regeneration of NAD*

in response to radiation (modified from reference [9])
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