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Cryopreservation Study of Living Creatures Based on Feeding Green

Cryoprotectant

Yazhou Li, Wei Rao”, Jing Liu
(Technical Institute of Physics and Chemistry CAS, Beijing, 100080)

Abstract The cryopreservation of living creatures is always the goal of cryobiology. By means of man-made
experimental interventions and methods, the cryogenic domestication and feeding of cryogenic cryoprotectants to
micro-living creatures, which broke through physiological limits of living creatures, enhanced antifreeze capacity, and
will significantly enlighten the studies of long-term low temperature preservation of tissues, organs and more
advanced living creatures. First of all, this paper screened cryoprotectants by differential scanning calorimetry and
determined proline as the cryoprotectant for this experiment. Afterwards, by taking non-cold-resistant small animal
Japanese Camponotus leonardi as the research objects, the influences of freezing time, cooling rate, minimum cooling
temperature and re-warming temperature on the survival rate of ants was explored, so as to put forward reasonable
freezing solutions. Based on this study, the freeze-revival experiment on ants was further carried out via feeding
different concentrations of proline. Finally, combined with thermoanalysis techniques and mass spectrometry, ants’
thermal response to freezing tolerance was studied specifically. In this way, the change law of freezing maters inside
ants and corresponding effect on body water contents after feeding cryoprotectants were clarified. According to the
results, ideal cooling condition and re-warming temperature are conducive to enhancing ants’ freeze-revival rate, and
proline is proved to greatly improve ants’ freezing resistance. This study provides significant technical support and

theoretical basis for long-term cryopreservation of complex living creatures.
Keywords: Cryopreservation, Proline, Differential scanning calorimetry, Mass spectrometry, Thermoanalysis
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ARWENE AR FE IS, % BRI LA 0.5g/L I, 4773 A e ei?t. 2016 4E, Lu Zhang 25 A\
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B HASHI, NTHFE

Wil EER. WEEbE. RERE. F4TFE. DMSO, i dta bl A =it

Tl I PR EC 7 R S R 5 o R A TR A A ) 6 T e TR 1 5 P e«

Pro10: 10mg & fR/1g e Er:  Pro20: 20mg & ER/1g briEik £,
Pro30: 30mg & ER/I1g PR EE;  Pro40: 40mg & MR/1g FrifEIRE .
1.2 REHEREENEE

1. AHRIFRIfE

43 ) SRR 2% v (PBS) Tt 100mg/ml (IFHZ IR JAFBEmE . JREME . 41 0% J DMSO IR A, HUEFPE
i 12mg 7 DSC 200 F3 B! Z /R 43 A BT #r b, DASSOKIEE R Wbr e, MR ORI AT 7 1% -

2B G—HIRTR

NoF T AN [F AR 26 A R UMD ASGEEA T 20 2, B — 2850 34 S A Ay st 21 e o IR AL, o I 2 o s T L e A 4
JE R FERE 7 N AT AR F IR SLES,  Se 2H S i S 75 EEAE I ) S N TR, I BRI S kAT
PRURSEES . BT A B I 1RFR4E 2000 ml FGEpf H, REOR FLMEMRARI T IR o SIS I EY— o B s OSON B RLE 57
L5, PN Advatntage RARTACH, EBEMIRBEERET N7 ARRER L SR, R EET I,
Agilent 34902A i KA R G B R AT LR

SMERSERMAT

43 ) B AR 5 4 M Pro30 AR S I A i A 10 RSO BIF BT A EA T I BE, [RIA B0\ 10mI 251K
DA R AR o KBS J5 VR S PN 15 ml B0 5, FAE SOl BL 1500 rpm ()53 T 25.0 20min, HX
LEERE R 22 pm (1 — M AT I, 15 BB RS 2 B KB A US 1 GCT Premier S A
R /1 F AT I TR S A g AT 2, 4 W PRI MR AR PN T R T AR A

4. RIS T

I3 B MEFRHEIR £« Pro10. Pro20. Pro30 i #&— H, [FWS & € /£ BCS-196 A& & F. FIH
W EFEHEAE Linksys 32X TR S|, BUFEEZE N 2 °C/min. 7E iR RS FIH Therma Vision A40M 7Y
FLIR ZL AN RRAZ AT 35 0 80 ) AT b PR 53R4T R4 o

5. I KB REKKE

B — B e s, R B TR (AB135-S MM -6 H £2) FEHAERICAHLE M; KR
(L ESURN 90 mm YRS IR, BN ELA T4 (DZF-6090 A1), et TR N 80 °C, EH S IEL
TR RIS D, AR R IO T E My, B EE R T ERETREKE, E=4
SKRECFH41E -

HUFAMEE ProO. Prol0. Pro20. Pro30 by &= H, F 7 IRPAERCH R idsk. 0% Rl (i 247 4
£ DSC 200 F3 Z /A s RAGHEAT, R RSB AR N . FTREF 2758 87: (D BL 10 °C/min
I THEE FTHE S 30 °CHRFFE 1 min; (2) LA 20 °C/min [ B3 K FFE 2 20 °CHARFF 1 min; (3) LA 10 °C/min
(1) L 38 R P 22 -5 °CHRPREF L ming (4) LA 1 °C/min [P IR E 2 P43 42 -35 °CIHFAREF 1 min; (5) LA 20 °C/min
FITFHEE R THEZE 20°C;  (6) (EiZILE FARFE 2 min JG7E 40 "CAMRYRERIALE T, SRER. Fra gy
EHIAH S (SCP) AN N R E T B A% . £ Proteus Thermal Analysis #4481 4445+ B % DSC #hk
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TER, AVERIEA RSP RIRIRGRY, HAEE—RIER MR, SERERP TSR, TR
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AT &R ERM-20.9 °C, W 1(B).
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PR, W 101 RRA
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51 S 2R i R X P A VR T 52 2 75 A e R (KR T P R S 1 58 B 2 AN [ i S R VA P82 0 ) 5 Py
AR KO EE SN 5 AN, B O mg/ml (FFEZED . 10 mg/ml (Pro10 41) . 20 mg/ml (Pro20 41) .
30 mg/ml (Pro30 #1) #1140 mg/ml (Pro40 ZH) . 5240 s PR LRI AR oA B FR ARl B R /K, A R B % R ] —
o BERRG— RN I WA AT VA, I T SR E R R b, AN [ R R 1 A A
ITor M, BEEEIRME 2(A) . PTLAVEH, BEERE EK, EAE AR E T IA — SR E A
VIFEMEAR R HBEEREE RN, SRR ARt AE AR W 5, SR AE 40mg/ml IREEZH, 7E5E 9 R4t
THERRT, Frseioimuy 24 At . kT DUE H, B4 FORIAT BIVRAE S50, 00050 e v R 5 18
AL 30mg/ml,  HAAMEREN LA 5-6 KN LR .

2.3 AELRE KA &5 FK 1S

EIEARIE AR AR R, R P /K 23 AR R L R R e SR 2 120, AR R Storey™ 4 AR Z5 IR B R T
AT A OGS R mT DAJIIE , daed P ] PR 6 . BRI P8 VA R I 1) W] LAAT R AR s sh ) VA R i 52 1
PR Z MO AN R IR 26 PR 1, DAS BUR AT Refe mig mOR MG 2R 10 H 1), ARRSZIR WA H R ARIRE . R
TR A ) R SRR TUAN T X W SRR P AT T RGN, R I Ul R 2t 080 3 R R

EAHRARIRE T, LI 0 N 4 4, Bi-1°C (WL | -20 °C. -25 °C2-40 °C4L . K43 U 2H i i
SrHIN 2000 mm BEARH, FEEIRIAEE (£ 25°C) | BIRE T JEMME FHRaE, 1AW 5 K. R IR g e 7E
T AL BT BRI AL EE, FEREFIRE N: (1) M 25°CF&Z 10°C, Il 15 min; (2) £ 10 °C F{£4F 10 min;
(3) BB Z AN FREE (RI-1/-20/-25/-40°C) , FHEF 15 min;  (4) 7EZEE T HRFF 60 min; (5 FHE%E
18 °C, AT 20 min; (6)7E 18 °C N REKF 24 ho 1| FH A e A ARG IR FEZ , Al 1) ) e AL FE 23 ) S-3.42 °C . -21.46 °C.
-27.66 °C [%-42.48 °C. LI G, T Bt sad R, b e AMAKE G A= ik S B AT B R P IEAT)
KA SR CF AR s SABASRE PR ICAT ) AN 341 23 N S A TCAT AT 3G Bh2E R (M s A BT 4%
BER: GRER, -1 °CHl, W HEEEAN 96.39%; -20 °C4l, &ifFH A 50.56%; -25 °C4L, M9iE IG5
IAFIE N 37.5%; -40 °CHL, 1FiGHR N 0, Kl 2 F1(B). (C)7r 5 i S50 1) At ih 28 A sl ) & v 175 40 o
BRI LA SN, fE-1 °CZ-40 °CHRARIREEIEHE N, e IR RS, WU IR 5 1) A7 05 32 A 2 T [ 3
(p<0.01) .

ERFIRTEZ T, Kseiah 3 4, RIPGEA GHRAD | gl &g, 0 iz 445 L
[, PRI TR, FERWIE: BT (3D PHERIREE N-25°C, H 4%y 15 min, 30 min & 60
min. F AR SR FE A ], 28 A3 159 3 — 246 B B BRI R 40 A)A 0.021 °C/min. 0.014 °C/min
0.008 °C/min. SIS # K 1, HE 1 o] LUE H, Yol 4 ) &% Z0h 37.5%; s B TE A 29.44%;
MBIH 20N 9.73%, K 2 (D). (E)7r 5120 S8 1) B ih 28 S i (i S v 1. mT LA, B PRI E
FI3R e, R TERIETE, EAFERTFE L (p>0.05) .

EAHINA T, SEie T4y 420, BI05h, 1h CHIEZ) . 5h 24 h 4., LB 52 AR A
A, EFREFLEASAE, FEAI: BF (3) B RRAREEA-25 °C, HIE N 15 min, HHERF (4
Il fREE 0.5 hy 1hy 5h Jz 24 he FEMEICFARCEIE, BEAE 2(F), AR RZ, LAE 2(G),
ZAH SIS I T L. A5 R R, 0.5h 2, WHIUEIER N 68.89%: 1h 4, HiE% 37.50%: 5h 4, HiEE
N 14.44%; 24h 4, EIEFEN 1.11%. dbHfERr, 76 0.5-24h 1, FEEAERAIK K, B8R IS RANT PRI,
P R (p<0.0D) o FFH MR IAS] 240 J5, JUT-3%A s R 5.

IR, FEATHHSL, EAESR (25°C) FEIEME 18°C NE . WA N 7k IR
I (3) HEEFARIREE N-25°C, HE 156min,  (5) HCATHEZ 18/25°C, FIIF 20min, MK (6)
HMONTE 18/25°C FARHFE 24h. FHR BRI K 2(H). SR ER: =i FIBUETERN 7.22%; 18°C Ny
HIGHN 37.5%. M alsn, A FEENR SRR TEEER, AT 18°CAH TRIEXE .
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R 1 FRERN GBS R

R R R FAEE ey
45| HE TEIER/% F35/%
/°Cemin™ /R /R R
g A W14 120 49 71 40.83
@yt 0.021 H2d 120 44 76 36.67 37.50
4) 34 120 42 78 35.00
H1d 120 30 90 25.00
HiEA 0.014 H2H 120 32 88 26.67 29.44%*
%34 120 44 76 36.67
H1d 120 5 115 4.17
& 0.008 H2H 120 12 108 10.00 9.72
34 120 18 102 15.00

JE: %kl p<o. 01

2.4 PRER IR IR E X0 & TR R A 22

152 BT SEIR O3ERE b, ARSI R A E R E N £F 0.021°C/min FIRFRER TN, KEERIKE-25 °CHf
R¥E1h J5, 7E18C IR 24 h, HRFKMASEERT 1 MHF. FEZER R EE Y 0-30mg/ml, 4371
e 5 K.

NBR BRI MRIREE, ST N4 A, Bl 0mg/ml (KR, Pro0) . 10 mg/ml (Prol0 4H) .
20 mg/ml (Pro20 #H) %% 30 mg/ml (Pro30 4H) , H&F—4H 43T =4 s, FriS st Rk 3(A). &5
FH: Pro0 41, WIFEIEZFE N 37.5% (£0.03) ; Prol0 414 EiEER A 61.94% (+0.04) ; Pro20 41, Hi%
#y55.56% (£0.03) ; Pro30 4, MBI GG ZN 83.89% (£0.06) . RIMMETE Pro0 3124 Prol0,
W SRR T 1.65 5, 1A Prol0 # Pro20, EiHF A TR, BT Pro0 4 4 MIKE
$2F+ R Pro30 i}, IR ER XA T KIE LT, EARHEMELA 2.2 f%. BHEknl WL, 7E 0-30 mg/ml [P T
T P, MR FoRE, A MR IR B, ISR A B E K (p<0.0D) .
2.5 N KABIRERIETE

TESREG I FE R, AR AR SR AE S HS R 2 M OC R, IR IR R 2 75 4 NI Py I 3
PURAE 75 B0 RIS A SO R I B AT, SRR EAINE Pro0 2H & Pro30 ZH B a £ 20
W, MR 5 K. BB K77 OB MR R, BN 10 ml £ 57K, SEOHLA — IS e
JE AR BB A AR 2 B K. 8IS SO IS — SRR (GC-MS) 44T, 3 EAHR RS E (&
() ATAMERT L, B 33 VAR R R R D e BB R R T B AT, TS R A R P
3(B) A, T LAAS 21 ] M T i A A M S 7 5 1) 788 b S S B e S A 75 E M I PR VAR (R AT S 2
TER . SRR, MERTE, SRR IR BRI N 9% nZ 30% A4, A TR, 46 4
H. MAAINE Pro0 FIJ4AME Pro30, M AEIE M 37.50%38 %] 83.89%, i WM AEARIE R AF L FEd, AP il
AR L5 RIS F 2 B IR,
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B3 (A WARFARERERMDNHERESR; B) LRITEENEASFRIERE: (D HEBEBUER NS RILE;
(ii) AW 5 RPro30 5 HE B #8431 E

2.6 $OH &R T FERILI SN AR

H R TR L2 8256 O A3 M2 BRIE N T8RP, JF BAEAR-RIR S0 32T T s G R . B,
N T 0 U b U 5 AN () 2L e A B R R R R R AR AL, R AR A & BCS-196 K 4T Ah AR A
ThermaVision A40M, s 7 P I 72 e R 20 2 A UG GEAT R4 . B ProO. Pro10. Pro20 % Pro30 4111
WA, EEIR T 2°C/min (1 FFIRECRIHTRER, IS EGQE 4 iR, WEG LG, WA E R
P14 S A 3 155 00 A7 2 B 0 2 e o A I 1 AR A o 1) A [ (1 B IR TR 2 E T 5 YA A R 2 R ) ) A o 3533
R, TEZET B f A I LI 5 Bl OB FE (B T, JFL St o S8 A 4 o kA0 1) P A 7 1 it
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st et o stsnaosctransts ot i
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