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Fig. 1 The sequence features and conserved motifs of the CAHS and SAHS proteins in Ramazzottius varieornatus
Bl &Y Ramazzottius varieornatus P JCAHSZ 3% ( a ) FISAHSZEK & ( b ) BE B R R 5 FI4FHE
CAHSHISAHS KA 3T IAAE FH BT oA K LA AFIR ORI 0B (IR F I EE, A B HIZE, . S30R), PIEZR/R IR S i

REFTEAAT S A B2 A BN GRS e 51 VE RO R

2 WRRFEERBER (CAHS)

CAHS & FH R LI PIF TDP 2 —, KA
HTE 200~300 N IR Z [B] . AWK I ik i
Fhim, CAHS & 8 AT UGB AR 1 0 e sz
WA RS . X E CAHS A T RS 4
S rh R R R TR E T E AR Y
TERERE T N T 263K CAHS 25 (it ] AR e 4a i A
KN AZ s BRI N v A C St A
ASNFETCF X3k, i o ) — N ) coil-coil X
WOTIE i — A~ o SR BE (AR 4% Alphafold Tl , [l
2a) . MEANE N di A & XTSI ASAAR (I/VD)
S P, i HAh DR 9 75 5 S B R -
o o MR ERTC P A5 B B 4R, e LEA 2R
A TR PP 8 P R R AR . RS AT
DIHEDN , CAHS 2 FH P i1 09 TC I IX 38 0] D AR B 45
A, A o SR E T AR UK B AR IS AR, TP
IEF AERE B AR S50 (R T ICAE W “AH
YT ) o XFEREEA A R TR K o3 1 R R E
B 1E AR AR TR R A K A

CAHS & H7ES K FE, wl DLt ZFE A
HEF AP TEA LR & 450 0 B N 2 1 B R R S5 A2 )
KaFHRPER . 52, CAHS &AW LIZEN

FRK R R R E AR AR AR, SR T A BT 1 3
Ak (vitrification) i #%. FEMLIFET, 18K
T BRI 00 7K 53 RERH R 3895 i 1 PR 1) 40 L I
AFIXCEH, S AERE R ARG, oA T4
B A SRR B, RINEEART . R
ERITFRET I “VRURERAP” FE— PTG PESSF AR
A, MR BIKE RESAPHR AR . 4Bt
AR IAE R KRS A A BN, eI
it B ol T R A AR R
K7 WP AR B SRS O LA S A LI P 9 268 A
o FEPHTRRE (REFEESERNE) 20 TR,
BEES AT, FEAN R ZR e H AT LAE B3 K vk R
PHER 2 Iz A TS ) CAHS 2R
WA DGR BIERUEN . R, 2530
I AR TR AT DU A AL, X Rh B 8 Ak 2 H
FEM S A5 1 N AR AL BEA A 2 BRI T 1] 1)
SRR OGRS A [l B B2 o
ARG T DA 3 A K S~ R 5 [ A S
Fee, T AR AU S SR K AT R] ] fig e Ak b T
¥, DNTRS P0 8 1 BT 444 o 70 440 i Jo 38 g A ok
Hr, CAHS & H Al Bid 41 S8 R 701 7K
f (water replacement) F11L Gk 1k (preferential
hydration) SRHATHIKOA . KBRS, 78



2023; 50 (5

FFlE: ZFHYRBEEONIMERERLFERRIMEIEN R T8 -895-

ANMI Iz FRIB ) CAHS 8 P A R Y SRk AR
A, BRI A R B R UK 23
5, AT PR BE i K B 445 5 A BEA R 5 T
JeAABR T, FEAR KIS A K KR A
K, VR RHEE F S5 RSR AR OK AT O —
AIKACEARBE TR 37K 73T, IR A 5 )
AE. AE BRI, CAHS AT LABUE —
GpKr T, AR ENHABER R LS Sk i
JZ, i BB AR S PR AR A5
TSR], CAHS H FITEAASN AT TE 5 2

@ (b)

A

Rv-CAHSI1

7
fﬁ %géﬁm
Rv-CAHS3

Rv-SAHS1

AR A R 2 A B YRR L, T T
TR, TR A 388 i1 2 i B 3 SR R RE 7K 1)
B RS A A s, MR T s ihaa
TWAEIE R G WAl N E TR &Y
CAHS #H M, {HHFTEANHE &S AR CAHS 5
Il E D RE LR rT LA E AR . RIR CAHS 2
A T REEA RIS AN PR, BB X R R R
R FURIEAT UK AR Ak, FEEKGE R AR ]
() CAHS & W o] IAEAR R B R FFE A . Xt
H e AR AT B A TR I B ) R

©

¥ o6

Rv-MAHS

Fig.2 Common structure of different types of TDP using the CAHS, SAHS and MAHS in Ramazzottius varieornatus

as examples
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Tardigrade Heat—soluble Proteins: Unique Properties and Biological
Functions in The Survival of Extreme Environment

WANG Ze-Feng™

(Shanghai Institute for Nutrition and Health, Chinese Academy of Sciences, Shanghai 200031, China)

Abstract Tardigrades, also known as water bears, possess an extraordinary ability to survive for extended
periods under harsh conditions like extreme dryness, low temperatures, and low pressure. Under such condition,
tardigrades enter into a state of cryptobiosis, where they undergo dehydration, body shrinkage, and metabolic
halting, enabling them to endure extreme conditions for years. Once the environment improves, the cells or body
in cryptobiosis can rehydrate and recover. Tardigrades owe this ability in part to some unique tardigrade
disordered proteins (TDP), also called heat-soluble proteins, which safeguard their cells during dehydration by
reshaping their structure to fix liquid water during desiccation. However, research on these proteins is still in its
nascent stages, and the thorough mechanistic investigations are lacking. This article provides a concise overview
of these unique proteins found in tardigrades, including their sequence, physicochemical properties, potential
biological functions, and mechanisms. Currently, there are 3 major families of TDPs known as cytosolic-abundant
heat-soluble proteins (CAHS), secretory-abundant heat-soluble proteins (SAHS), and mitochondrial-abundant
heat-soluble proteins (MAHS). A large fraction of these proteins contain are intrinsic disorder regions that are
critical to their function in desiccation tolerance. The CAHS proteins contain a long a-helix and two flanking
intrinsic disordered regions, and play roles in the vitrification process during desiccation. The SAHS proteins
contain a central B-barrel and a helix-turn-helix “cap” motif, and they may form a protective network outside the
cells under extreme environment. The MAHS proteins contain a loosely organized “core” consist of 5 a-helix and
the flanking region of disordered motifs, and their major roles is to protect the mitochondrial during desiccation.
The unique structure and property of these TDPs may help to develop new technology in aiding higher animals to
adapt to extreme environments, such as low temperatures and low oxygen. The ability of human cells to undergo
cryptobiosis and reversible recovery in extreme environments has critical implications in fields like medicine,

space exploration, and interstellar immigration.
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