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#1-1 HTF 55sHA% pH: 74
SR A= S mg/100 ml
(AbLv7)
NaCl [Wako] #191-01665 581.7
KCl[Wako] #163-03545 350
KH:PO4[Wako] #169-04245 5.0
MgSOs * 7TH20 [nacalai tesque] #21003-75 5.0
NaHCO;[Wako] #191-01305 210.0
Phenol Red sodium salt [SIGMA-ALDRICH]  #P4758-5G T
(= —Y—X)
D(+)-Glucose [Wako] #049-31165 50.0
Pyruvic Acid Sodium Salt [Wako] #594-10442 36
Sodium DI -lactate, Synthetic [SIGMA]  #L.7900-100ML 400 puL
Penicillin G Potassium Salt [Wako] #194536 10.0
Hypotaurine [SIGMA] #H1348-1G 11.0
Albumin, Bovine Serum, Fraction V, Crystalline [Millipore] #12657-5GM 300.0
CaCl * 2H,O [Wako]  #031-00435 300
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#1-2 Tris-EGTA B7HHHAK

I #haarE

50 mM EGTA &% [SIGMA] #E3889-25G
100 mM Tris-HCl 5% [Wako] #312-90061
Trehalose * 2H,O [Wako] #206-18455
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#¢1-3  Hepes-CZB HiHiHAK pH: 74
K mg/100 mL
NaCl [Wako] #191-01665 476.0
KCl[Wako] #163-03545 36.0
KHoPOs [Wako]  #169-04245 16.0
MgSOs * 7TH20 [nacalai tesque] #21003-75 29.0
NaHCO;[Wako] #191-01305 4.0
EDTA - 2Na[Wako] #343-01861 4.0

Phenol Red sodium salt [SIGMA]  #P4758-5G I
HEPES sodium salt [SIGMA]  #H8651-100G 520.0
D(+)-Glucose [Wako] #049-31165 100.0
Pyruvic Acid Sodium Salt [Wako] #594-10442 3.0
Sodium DI -lactate, Synthetic [SIGMA]  #L.7900-100ML 0.53mL
Penicillin G Potassium Salt [Wako] #194536 50
L-Glutamine [SIGMA] #G8540-100G 150
Streptomycin [ICN Biomedicals Ins.]  #194541 7.0

CaCl * 2H,O [Wako]  #031-00435 30.0

PVA [SIGMA] #P8136-250G 10.0
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#1-4 CZB AR pH: 7.4

K mg/100 mL
(AbLv7)
NaCl [Wako] #191-01665 476.0
KCl[Wako] #163-03545 36.0
KHoPOs[Wako] #169-04245 16.0
MgSOs * 7TH20 [nacalai tesque] #21003-75 29.0
NaHCO;[Wako] #191-01305 211.0
EDTA - 2Na[Wako] #343-01861 4.0
Phenol Red sodium salt [SIGMA]  #P4758-5G I
(= —Y—X)
D(+)-Glucose [Wako] #049-31165 100.0
Pyruvic Acid Sodium Salt [Wako] #594-10442 30
Sodium DI -lactate, Synthetic [SIGMA]  #L.7900-100ML 0.53mL
L-Glutamine [SIGMA] #G8540-100G 150
Penicillin G Potassium Salt [Wako] #194536 50
Streptomycin [ICN Biomedicals Ins.]  #194541 7.0
Albumin, Bovine Serum, Fraction V, Crystalline [Millipore] #12657-5GM Smg/mL
CaCl * 2H,O [Wako]  #031-00435 25.0
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U7z, K& FRREIRD /3%, TR T, #iRzEs22 V2 1 0D & . FDU-2200 (5
HeEs (EYELA t1) 12X % 6 RHEDBEZSRAIER AT T 7206, HANN—F—%flioTHT AT 7L
(% BZER P CAET A Z LICEVEAL: (M 1-1ae) o
124 SRR T O E

BCOT T IIIFEBRAET D E T, ISR TTAF v 7O LE-T30°CTL H, b LIFERT
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(a) VRAERZEEE  (FDU-2200, HURPRRREAR) o (b) HUHERZEEE) OOV 2 LT 2 — 7 DS TR TR
EHENUIEH T AT T NVEROAT 5, (o) BN IRIAESEZ VT 1 fiT-o7 () BZE LT
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) (X 1-2¢) | Kol AdmBERREME- N QD 2 ey TATBI  K1-2d) , 7
AFWREDH T AT TN CRIFSVIAETAIE, & — MRICEESE LB 2 3 T A
TEL LTHHELTBY S LA, FBRIITT N TT RGO N T AT o 7 IIRODI% -,
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1-2 TAZaAANN =TT 4TI X =L DEZET T VORI

(a) BROWME NXT—ELZ N 1T “3” 2RV, b)) FAT2—T %G5 bDIIH T AT TV
72 LIAUTYEC, BEBHE O m DA S D KAEZ TS T2, (o) 7 7 MWNIZZER DA TN D
ETUTNVNITNES R, (D) T T VNPEZSREE ChHIULT T VNI D,
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126 IFF-OHE

BRI ICR A A= (2, IEB MG V2 (PMSG) % 751U, 48 RfEfRiCE b
MEMETF R ey (WCG) % 7.5 TU ZEHEAES L, @HINZ SR S 72, hCG M5 14-16
R I~ U A BIFE AL, IVEIHZ Bty N TR TIRFINEEERE IR H LT,
b7 vn =X —EENNZ - Hepes-CZB ErHUZINF-ON A RZR L, IR0 BIN Aila 4 #1728 L7z,
BYEII 713 CZB Bt CHRIe~ 7= h . 55T ¢ v > 2N CZB B L7,

1227 SR L OV

WOREHZIRRE 113, 50 uL DZEE/KZ MK UIRE 72 B ICBIARIET ¢ » > 2D PVP Fr v 72 12 ul
Mz ety h T PERE, BBy~ 7 n~v=tt 2 L—X—%H, kol
B> T2 123 R T2 A CEML LIFF~NEA LD 6 A LTEIR 73 CZB H5#t ¢ 37°C,
5%CO, THF# L7z, BdREN D 6 RiH&ATE 2 el Lo, MEREMAT 28153 C& 1M a2 IE R 72528
W& Zr 72 Ly 2 MR COIRERSE £ 7o | IR & C oD 4 A DORAEBEITINN T,

IR, BRSO3 B2 2 MIfIiR A . BHEDRT B IR E R~ U A & ARl S/ CHER D R S
AT ABIERE~ 7 ZADIFEIZ, 1IME S0 10 EFRED 2 Al A B L7z, BAEf% 18.5 H T
FEEPAEAT, 15 DN EFORRER, PEMFRODOMER N OENF L IR D EEDOIEZT -7,

12-8 y-H2Ax Yutt

H2Ax 1T, b 2 b H2A OEEEFTAH6T, H2Ax DV U FRbAVE U7 fEFT4 y-H2A x & Y, DNA
CARBHEI OBRBHER~— 1 — & UGl O | BRx 2B LOWIREIT = v R A o R
VR EIFNAT 1B y-H2AX 27TV, BEPERTEZICHIT D DNA AU O~— 0 —& LT
MWz, E72. B A b2 H3KIme2 ¥ 7 I Ui, MEPERTRZ OB D720 Lz, SR~ 5 10
NP I8 S MERFERITRTRS 2 TR L 7R IIR 22 | 0.2% TritonX 23589 4%/3 7 /L LT VT B RT20
SFEE L, —Brs b L, BH, 7 r k7 Ny 77 —T 1 IRFUEZE 500 [EA7R L7k
iz, BEEMEZ —BRIE Lz, 1 RHUAIZIE anti-phospho-H2AX (Ser139) rabbit polyclonal antibody

(Millipore-Merck, 7 % 7 745 : 07-164) 35 J2 ) anti-histone H3 (dimethyl K9) mouse monoclonal antibody

(Abcam, 77 % v 775 : mAbcam 1220) %441 500 (5A RO L7z, 2 RITARITIE, Alexa Fluor
488 goat anti-mouse IgG  (Molecular Probes, 77 % &1 7% : A-11001) TN Alexa Fluor 568 goat anti-rabbit
IgG (Molecular Probes, 1 4 & 735 : A-11031) %\ 7=, DNA (3 2 ug/ mL @ DAPI (Molecular Probes,
B 5 7 & DI306) THE LT,

1229 uatst

FARKOVEFRITI A “FRoElc LI L, p B2 0.01 RmODEGE, HEHNCHRERED RO Hivs

Z LITEDT,
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1-3 i
1-3-1  HRERIREL OFE T O3 AR

hosa—2R (X1-3a) ZRINL CHAERIGE LI AT 27 UNORS TIREIRORR 2B L= L 2
7., BRI O UEMEE P SHER S (K1-3b) . ML a—XOFEEI LD, HkiED
KO I D=7z (R1-3c¢,d)

FI RSO X A — AL L DG T~ DR E T DT2, 1% (30°CT 1 HIR(T) OBiSE
Hls -7 A CHBSE RS 217572 0.1 M., 05M kL —RRNIKICEH T, IR OB R L HIC
UGEHERA L DN, AR T e -7z (WIS 0.1 M, 05M kL —2IRIIX 47-57%vs. kL
N ZIERINX 46%, FEFE:0.1M, 05M kL —RINIX 33-43% vs. |~ L~ —RBEAANX 25%)

(#1-5. 1-6) ,
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1-3 Floo—RZUNIN L CYERL L 7= etk -

(a) ARFIBRITHH L7z b e — 2 KR OREER A7, il 0 B L7 ¢ L ARkttt

https://labchem-wako fusjifilm.com/jp/product/detail WO1W0120-1845html, (b) 7£:0M kL m—2R 45:05M
b LNm— 2 & RN U COGERZIGER U TAS TR OER T (©)OM hLsxm—Z  (d)0SM FLsma—2
ZARIN U CVERY U 7Okt zels 7% DRESHZEEER: (30°CT 1 BIRELTZRR) (ST AT 7 /UiliEEl-
THVK L, B LIEET, EHLOOXICH LolE & R T-08EE BN T3 R 65,
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F1-5 GERSFRERD (I RN LTZ) R 2 VTSR s B4R

Rom—z ek BAT—D~DIRFEASL

_— SOFEINER (%)

e IR VU %) ASKAE %)  EEM o6 WEENDY (%)
oM 44 41(93) 35(85) 31(76) 2(54) 19 (46)
0.1M 43 42(98) 37(88) 34(81) 30(71) 24(57)
05M 48 43 (90) 36 (84) 30 (70) 26 (60) 20(47)
20M 36 36 (100) 36 (100) 28(78) 25 (69) 25 (69)

SHRIL, PRI S 5D EIE 22T
BAT =V ~DIRFEART, SHEIM A R L TR L,
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K1-6 HHRGHIREEO (1 RGO K2 TSRS IRORE R

" “;%f};x E;; SHEM 00 2R O6) (I/Vﬁé@ﬁfﬁ)l&%&) PEFHK %)
oM 79 73 (92) 56 (77) 56 (4) 14(25)
0.1M 70 64 (91) 56 (88) 56 (4) 24(483)
0.5M 64 61 (95) 51(83) 51(4) 17(33)
20M 65 63 (97) 58(92) 58(4) 14 (24)

RERT, S T SR OB S & 3T
2 MR~ O AR, B R L TR LT,
PEFRIE, B ORI 2 R OE S 23T,
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132 1IEMSEIRCHRAT U7 SRR T 0% AR

WRIZ, BRGAFTORE T 5 b Lmm— 2GR ERRES 2720, 1 R CIHRA LT
K12 AW CHEERRE 21TV, MBI N OVE RO EA T TohERE, AR S O~ 7208, IR
MR FERITE BIZ0SM B L —RIRIKIZEY TRV MBI A ST (IR : 53% vs. 36-43%.
PEFE : 35%vs. 15-17%)  (#1-7, 1-8) ,
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F1-7 1 AR O L7 RSS2 O - BRS843R

FLom—2 fiEk B AT — DTS

- Sk SHEIMEL (%) ) ) )
DALY (%) ASHUNEN (%)  FI (%) MK (%)
oM 47 46 (98) 43 (93) 33(72) 28(61) 19(41)
01M 36 35(97) 32(91) 23 (66) 23 (66) 15 (43)
05M 52 49 (94) 43(88) 39(80) 36(73) 26(53)
20M 41 36(88) 29(81) 22(61) 20(56) 13 (36)

SHRIL, PRI T D3OG 22T
BAT =V ~DIRFEART, SHEIM A R L TR L,
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F$1-8 1 MR ORI L7 RSS2 V- BRSSO RE 2R

" V;_\;X UM RV 06 2 AR (% (I/‘\/ffiil%&@ oy RO
oM 35 35 (100) 27(77) 27(3) 4(15)
01M 35 35 (100) 35(100) 353) 6(17)
05M 46 46 (100) 40(87) 40(3) 14(35)
20M 63 61(97) 50 (82) 34(4) 5(15)

RERT, SR T SR OB S A 3T
2 MR~ O AR, B R s L CHE LT,
PEFRIE, B ORI 2 R OE S 3T,
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133 1 » H RIS CERAT L 7o SRSz T 03B

FONT, b L — R AR S CVER L 7o e T2 IR C 1 7 ARRE LT=Db, 132 LRk
FEREAToT-, 01 MBLU0S M R e —RARINKORE R, b Lse— 2RISR AR
UL (63%K1N56%vs.29%) (FE1-9, K 1-4ad) . EFEREBFERRI, 0.5M ~xma—REUVIT
5 ERBEOBREIME DI 7% vs. 1727%)  (FE1-10, K 1-4e) , 7223, 20M hLrm—R%ER
N2 &SRR, PETRE BICAEIHK N 2B, LLEORES G, EIRS=IRF R
VT DESERENE TR D b L e — 2O L 05M & LT, LUk 3R T -7
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F1-9 1 7 ARG U7 SRS 72 O - BRS843R

AT —U~DIRSE S
o=z ik O

SABIEL (%)

R I 2 o E&T}iﬁ”ﬂﬁ FHH (%) PN (%)
oM 57 55(96) 45(82) 30(55) 23 42) 16 29)"
0.1M 46 40(87) 35(88) 30(75) 26(65) 25(63)
05M 9% 90 (94) 76 (84) 61(68) 61 (69) 50 (56)
20M 40 37(93) 29(78) 25(68) 20(54) 14(38)

RERIT, S T SR OB S & 3K T
BAT—U~DOPEARIL, SIS R U TR LTS,
IR Z OV T, B D TR0 M RIS LB BN HH Z & 273 (P<001),
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F£1-10 1 AMEERT USRS 72 - B o sEF=R

" V;_\;X E;; THIWE % 2 HINIIE (% (Wffﬁfﬁfaﬁ yy PR
oM 91 88 (97) 69 (78) 60(5) 13(22)
0.1M 56 5191) 45 (88) 44(4) 12(27)
0.5M 41 38(93) 33(87) 23) 15 (47)
20M 4 58(91) 52(90) 46(5) 8(17)

RTINS R OB S & 3T
2 MO AR, B R e L TR LT,
PEFRIE, B ORI 2 R OE S & T,
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1-4 =RRF U7 1 DA% DI & sErT
@0M. B)01M, (©05M, (d)20M D b NT—RZHHLT 1 »# H =R CIRAT L7kt 74

ESTHELNIEEE, 27— 3— 100 um, ()0.SM L mB—XERILT1 » AMERRTE L
RGOS T2 BE T L, 50072 PE T
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134 250~ 7 ADHFERE 1255 b Lo — 2O R

HHERIEERE 72T 3 7 HRRFELT-OD, BTG X D 1§ DAVIIRDRE 7% 71~<72, ICR FRHtlZ
BT, 05M kL —Z2DENIN L DPEFEROUGEHA T HIVRD T (0M:18% vs. 05 M:18%) (31
-11) o L L. BDFL & C3H/He AHOMRHIGE - Cld, 05 M ke —2 AN L7=54a12,
BRI DTN, PEERICUGEED 3 DTz (0 M:14% vs. 0.5 M:32%%2 T80 M:11% vs. 0.5 M:26%,
ZIVEIUBDF1 SR N C3HM e #i#t) o« ZOMHANE, MDITASREHD~ T AN T2 i T35 G 2
53, 05 M R —RZUNINLT5E, FEFRIZBON AT 26%, 129/Sv A T28% THY ., Wit
DFFUZINT S b Lo —2ZBERIIXDOPE TR 8% KT 6%) (T LAEICSEE L. (K1-5) .
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R1-11 3 5 RIS CHAF LICBRIHURIG 14 PV s oRE 73

26 Rom—a SR 2 AR \ %ﬁﬂ@& ) Feéf?i;i
(%) (%) (LI BTy b (%)
R - 87 81(93) 67(83) 67(6) 12(18)
+ 79 70(89) 57(81) 57(6) 10(18)
- 52 37(71) 22(59) 20) 3(14)
BDFI
+ ) 34(81) 25 (74) 2503) 8(32)
o - 122 108 (89) 72(67) 72(7) 6 (8)"
+ 125 119(95) 91(76) 91(7) 24.26)°
i - 117 108 (92) 88 (81) 87 (6) 10(11)
+ 13 100 (88) 81 (81) 81(6) 21(26)
. - 79 67(85) 51(70) 51(4) 3 (6)°
+ 93 87 (94) 68 (78) 68 (4) 19 (28)°

RERT, SR T SR OB S & 3T
2 MR~ OSSR, B R e L TR LT,

PEFFERIT, B O3 D BEF DRI G 23T

O BERICOWNT, B A IR T L \TE BN D T L AT (P<0.01).,
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35

W Rzl *
30 RN ZAY )
25

20
15
10

PEFR (%)

S

ICR BDFlI B6N C3H 129
< 7 AR

1-5 ZRMEOURERIGNE T 2 WG LT-Rope( 1R

BRI T R TIRBIRIC N L e — 2202, B LUX0SM O b b —2Z RN L TR
TLI/ER LT, SIRT3 7 AR LT-O BEERG TR L, 1501072 2 Mtz D VE R L 7=,

* ORI LIS, ML —AIRIIX, BRI ORI B3 05 Z & %9 (P<0.01),
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1-3-5 BRAERZMEAGE 7 DNA (ZxT 5 b Losm — 2 OMRGER R

kLo —ZADEINC L 0 PEFER)D G U T-HIFI SOV C LRSS 10D DNA # A — % {5 72012,
BON SAHEOBHERAGERE 2D\ CHESEABIROREERTRA 368 LT y-H2A X Zofeaoeiiss Lz (X 1-6
ab) . 0.5M N E—ZAPHFEHARIERZED S DODHX A— ) BIE T DNA ST D503 > 7-00)»
EARRDToOIVEER (1 BIRMELTD) OUFSHRER 7 & . SIREWIRGFHORS 7 DNA ORENR) &
STEDDETRDTDOIT 3 2 H IR CORAE U TSRS T2 E Ve T2,

VR OBERERGRE 1. & L<UX 3 » FA MR LI BRSS9 BAS HAVREER T Z3U T
WP y-H2AX OFERARER LT, 05 M b b —ZZ2FIN LT BRI L & 33%5 7 DNA 0
BRI BE = o7 (K1-6¢,d) » LIRS T, P —R (RS EIERD X A—Uh 5 1
FRRACL DX A= 0, FET DNA ZRaET o 137270 -7,
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H3K9me?2

C TERES

4 4

:'B‘i‘ 3 _ l}%:zp( 3 .

S ¥ . = : ..

ﬁ g 2 - Tage® @ E 2 _::L i

=2 % —ra— ﬁ S I I

H =< =% e S b

G0l — gl = i
LNk E7F N AN SR AN

L HY L HY

1-6 BEMRATED y-H2A X YetalZ 1 % DNA 5O/

@) FLAE—RZEEIETIC, B L<IL (0)0.5M D b Lo —AZEIN L CHifE iR U7 1450
Ts2HS LTI y-H2A X Yeto AT 7=, g%, DAPL TYOT-MEEDRTEE (ZeE) | kOt T H3K9me2
DRBEMER LT (5 L) | REEDUC T y-H2AX OFHREZBER UZERE ET) . KO3
EOYT-ER (B T) 2 EIUrd, Pb:Polarbody, (c) fERER% (1 BIR() &(d)3 » ARG LI
AR T HROMERIZOME 27 2 » b Lo, FIOAIZOM hLbra—2 X, TUAOML05M ko
10— A X ORI O 2 T THURT,
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1-4 552

kL — 2 DORFETZRRENFIIILL T O 2 HAB 2 7o, 1 DI%, HAERERERIRH RS IR E D
AN CHRAET DK L > TR T ORI MY S° DNA IR SSHERRERZ DL DIZ L DX A—
VI INLORETH D, b I 120F, |lRAFP. T AT TN ITER > T2 221K &
D, BAEA B VAR EDBRIFIC L D H A= 44685 T 5 RETIE, blo—AZPINLEZ
Tris-EGTA 55t F Ok - OBSRRIGNERAA T72 o 7, TTRMHFERROPI IS 2R L CLE 9, A&
IZBWT, B PIE b L —RE IR0 U TRl A U CHEN T, & L i e % OpE
FROUEIA DR T2728, N bosg — RT3 12 SRR O b O DIRET 2@ X 1%
W EPRENE (R1-5, 1-6) . ZAUTxFL, b Lom—RITIIERCRAE LTRSS 70
FEREUGET DN DD Z LGN E otz (F1-7, 1-8, 1-9, 1-10) ,

2018 AEDSATIIFEE, 1 AFELL FERIR CORAFE LT BRREHEENE T DPEF 4150 Z LITEI L, 7 77U
7T D2 R T RIR AR O T OB A K TS QU 7 7 WNOEBEZSIRRE A HERF 5 =
& DSHFEHARERS T ORIBMAACEE CHD Z e 2 HE LT, Lo Uenin, FEREIC L - CaEZET
HDHEHE LT TN Tho THETDOT VUV BEDZEENE TN TERY  BIEOH I~
JUNINBSERITZEK5 AT RS Z SIFHE LYy, AEIZRO ORI, BiEEA1To7-0b, i@l L CEiA
HTF 5156 b Lo —ARICER L, 2O FEF 30 NI ERES Tk, 7o VRO L., b
ANA—RAIGTEDPIRENZD, N m—R3HE FHENIZIIA S TR D32, ORI Ok
THIHEE S SHREEN~AD Z LI TERNS, ZO720, AT T R o —A RGO O IT(FHE
FTHETOREETH TR EN Y, LU R Lm—I, & o237 O b2 AT DX 58
HEN TS B3 R LoNg—ZDENINTT > 7N~ T- D BOZERIC L DR 05 (%
605 230 DENE) ZPS< D Z TR E R UTIZO T kB2 5,

Fio. WG TORRMMAZLT 2 S a—2ADFEREIL 05 M TH Y, @RED hLsxe—2
ZANIN U T RS RS T OB DB EOPE RIHR T D b (E1-5, 1-6, 1-
7. 1-8, 1-9, 1-10) , ZO#HE LT, HHRHIEUPHED b Lo — 2Ok W34S 06 LZEE
(e A= % 5.2 CQUTRTREMENNE 2 HiLD, RIRED N Lm—2 2 HWGE i LD 47 A—
AIDIRD, Fnm =272 DN ARENR b7 — 5T, RO e —2EIRINL
THAE, R L 0 bR UIC X D e 8 A — D OREE ST\ D TR s 05 LI EooE]
M35, 05 M 38 b El SENREZS DD Rl Ch 7o LB 2 5, BRI L o8I T &
kLo — R PRFEX OFE T-OIFZREI GEN NI LIV - 12720, B TR E O BIEIC > T h o
2—2ZDEAN, BLOSERALND, FETFORBEELOFEES, ML m—Z0E AL ED L S ITfF
TELTUWZODEIA BN TE B AREMD B 5,

FETO N g —2WEFECONTIE, R L m—R TR T X 0 RERIRIE L Co D4
ZERR, K AR G2 DUk 1 O 12 R L — R BN LT DIEHESIUERAA T 5 HEA 1T
U, AENIC b b —RZ R IAE 5 1E P8I 2405145 2 & C, M FHIIEWNINCO R Lo
—ADEE DEFNERROND EEZ D,

GRS T3NS T- DNA (2 A —D3Ao TUND T80 SRR D PEA TR TBieeks 7% U -3 &
Fol LT L <AET9% 8, Kusakabe | 3457 DNA D& A —3, BHEEQER721 T < . BT
DOFYEA P L A7 EIZ LS THEINT 5 2 E2HE L QA N, AREORRL Y . Moe—XIEERGT
U 7= DRGNS T ORERREUGET D 2 Vo Ted, FOEHEFR L7720, 134 OFREROZ)
CHRATPEFROUGERNRD MG DTz BON SHEOBRERINS 72 FV, K- DNA OBEPRA T, Hikh
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HEIBEALI RS 7 DNA OBREERAZFIISER, M Lm—2ZIRINL THHE - DNA OGRS
TR DST=, ZORERIE 13-1 128U T B Lo — R 2N U CHsEa R U 7- B 1% OFE(R 2 UGEN
RO TAERA ST LT D, 134 T3 4 AR/ E L7 BON SO Btz S OBt
ROFEIE b L —ZADIRIIZ L > CHEIZEGEE L T2 b2y 53, K1 DNA OBEFRICITE
bsiginote (M1-6) o FAIFIATIIFEUTIDNT, b boe— R 3G 7O iR 2 18585
ZLEMELTWD R LERST, Fnm—RAOREFROSEZNEOVER AL, K57 DNA LSO
THY, b m—RZ LD ERRAEEOEFEROBESNS T T ORI Ny E 72 SO Lo
THELNIZO TN EEZD,

AEED N Lm— R L DPEPEROUGENRI TSR~ U ARG %2 WG EITEERA G Hive. (11-
5, £1-11) , IBSROAFENRUIASMEE T . 2R L HlT 2 L FERIHRNZ LAV BT
WD R0 UL, MRS E £5 DNA ORERIAMNCIGEm T D550, AR A E Dt
PR, BIZITHRTEDOENTERT 5 L Z X2 bivd, —H. 3 ADERRFEELDEZEA~D F Lg—2R
DFROBFRZIL 5 /A VTR, 2095 b Loa—RIC X DEFROSEE N LD, 1 47
HO=RGAAZINT b L —RZ K DPEEROUED B ICR Rtz fr< .BDF1 GHER) (. BON,
C3H/MHe, 129/8v GIFASHR) D AFRKEThoTz, THHOFEFIT, ~ U AT, DNA OFFEH
HENRAERA~OIHIME I R CZEARL IS, DNA LISMOSEASORINEL, HIHaPY NS B ORSEI I~ o A%
B DY . b L~ —2R (31 DNA DISAOMOR- Ceoiias) 2 SRR Lo
H. FET- DNA OEERIZIIZED 20 ) SRRSO EE R DUGES A SRR CAE 7= DTl s
EEZ D, BRI, FIZIE BON St D7 SHIais FE 255 < BEMGEA DB E~DMHE 355 2 & A
FX MW RO IR & AR 98V Y & B X TE, BT K DM Bk
~OFGT-OIMMHEDIE L DNA K0 S AT NS E 72 EOMMPEOE NN LD DO TH Y ¥ b
FETOMETRRFD, LT 7 BHEHIR Y BON SRAEORS OB, HE 2R
DFT L, D5 MmB—RIHETPRICBAD LR . N m— RO MO b
AFERTL RSO TI R I EEZ BND, LIRS T ha—R L, 7 n—X Nan =—5gHiff
DFETE D B, K 0GHVHE T &R DITBSROEHIRIZEIRGAT U7t - OMIE 5k LSO, V- &
B2 HID, T2, AFEAIREORI NS EA~DRHHD R & S HAHERD BDF1 AFEORE - CH L —
AT R DEEHROUGEHEMDMS HIED, ICR FHEORs -2 HWSZAEITIE, 1 7 ARFORERTIE L
MNE—AZ LS TEFERDPYGE LIS bbb 6T, 3 7 ABOERRGFHEIC b Le—R(C L HUENE
1AL Teotz, £io, Mm—2RZIRMU0 724854, ICR SAROBHERZIERS T OREFE13 5 %
¥ b TRbEL oot ZHOEHIL, BT & ATERI RO R T OVERU 265
PR, b LE—RET U8 & DA & O D L 5 72 b DD ST To O TIF R I E B 2 D,

Fio, AFFETHLINE N L m—R(C KD ROBENSR JEROMEFF A~ T b DO TH DO bR
AETRETHD, DI b Lm—ALSORIE 2 Al R & L GRT 2 LT ABTE T
DN TE D T, DRI - X 2 B L MEFE=EORIRIDREDF I D723 57
H LRV,
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Ho
KT AT v T Mz T S — MROUGETEIRR T (R 2 kot

2-1 [

YUREIILD, Ty MNLRZ— UYF U b b BVY U URE HRaRERED
F 1 COHGERZIRRBAT OBIR DD SV TN D B98N T 2T 7 Wi I ERDFIEDS R < FIH
ENTWD, Zhiud, HT7AR-196CRFmBEZEDMIC B2 5 2 LN TE, F IS 7-I2R
53, HEAEEICBIT L VA 0V v AR EORMIRMAC ORISR TWD K912, BRIEIRFEE WD
FIZBWTH T AUMERERDR H D72 TH 5,

2018 FEDF A& DIATHIIE ) TIX, T AT aA NI —I T 4T 7 X —Z AW IFEREIC LY | &
72 LHITE LT T AT 7 /U CIRAFE SHU TV BRERIEERS 13, 72— 2 — 72 EOMR{EEE 2 AV 72
T, RERIELZ —UVEEEIC TEL YOG [ EH U LE > TRFELTZE T, ZEROBETEEH
TEDZEPHALINI 25T, —H, OUERR EORHRIZ X 0 ZEZ0NBA LT T AT 7 R CIRFS
AU BHERIRNG 1L, 7o o TB0BMD 5 BIRAFENE L UK TT 2 E A0 B T& 220nig
CEEELCLE S ZEBHBMNE o7,

BRSSO RIBRAFH OHIICEI LT, Kaneko 5723~ 7 AR5 T-% FV T 2005 EI2HEE LIZ3 »
A BRAFORZERESR Tl IR CRME LI B IS BRI E 2 m R T-OBIE N L, 4CLLUF Tf%
17 LT RS PR DO EF MR S D Z s ST s ¥,

FIETIEIAT AT 7 VE VT, BRHEROUEZ A E L, b e —2RZIRINL Tk
R ERL U2, ZORSE, FRCEMRIEMT LIZII5R~ 7 A DS EES T OEFRIZ, ML
NE—ADPNINZ L > T 3 ELLESGETE D Z E¥bhoTz, ZORERIL, TmExBEZELHESH
TeH T AT T RO CHEIBRAT SNIHE T Th-oTh, RFOMIRA 12T 5 AlhetE 4~ L
TW5,

FERE, ko> 2018 AEDOISATIZE ClE, FEREREIC LV SmEELHEINDH T AT v T IUiliEE
D, BTOT UTVRITIE, BEOELZNEENTND Z AR L T\ 5,

VL EDOBERNG | 255U THAEHIERG T OBIRRAFAGRICRE <FBT 5 Z L VRSN TV D, L7end
ST, BB T2 RR LI D 2 & RRGFT 2120E, BRSSO 0 22654
(R E PR D2 MER S D B2 b,

T, INETEREIT> QO DSERTITE, RERT T AT o7 VR EOEZELE FICLY, H7
ANEZELZDRA LT Z £ T, FRIHE 2 72 I CLE STV VIRSHAIFE LT, 2D X
T T VRIFIEERICE< . ZEXNBALTLE D ERTFERD 28T d, 2072, HITAT
TR ENIRNL DL v a MR ETRET D LMo T LE oo, e, HIAT T
IR, RAFT 2RO 2 AU 2 DIE EM ST > TLE ST,

VULDHENS, £FTEIND Z LR 3y MUETERETE 2HETRONE B X kSR
12— FO XS IRRIECIRIFT D HIEEZ VDWW e, LinL, TT AT 7 URIE— 9T,
BAHRLIRAG T 2 2N TERA T — MRICIRHET 2RI TN E T SN TR o Tolzd, &%
S E M & O TG RLRRE T 2 RS 2 ARt 2 Z ST Ui,
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I, FHUBRFE LTz — MR CHREN SO 72 7T 2 2 & T 1ERIER ) SRR AR
T T, T2 ENS SODOBIRIRFTE 200 15DV BHBEFEIROPEFRIIRAHRORSHE L & b
KT 20 E D Dvetimdd 5 Z &ic L
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22 BB ROV
221 wUA

AATZT L —RASHE L VIEA. b L<IZBEZEIHIC XL V1572 ICR Fitd& B6C3FI(BCF1)AHEDA A
~ A, JHOVCR FARD A A~ T 2% e, FERE THRIE, B CO~ Y AZFFNMMH L7-Z2DOHD S 5
(ZSFHERE S U <IZ—FRUIREORS 12 &L 0 ZRSE ST, & TOEBE,  [EorGER OE IR 5
B . TSR 31T 2B IS BT 5 Bt GEH B XONBUCFOED DRI L VER
B SN T DEWIREIEREROFE AR DO, B L LRI OV GILOEE L b > T To7z,
222 B

HERIERRTORS T ORI HTF Bt 2 1-1) 2R, CZB EiHRC Hepes-CZB HiHIOfEHIZS
WIS 1 2B,

223 FETRREIR O

SEHETAET 7oA A~ o A DA HRNRERZ BRI LT, BRI A TRE Liztk, fECoERn bR
CHIARE NG DI BREEORS iE B v R TR L, =~ RV 7 F 2 —T 255 E LT 750
uL 0> HTF 5 I 7=, 37°C. 5%C02 A o3 o — & —PNC 30 43T~ 1 RS ORI 21T 7205,
BEHA PR U7 RS- OIREE S JONEE A, B~ 500 uL 2[R L, BERSHAEI AV 2,

224 HT AT T A T RS RREIE OSSR E

KR & LTH T AT 7 VRIS ONE LT R FREBII L, 7 AT 7 U 1A BT 0 50 uL §25501%
LTz, HIAT U TIURT LIRIRESRITR L 1 OB 21T >7-0h, fild ¢ FDU-2200 Hi5HE
ke (EYELA) OF%, 2 CORE T TVDSERI TR S 1D £ CRAR 6 IefilBite L Clox . wikbiz
PRIUSIT, FDU2200 [ZHRD NS 7= S E 4T AT o TR e T A S—F— Tt 5 2 & THA L
7= (X1-1ae) .

HT AT T IAELISNOMEIZSE GRET) L72As TRREIRI L. FreeZone2 S®UHEH## (LABCONCO)
T, B2 LT (RE 23 FEROEBI) , T AT U7V, £33 — MIR(F LT
HERERG T3, TR 5 £ C30CEIERCRE Lic (M 1-1fg o MW AT 7
HITTT ATENEDT T AR Ir% Fi =,

2-2-5  HERIIEERE T OIRME

BHERIERE T1Es— MIERATZO G, BIEREI T2 £ ¢, —30°CT 13 H, 1M, 1 2 A, 3 » A
RAFEL, S|RTIZ1 B, 3 B, ARG LT, —5Horg 72— ME, AHl7 7 A /U LESTRE LTz OR
24 EEROESM)

22-6 AAXy "7 oA

1 ASHOINr, 2 ASHOIEZ 57 okl - DN A 85O 1L, CometAssay® Kit (Trevigen) ORI ES
Tary N7yt ©&EFN LT, PRMEL TR T30 7 A7 7V, E£7213— hobisf
EARITIIK L, AS@S A IR L=, T AT IR E o — N CENEIURE LIS Tt LT
U, [F—ATA REZEBA L, 20 530 Lysis LW & 40 53100 NaOH ZBER ZHi ., 25V C 5 /foER
Pk@h% TBE IR Tl To 72, TBAWKEN LIK T DNA I35 e/ —UEE L, BELLTZ, Ay hT—
JLDFHANZE, SYBR Green (% 71 573 ) %0 F LT=D6, VIO ARG BX51 () 273 2) & cellSens
standard Y7 & (VU /3 R) ZANTIME L7, FERIEIEREDIRL, 1[EIT-DOF 100-300 PLofREols
TDNA ZEL, JELIca Ay M —LORSIIEMES LT, T AT 7 /VHOFEAE) S 5
BRI LB LT,

227 y-H2Ax Yo
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REEIX, 61 B ERROFIEIZ L V1T o7z, 1 KPUAEIZIE anti-phospho-H2AX (Ser139) rabbit
polyclonal antibody (Millipore-Merck) 33 d:7" anti-histone H3 (dimethyl K9) mouse monoclonal antibody
(Abcam) ZAEM L7z, 3H, W& 1 RGURELIE, 78 v F 73y 7 7 —T 500 AR LT 2
WHUARERIRHZ 45 3B L=, 2 KPURIZIL, Alexa Fluor Cy5-labeled goat anti-rabbit IgG (Abcam, 77
a7 Ab97077) } N Alexa Fluor 568-labeled goat anti-mouse IgG (Molecular Probes, 71 % v 7%
51 A-11004) % FH\ 7=, DNA |32 pg/ mL @ DAPI (Molecular Probes) CTHxa L7z, Mo HIERITIX
AL REARBIFVI000 () 2 3R) 2T, ROROEEFHIN 2 O8N 20, RiEvERiA
(RN % Tmage-J THIE L, IROHIE OB 272 L5 VAR ARSI 2, SE8RIT 3 a0 iR LT-,
228 EIBHRICARE LT F~ U AOfRE

BOIEFO—ENL, RAZ—~ P}, EORR 2B LT,

229 rEtALE

a Ay N7 A ROV y-H2A x Yo D5 R 3, Wilcoxon-Mann-Whitney nonparametric 5521 2 ) fEHT L7,
SAER, WENIH & TGRS LT3R, IR OB RII0 A “FRREIC L V- L7, p 43 0.01 &
TOYE, HaHNCHERE RO LN Z L & L,

S OME., SRR, ISR R OYMERBIEIE, 55 1 3 & AR L7
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2-3 FE 5

XU, HTRAT 7 VilEEOTIC, R TR A URRE L, B2 2 51RO, BLFD
VEETREA ML LT,

T TIREIROHFEIN L, FAAT 01— UIRATIRIRESR ORI I T 720, WHEEEEZT S 7o+
Bl LT RIRERENAVIAERNE ST 4D ENTTIT A OMEVERLLT. (M2-1a) . KITH TH0H
AT T D708 B« 3EHD L. BEEAIDBH S QOO RWNEDY DT I 3—k (FTAF v 7)
> — MIENZIHI 15 mm U7 & 10 em P27 5 K D IZHE KA 0) 0 4313 Ths< (M 2-1b,0) , %
Sl TN EIIRIRER OGN D, TAIOM, 7T AF v 7 o— N K FOZITILE T HHE, DIEC
B, FOMPEEAT B — VNOIREEROZIHTHHRILTZ (K2-1d) . 7T7AF v 27— ML T3
DORRESZTMLE T2 EOMIZE S Z & T, BHEERRORE THIREIROBHEEME T2 Z E2EE S
TS, TV O &G TIREIRORE D& RCEZEIGNER) D 7 I 1— N E COMEESIRABIE LT H
BHEALPROBIAARET T CIEERE LTI T Lo U, BRESWERRL, RS2 T 7ok TR souL 4
O L (X2-1e) . TOEE 10 fFIFHE L7z, W0 LI FRREII IV < O Z & RIEE 2SRt
(FreeZone2.5®) | S, H2ASWEEA 6 R T-72 (BEPET) : 0.100mBar, 1E : -50C) (X2
-2a-d) o TR T L7 TIRERRI L, FEPREAR IRIE R R O (2-2¢) | EZZHEL
FRBITMRO R BB Lz (M2-21) .

BZCH IS DO EZDRAE MR UT-14, R 37T AT v 7 o — MR- F 20 CHZS
POV HL (¥2-3a) . b o 1TKOME @ : KD 2, Brty Mflio TRl T
v MRIZINT.L (®2-3b) . S50 ENLH L USRS SN TND T 2 35— hi— R,
TEDITEREBRE 2N DIEY ATz (X12-3¢,d) . BHETEE OB IFEF I @) > 72728,
X 2- 3 DIEE TR TE 2RV AR CHIMHIAT 5 L D 1ZhdE L7,

T MTERATEHHER IR T2 SR AT 2883, ST IUAER LI iy 2805 2 L TF Ix— |
= hEFHEL (®2-4ac) . XLy hEEUEY NCOFEL RS, ZoXU BT Fa—T7HO 50 pl
DK THVK L= (X2-44d) .
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A F 11— LN

2-1 AT AT 7 IHlE AR S TR OWRE 71E

(a) FEBRIHER L738E AT 17— L OF & 7L IR A MO, (b) FTOZITILE T (fil:350)
O 1L L5 em WWHIZEI -T2, (¢) T OZITILE T OAMELZRELTODT T AF v 72— MI 10em
WHITEI > 72, (d) F TR OB L, FIEA T 21— MR A TSR ZER ORI TIT> 72, (e)
A By b= &2 HWT, B 50 pL OFS FIREIR 2 SR LI T L7z, AT o—/LNiE, C 3
k. D I AF v —h, E TAIBRAL Y . F IRIEEEOIEEE LT,
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LABCONCO

B12-2 DGR 7O EZ2R LR
(a) LABCONCO £ FreeZone2.5®Z AFEERIZAEH L7z, (b) HASEE L7 4 TRREIKIT T V< OINT
R FFEO, (o) EHIZEEZSE, (d)-50°C, 0.100 mBar ([ZENZFHE L, 6 RiHEZE75A0L
AT o7, (e) WfE LIk TIREI SRR SRR A A D () Wik L7 IRk 3
ZERE AR % 8 C YR TRk~ S B b T 5,
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FLZEH IR D 4}

B AR
i+ (M) < — K

A2y 48y 45y
ADY 48y A2y

2-3  HEHCERAELE O T DY — MREFHIE

(a) PRAEHCEERS 7133 — b D RITHE 7o £ £ EZE 0 O I0 L7z, (b) BORSHZIRS TSR L 72
WE DT, ERAR CZTILE LT L2 b0 LR UMEZE LDt 5, () BEERIN B ST
WBIED DT I3 — b — MEFFBERICRE DT RR DALY G5, 28503 — b ORIz
RO ICELRNE DT, FETHNBIEY bR 5 X 21T 5, (d) BURSHERR 7% > — MIBRA
TR
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2-4  — MRAF LTSRS Ok 515

(@) T ZEATWDEYZ > — "L ERZTOIVEES, (b) KDY D> — b 2BV EET, (o)
— FABRE . WS TR Ly FEBHESES, (d) BHLIE TSV P2 EYE Y FTEIY
L. Mkd 5,
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2-3-1 MPEOENZ L DR RER

K TIREIR A1 T DB 232 LT, ED X ) B0k bl L TN D OnEDRIET 572
DI, FEAROIEN, VT T v 7, BE=—ni— b, Fifk J8K 47 7— 2T, B
T2 ER L, 1B T SRR DR T ORINGEA TN L7z, ZORR. IR 123 20 2
TS 2 Z LN TERD ST, A7 T — NIRRT T2 M85 2 E N TE 703, il %
THITAT T — b 2D L ODOETRY DNIEFICE L, BFEEILT D Z LN TERd otz Ubo
HEND, e AT T — MIERARTT S HE L (F2-1) , UK, VI Tv7, Ee—ny
— b, FHECIE, DRI T2 BT 5 Z SIZpEh Lizhs, B0 od S0 T ORI LT S %
TREHNZREMN L7 R, SREMR S I i bR T o 72,
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#2-1 MED & ORGSO, R X LAKEORE AR

HATEH
T Moki%
) PR <L “Yes” P
MLz 5. .
4 0RE g i A TI0
R Lfgh 24 3Rk R ! R (n ReEEH
. /3 . =5 AT
o BERE L
[z LU X7 TG 4
c EZZANEERe A
SV
T Yes Yes Yes Yes Yes No Yes 6 =B
T No No No Yes Yes Yes Yes 4 B
= Yes Yes No No Yes Yes Yes 5 T
AL Yes Yes Yes Yes Yes Yes Yes 7 w®E
Ak Yes Yes Yes Yes No ND. ND. 4 fERAA]
Z7
. No No No Yes No No ND. 1 AT
S5
T =
- - - - Yes - - -
I o—L
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232 MEIZED 1 r AR(EHOFAR

T AT 1= 4 SOMEIC AT, (RFICIT B AT 57010, FT%300CT 1 »
PRAF LT D BEEIRIE 21TV, 15 DIV ROIE AR Z G UTe, ZORER, 4-8 Ml £ ToFRA=RIT
IME S LR H DI To0S, WHRISRRE RIS IV AR b . AT AT
T AL TR HEARRS T & R DR T 1o (IR - 17 AT 7 L 5T vs
R A1%, PEIEER « BT AT 7R 24% vs. AR 21%)  (F2-2, 2-3)
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#2-2 1 7 AR30°CTHRAT LT2HE OBt DRAESR

FAT— DDA

ME ST SR (%) -

T

2 AN (%) 4-8 AN (%
M (%) Ml (%) WA (%)

FIHK 41 38(93) 24 (63) 24 (63) 9(24)
VA 84 75 (89) 55(73) 38(51) 22(29)
E=—li— |k 63 60 (95) 52(87) 22(37) 18 (30)
FHEEIHE 148 116(78) 88 (76) 68 (59) 47 (41)

Shamy 57 46 (81 34(74 28 (61 26(5
(7 IR (Y (74 (61) (57

SRERIL, BT D3RI RO A KT
BAT =T ~DIFERL, SREIMRA RS U TR LT,
* A b UXORHROS URERER S D Z Ly (p<0.01),

50



£2-3 1 ARE0CCHRAF LIk OB OBl

MEL USRS SRS 00 2 MINIIRE 0 (Wﬁ%lfi oy TEFPH 00
Tk 92 87(95) 60 (69) 60 (4) 5(8)
YIoIvF 75 69 (92) 61 (88) 61(4) 6(10)
E=—Li—hk 106 87(82) 78 (90) 78 (6) 16(21)
IR 69 59 (86) 48 (81) 48 (4) 10(21)
2y hba—L
oD 63 (83) 51(81) 513) 12 (24)

RERT, SR T SR OB S & 3T
2 MR~ O AR, B R e L TR LT,
PEFRIE, B R 2 R OE S 23T,
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2-3-3  HROHRO ECHURETEREE L7 1O DNA iR

SEMARE TIRIBIR OS2 T U U CYERY L 72 RS2 112D\ T S BICEEL S EZ TG 5720
(. WSRO B I, KD DNA 532 7T 27 7 VTR U T iR ERS -0 DNA
L Lz,

Ay b7 A ORERIT, TR U 72 BuR R 1013 9 23, FRHBC W THEZRZT
BTN TNNCa Ay N7 — /VOFRHMEDEEIN UTe (57 A7 7 Uik, SHAE 125 : 781, FHXHE :
1.00 vs. ML, FHANE T2 : 762, FHXHE : 1.04) (F2-4, K 2-5ac¢) .

—J7. yH2AX JLEOFRERIT. FEOHK CIER U 7 RS NG 7 OREMERTRZ OBRELI L, T AT 7 )v
CVERL U7 ks 7 L MR T Le (BT A7 7 U, RIS @ 16, EHIHERE : 0.72 vs. 3K
AU, FHIMSR - 25, CEREEE - 044) (F2-5. X2-5d1) .

P EOFERN G, SERE AR, T AT 7 Ui I CVERL U 7= s 1 & R O
DEHERIERE T2 ERS 5 2 LI LT,

F722-3-1, 232, 233 OFERE D | K TIREIKOS T T IO Sl T D ETRE LTz,
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#2-4 HIAT U TIREFEOGRTENZIUWER UT-BSEH oG 0o X » b7 oA

Ay MDD

ME HIERE T4 . SD p fiE
oy ha—L
(7L 781 1.00 +0.10 -
=k 762 1.04 +0.08 <0.01
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#2-5 HTATUTIIRE IO TEAVEIUWER LT BeR Rt 1 ORISR D v -H2A X Yt

iz HEVERTarERE
MR — it
ARSI S ISR Sl
= O N B 1%
o 16 0.31-1.35 0.72 -
(77 )
—k 25 0.11-1.37 044 0.0113
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@]
N
(=

FB o
5 &

o o
= Wi

FRITEE OB h
¢ - =N
<o W <
®

-
£051 o2l 3l
& | e W

K2-5 HIATUTURE T — N TENEHWERL LT iR 70> DNA 185

(@) HT AT 7t VYRR U7 gE - & (b) o — MW TR U7l 7o A >
N7 oA OB, A7—/N— 100 pm, ()7 L—0O7 1y NIHT AT 7 /U CER U5
HARNE 102 Ay N —VOERA T, FOT Ry NI — N CER U iE 1o A > hr—
NOFEEEZ T, *p<001, (d) BT AT 7 Uiz W THER U 7= bz 12 Bdsehs U 7-aiz]
L (@) > — NV TYERL U 7ot aek 1 2 BAsers L7 RO i, Pb: Polarbody, (f) 27
L—D7 1y NMIH T AT 7R YR U T R8s 7ROV RO 27~ 3, o7 vy M
o N CVERL U7 e T H R ORI O 2,

55



234 — MRAF LT BRSSO R ORGEIT L 5 S8R OHER

= GEOME 7 I3 — b — P2 U TER (28AT 13 B, T#ERL 14 A, 3 7 ARG
L TRV 712DV TC, EN SRR IR 2 2 L3 T&, 2 TORAH
FICBWCRBOEFESD Z LI L (82-6, X2-6a,b) , £72, FOIVZEFORD
HT7 UH MR LT~ U ATEFICHE L, BRI <, AFN TE 2RI B TH
o7z (X2-6¢,d) , LEDOFERNG, WERERET13-30°CThIUE, 27 &b 3 » AT
WERDIEREER ) Z e, = N CRETEDZ LR 0o T,

W21 B, 3 B, 1ERE SRR T — MAE LIBHEER 7120 T WMo
BIVKBIKE T 2RI CE | TSI EH 5 2 L3 CE T, & ZAD, SERL O MlEli £ %
AT, AR DI UK F Lz (E2-7) , &k 3 AMSIE T — MEELIZE T DT
ZAEHT 2 2 LITEEN LTehs, 1SR E LT 70 DI3BEFAME DAV T,
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#2-6 -30°C Ty — MRF LTBEIRE T OREE

A . " LRSI I
TR UM SRR () 2 AT (%) e o PETE (%)
(Lo v FOUEE)
13 A 151 128 (85) 118(92) 118 (7) 12 (14)
1 3] 147 126 (86) 116 (92) 116 (8) 202"
174 203 145 (71y" 98 (68)" 98 (6) 14 (14)
37 H 182 145 (80) 128 (88) 128(7) 10(8)

SRR, UM O 25 OEE A KT

2 R DOIMRAE T, SR R e TR LT,

PEIFRIT, BRI D E R OEA 22T,

* ZFHNZFRUNT, 13 HREIORGFR OB R LENENT B0 05 Z & &ad (p<0.01),
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F2-7 SRTY— MrfE LTRSS T OREFR

R AR R 06 2 WA o6) (Wfi%ﬁfi gy PEATEC
1A 194 165 (85) 139 (84) 139(7) 10(7)
3 167 140 (84) 100(71) 100(5) 5(5)

1 R 186 11461y 66 (58)" 66(3) 0(0)

SRR, HSUM O 2RI MBS A KT

2 HRAS DR T, SR R e L TR LT,

PEIFRIT, BRI 2 E R OES 22T,

* ZFNZIBUNT, 1 BIRFEROBGEI I LEN TN B0 5 Z & &mvd (p<0.01),
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o
—
=)
S

|

g @2
=~ 60
% ‘BHZO
H 40 ¥ 5
R 10

20

1-38 1M 18 348 0 2 4 6 8 10 12
{RA7 3 [H] PEAT-IH fip

2-6  — MRAF LTSRS 70 DR BV E B SOOI (2) 1 # ARF30°C Ty — ME
17 L7 BCF1 SSRGS T OIS DAV, (b) FHFOIVZEAIFER. ERICEIHLZ, (o) TR
FAIRIDROEI A O FAERORERS 2T, FRPNISREE, BN T2 M~ DI AR TR JPE 2 4
TNET, (d) SO EFORER S L OREESORINE R~ T,
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24 B

AE TR LMD 2 B, I DRI T S09< | B R ORESRD mV WIS C
bolz F2-1) . I &b EFEROFEITREI G SIVTN D728, IR EEEIT> THAk
DT 7L FETAER USRS T AMEHUCRIDUBNL T 2 2 L3 CE T, £To, WFERDIAELIC
KL ETHGE LT FRRBID N SRV RTh, BERHARO —HOMEZE TR T I 20— MIBR A EEDMT
WRTD T, ZIVHORIE, AR LIZMED 5 B CHHEROME T o 7Rk & SEROMIE IS Tl
Fote, Ui UM & Ffla o U735, WM RO 52380 oo, RIS R I 2
O LTZBRIKSEFRIZ K EATLENY, FT0Hb L., B ORERMET LIz EBE X, £
o, IR IO W TCHREIHU IR L V) BIRS K LTS T8, Ot IILE U Choi/ab Bl %
K TH D & L=,

T AT T IRE A CHAERERRE 72 SSIRIRFT D556, MBS REEMRTNIZ T 7 UiR Cotud
VLU T LT T Chho THOZHDBEFEAF HALD D, $50~CHilE LZZZ0NRA L2 T V77U CR
FESNRETFOEITE LR TT D2 &b, ZERSKGOBEN TG FOFRRGRAR T S5, T
AT T IR RS IR A RS L7123, 05 AT 7V 1 % 2SR I FHd 7= %
T T IR EEI e N—F =TT D 728D, K TIPS . 225U il d = &7 {RFESH
%o — 7 HEHROD b O TR A BRRERER U7 R4, BRI 7O 3o ok -7-F %,
BEZERAPROINTEOH L, KA TT I 3— hi— FOMITEEEN D720, BFETERERS T35 —FElc
= NTRAEESND (M2-3) , ZOTOERMAF TIIE TOH3ERT < R TOFHIRE
TR BIToh., THNFHREIRORARITE T LT LE 72Dkt L, SB30CHRAFETHIUDE O I TR
<8N 3 AR L THRERSR 2 M~ DRAEER | PEFEIME T Lol B2 % (3R2-6,
2-7) . 73— b — bORICEENTZZEEEITHONWT, K FIRBIROZITILE U CTHEF LA D H
b, BT 0T TRERGROBEARNED T B & UC, WA L7 O T by W T
boTledd, T Ix— MR GOETRATAE U BRIV INS <7220 | AR R b m< 7o T2 rlEE
MER BID, Fo, AR LR 20— MEL B0 CHRETHIUINE T-OUFRT Latts
RSN ENR D,

HT AT T MEE — N TENEIWER LT 7D DNA B Clidseiite O R AR 3R
EThotz (K2-5, £2-2, 2-3, 2-4, 2-5) , FAIH T AT U VRIZHEL TERIL T, &~
— FOETHERLUTYH, W HIEETIEZICIBEATLE 5, ZOEBEIZOWT, MEETRRITR D0,
FEROIFPIIRI CTH Y | ETIRARER CHRAATY (T AT 77U WFET 143, S — b
i, SFEC 10 i) o R T OBEERCTHIUL, FRHE e CHEERRER 2 5 2 &Rl
HESNDD, EOLNFHIRE LR D, BRI HND Z LI XTERV, H 1 E AL r—2R
(2L DPERDOUGEZ RIS, HHETREEZOE L E RO T AR 2 LIXTE Dol 2072,
T TRREIR oA DRI S eV E &, | GIREERIRE E CHEISNS Z LT, HFAT
TIUE = P EAWEENENOIFEE B HIZBO T, KRR U ORI a5 435215 C
WD EBZ BALD P8, RITHIFRERZOUNT, [AFEEEDEZIEDORMEEE CRAEZ L D 6 RO EAS IR
BEATIeoT (T AT 7TV FDU2200 N : £ 50 pa, 3 — MV e FreeZone2.5 P : #470.100
mBar) . FZESAFOE L, K FREORAIRIBICRES 5 Z EAHLINTIR> TS T, LasL, HTART
Y IIRE = N WA O ENOD L TIR, BASIEROT v L S —IREEOHNS L7k TR
DFEFRMFETIR D0, ARSI T- ORISR DR o To723D, BHERE DB L > TH A—
23T DIFRNE, Ty o SRS O O iR A B — RLUNTH D | fiRE L TREEDH A—
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DG A KATE EHERI S D, DL RO OKEROBIHEIRD G Y | §5EC & 23384 R H 7,
B2l N AEORE R & 91 IREIRA RAR X 7o B EO BB LWEECH ) | K70
REISERSAH OV T, UG L RIRR B AR - D AfiEA S+l 5 L B 2 Hivd,

—J7. ARFETIE— M TRIFELTZ ICR KU BCF1 SBHEDA A~ 7 ADMSEHERNE T DR 2135 Z 21T
BHILE (K2-6a) , et 3 5 AL BAERME T2 LB TERMETED (X2-
6c, £2-6) | MRG0T — MRFEEINE, RO~ U 2 HFIATE 2 ReD o5, 4
7 7 A N EICNIVTIRE LT (M2-7) Z &C, (FRES OBk 78, 26ko A7 27
TIVEED b3 MUBMFCE DL DI D724 9, IRE T, AEINOERMZ & H7- 0035 %
1ozt el
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2-7  — MRE LTSRS OS5
(a) ZEOKE L — e LItOLRIZ 7 A U AN, 3 — METETIAARLD L) IRET DT, (b) =
DOIFHEL, WHECREFIZ LE ST, 237 MO TERTFT DI ENTE D,
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H3E
FIRTOREF3— MRS O SZEIZ AT 725

3-1 i

KT OEHRAA IO T ER b IS R S QO D EESERAERAN T, ORiisEZR220H4 5720, #E
FREOEHIRS ) 2Bl DT ORI EEANR— A ONER, IRIAZERIEL TLED VAT~
DRI E R RELL OFEDED ™ 728, FE T OERRMFEINOFAUE I FES IV COND, Z0D
BHIOOE DL LT, $E T ORIEFEANTA D Y | 2RISR Lo~ U AR 70 BRI EH S
DHRE S TS O, Z S ORIERAINT, BT 2SR CRIFTE D720, IWIFRERZIILH L LI
IRBRIREA LR U721 T AUTIR B2 & WD ) BRI IR CE 207205, Sk T L7 & ORFR 2 RATa i<
IRAFEREE AR L7 T UT2 B720y, — 07, R FOMRSHIRAARIN €13, £ 6 em BEO/NS 2T A
T T IR REIE RO LT, ALOBIEH L CHIE A VU ERFTE 5%, LinL, Mg -
VR T & LSRN E LUK FLCLE 2, F£, BT AT U ER) I 5 Z & Tl s Al
REMER SV | BT INRANT 5D ARG IR FCE 72 7e>TLE 9,

B 1EIZBUT, 05M ke —R I, FREEHISIRRT UTOIASR~ 7 ADMREHIEE 1 ORE 13- % I
BCEDLI LWL, ZORERIT, G TATaA V) —rT 077 4 —) IZX 0 mE%E
CHESNIZT VTR CTh-T- L LTH, ZOFNTEAT LTAREDZE SR DG 8k S - O LA
SHREMD O D Z L ANR LT, £ CH2FE TR, HT7AT 7 Viia—OEbPIZ, REAS—Z)D
7R IRE UM E T X k— b i— MO 2 HA OIS 2 REDBIS 38T, D
AR, O — MOERACRAF LTRE AR, T T A7 7 VIR CVERL U7 R is 7 & Hole LT k51 DNA
DR AERIYX TAHHIVT, B30CT3 - AR IR TIE3 BRFETE 2 Z &b oTs,
FIARMESIIRE T, BB CIIR D D EFEANE TN OB ATEIFICHN B H1ED, 5T
[ CITERFFFTORIEER M TON D BRCHE SN TV D, 2070, KT OEEIL, AR+
CIRAFELAN & FERICHIRD HALD FIETH D ™, PR E SNV TR, 7o T RO A h e
— ST DI BIRIRER DB T, RTA 2w 3—7p EORIFCHIOIENEEE % T D 0E)3
HY | BEESCFHNRDD > TOBIED, IRIKERIEE L7220 E 5 I2T AT O OEEN LT
B D, BHEEEISRIBRENRRTRE T, AT AT VT NESVA, BN E 51235720107 v
MBS L XIEoTLE D,

VI EAESE 2. AECTITET, BRSSO — MREEINN, RIRERR &2 TR AT,
IS EITRE Y AT 2720 OfffE Tl T O—REEISHTE 200 8 ) ety 2 2 iz Lz,
RO 1213 b, [ERR ORI O ZI3B )25 Z L3 <. BEb w03, ENOfE
THIUTEL A LPNICECESSE M T T4 57280, EHIENOEREEZITH Z Ll L

& ZADE 2B TR LI 10— ML SIRMEIIHIL3 BRIDSRICC, AR E LI 70 O30
DN -T2, ZOFRIE, B 1% s — MO BRI RGN IR Y Hid 723, Z OB
DZEZKGPI IAFNTLE I O THD LEZ T,

FITAETIE, H1ETERLE, 05M kL — 20NN & 2 SR e OUGERA 5 2 2 C
BRgE LTz — MMENEHT A Z &2 k- T v — M CosERRFHIRIOR Lz AT, £17 T AT
72— NOREDFREE . MEsEARRBAIOMAZ AL Z LIZE-Th, BHEHERE 14— TR
=R T CE D IHEOMNL 27k AT
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3-2 MPBER OV E
32-1 ¥R

ICR ##iE. BFEGHC L VS A A~ T AL AR AT L — L VA L2 A A~ T 2B F N
A=, BCF1, BON, 35X ONC3HHe AHDOA A~ 7 AFZNEN HAT AT/ latt L v A
L. WSROIV o, SR TIRIE, & CO~ T A TR Li=Z D H O 5 HIZEHHEE
t U< IT FUREOWRS N & 0 LIS T, & COERE, B O HEICB 2iEE . THF
SR 30T 2 IR O BT EAER ) B L ONBERTFOED HHFRIC L VRESIVTND
W R IEE S ORE LRI DD, BEHE L 2ROV GILOEUEE > T To75
322 UG T O ER

PR30 1 EAONE 2 BITHEC T L7, R 37°C. 5%C0O2 A >3 2—& —NT 30 ZfHi~ 11
[OREEEAATV, HTF KA YRR U7k T OIS JOSEEW AT~ b, 5 2 BICHE U TR
1HUTDE 50 pL A4 F U CHUfE B L7, 05 M b Loxo—A %G HTF FtA 4 2 5803010
Beath, BB 500 uL =X L, 5,000 pm T 10 HfibaAERAAT o714, HEEFIBRE ., FETO<L
% 500 uL O HTF #5# (05M bk Lm—2 & 51e) (TS, FEEK 1 BUTDE 50 ul A9 T L7
323 K FOEE

HOREHRRG FI3ERE, GBC T a7 I XDy NUAARDT I 13— Fo— MIERATZO L, kT 5
FT30CTRIFE Lz, BREYH, — MIEEA SRR T3 30°CHBEN HE L, A~
(ZRED AHT 2RI AL, AR MIEEH L. (X3-1a, b) BRI 2 XEAEML, LA
WEOBFERA NG LR E CAlidE LXK & BRKRFAAF v o SANOEHER A R b (LFL
KEFFECHEGELXMZZRIT -, BHODEREE T, 73T 2 HUWIZZRE T Lz, BlESNE
T, BRI 5 £ CTHE30°CTRAT Lz, £z, RIS -1, B & RS,
I TOTIIFARIC TERIRRAT L, FEXAE 7 £ RIFHC-30°CIC R L, SRS % £ TR
L,

324 TIRFvII—h

TTIAF 7 — NOBFIFER RERER 3325 Tk, 73— MM A 7D —F2f#E GBCT
AT TR AT TRE, KOS N AL RS b B YT CETAMEHR) b o,
A3 FEEHAE AV (K3-1¢) &

325 v MROHESHARRE O

T IR — M A T DU — N AWTSIGEIE, BURSTEERS T2 BZEREE T CT7 I 3 — MOzl B
ZEREIRERENIZ & O 0> COBEERINEBAT SIVT2 7 L 31— N E2 R 100 IRt 7o R C e e
ATV, NELZ THSET I 13— P aiah S0 Ll T2 2 — MOERATIRIE CEZ2 5
BENDELY T2 & T, SRS 73255t Z L 72 I I3 — MTERE D L 91T LT, Wil
HEIAERAZ1330°CH L < IT=HIR TRAF LT,

ROUFHAT DY — N AWTIGEIE, BRI, K2 —ERKPICHIY H L%, 72725
(R F ORI, B REEEERE (bR Sy 7 A St 1B TS L7223 5%
UFE—) 7L, EOEEERTRIE LI, MRKICHODHE 1L, 30 C TEIRRFX & [FIHAH]
REF LT,

326 iR & R

BiEEsERNE (7 rm "y (CZEIAME) | BREAIT [AEA T4 b ARIRSE s (7w L)

BEIVENH, WL, RS T ORI, 5270t A RICHHE L7 Sy F ORIz, Wi
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VDA, & L <IHFERAT 1ET DO AN, §<ICHEG e REEMaZERIC IR AT i L2 d bR D F %
UL, BT R L (M3-1d) .

327 WSRGHE T OUIVEEL

SR & BRI A AU TR LTSRS T2 0 B AT, KU Th T Ic& o F 52—
7L, BABE-OL, EEHE BEEEEEO L — ) o THSEO A Z I L TR A3 - 72221
DEY &#EEL, NI TR TCEOFERGFLEZ (K 3-16) ,

328 EHLER

PRGN CASMERR LT3R, BIE OPERIIN A “RREIC L WML, p 2% 001 &
WOEE, FRtCE B ERBDONDH L & L,

BRASHRASF-ONK, IF-OME, BdRs, R, AR O EURIC SO CIIRTEZ 2,
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&

3-1 > — MRFE LTINS 14 =R R F T D8k 1

@) T ERATIRTEL Q0D U— MIL IS 720, EfECANIZD T2 LN TE S, (b) v
— MRELTDEFERE VAN T23i8 & 2R A M LT, () NUTFEA T DT T AF v 73— N THS
HEHE T2 RAF T DRk T (d) THOREHZIRRS T2 IASRAI & BRI 2 —F AU CTIRAE L TR T () BHROD
FRRTE, FE TDVE ET SRR IR & BRmA 00 0 B L O L=,
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3-3 fitie
3-3-1  T— hEEDSEITHE Y AT CEYEEGE LR 10> 5 ORI EH

RTHRIX DZAERIT TT%(EAEINE AR, 78/101), 2 MR E TORESRIT 81%(2 HIKEHIIS Y2
UL, 63/78). PEMFRIT 3% (PEMEUBMEINEL, 2/63) Thotz, [LRURNAZ B L7k ORI
73% (77/106) . 2 A E TORAERIT 66% (51/77) . FEFEIT 4% Q/51) Thotz, iz, T
BEEDN G IIAUR F CIRZ 72U CTHIE LTS T OSERIL 76% (76/100) | 2 Ml £ CoRs 3%
79% (60/76) . PEFRIX 7% 4/60) Th-o7-, LLEDFERIG, Bk LI 10 bRAEFEMETT 5
Z LR EEFBEDIL, B TO Y — MRAFEIREL, AR b~OEE Z I U7 i e — B E S T
XD Enboots (#3-1) , Fho, BONTHET U MR LA ST D & (R PE
SZHPEF I, BHERRICRIEN 0 2 & 2R LTz,

67



F3-1 I CIEIPEE U 7SR 7 OPEER

AL

Bt BN SERUTER (%) 2 MURIIERL (%) (Lotry by PEFFEL (%)

230 106 77 (73) 51 (66) 513) 2(4)
LB 100 76 (76) 60 (79) 60 (4) 4(7)
THE LAY 101 78 (77) 63 (81) 63 (5) 2(3)

RERT, SR T SR OB S & 3T
2 MO AR, B R s L TR LT,
PEFRIE, B R 2 s E R OE S 23T,

68



3-32  — FOFEOEWC LS 1 ERORIRRAE DORAESE

STEHD T T AT v 72— FCTENEIURLTE L T2 ICR SAHEDOWAERIGERS 7122V CL -30°CC 1R
1FUISA, TR AERIIREAT I L BTN oTe, L 240, 1 HO=RIEM
GFEATRST A, EOV— eflio THRARITZF LK T L (#3-2) . LEOEENDL, Bl
AR I, BB P Co— U7 L LThH, v MNORMEZAEL T 57517 Tlds— FTF
BRFTE RN otz
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#3-2 BRDLTITAF v 72— T 1 BRI LIRS T O34 R

HAT =V ~DIEFAESL

fRfE ik
-k L R (%) Y
WE 9K 2 MV (%) 4-8 SINAH (% U
A (%) HIRIAT C8) )
. 30C 42 39 (93) 37(95) 30(77) 22 (56)
7 i Z\_ ]\ A P~ * * * *
EE 58 21 (36) 14 (67) 9 (43) 4(19)
o 30C 25 24 (96) 19 (79) 14 (58) 13 (54)
7IF—FB . . .
HE 63 19 (30) 6(32) 6(32) 2(11)
- 30C 39 30(77) 23(77) 21 (70) 15 (50)
VA
=R 38 16 (42)" 10 (63) 425y 1(6)"

SRERIL, BT D3RI RO A KT
BAT =T ~DIFERL, SREIMRA RS U TR LT,
* = PO LAY T30 CHRIFR DRI R LA RRZEN DD 2 & 27Rd (p<0.01),
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3-3-3 iSRS & BRITAIOR)R

ICR SAHEDHHEIIGNRE 7%, WA DI & —FEIRAT LTSRS, IRAN IR A2 LTz 7o, 3l
FEHLIGRE T U, SREARICAE D P e 2 & T TE 2 Zeo T LE -7, WKIT, BRIBAIDAE
—HEAF LT, 2RI 5 2 oz Uiz, S2RERIT, T RIS T L7z oS
K1 & B RNGE LTS, BRREIRITNA 5 U T4 E TRAE L b0, i E
TRAE LD 0Tz, & ZAMN, BiEEFEA & BREAZ O L CTRAF L TR BifsizEE 7 (M3-14d)
TIIBERN S HIZHE L, B OISR MBI £ CRAE LZ, ZOHETL » A=A
TRAT LT SRR T OBANEHEI b I £ T4 Lz (3-3) o S 5122 Mlainz IpEic
BoAtid 5 L FEHDMF DAL, BEFRIT30CT 1 7w HRRFE LI L R CTh -7 (F3-4) . 15
DIPEFZ T X LR L, QB S EToRER, ERAPEF O ZEPEE L, BIHRRIC b TN 20
ZlEERLT: (K3-2a) .
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# 3-3 MRS & BRA 2 AL CEIRPRAT U 7o BRs g - o R R

BAT =T ~DOMF S

RAF M RGN —
(AR o . p— -, SR
Ve e il (%) 2 e 4-8 A R
(%0) (%0) .
(%)
-30°C 2L 33 26 (79) 25 (96) 21 (81) 14 (54)
7L 34 4(12)° 1(25) 0(0) 0(0)
1 WiERZRA NA. - - - -
E=tl]
[ERLTSa] 37 25 (68) 16 (64)" 3(12) 0(0)
WRERAL = 35(83) 32(91) 27 (77) 14 (40)
Bl A O O H
-30°C 2L 35 31(89) 29 (94) 27 (87) 21 (68)
1 H X
£t el = 67  60(90) 46 (77) 29 (48)" 24 (40)
" Al

B2 S VT (b S T ] U e o

BAT =T ~DIFERIL, SRR A RS U TR LT,

* AT LIRS 11220 T BFITEBW T30 CERIFR ORGEICR LA BERENR S D 2 & g (p<
0.01),

#x: 1 r HRAE LTRE 2OV T, BINZHRW T30 CIRAEX DORGEIZRT LA B AN S D Z L &R
F(p<0.01),
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#£3-4 NUFEATDL— 25T 2 AREURE LT s T DR

X e . " LI o
TRAEREE BRI SRR (%) 2 IR (%) o L PEE (%)
(L vz hDJEE)
-30°C 197 162 (82) 140 (86) 140 (8) 24(17)
E=tl] 208 173 (83) 143 (83) 143 (9) 24(17)

RERT, SR T SR OB S & 3T
2 MR~ O AR, B R e L TR LT,
PEFRIE, B ORI 2 R OE S & T,
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3-3-4 L%~ U ARG OEIR Y — MRAF

ICR D1Z7>, BCF1, B6N, KU C3HMHe D44 AR OMFERLERE 1% 3-3-3 1R L7 BiEERA & bR
FlEOFHT 2075 C 3 r AM=EIRRT LTz, TO/RE, 2 TORMITBNTHE 2B 5 Z £ 8T
. ICR L U'BCFl ZHDOKET-TlE, b L —ZZHNIEFITRAE LT b BRI 2 AR
B, AT 2 2 ST E LTe, —F . 8RO T2 WA FRT BON RO 712
DN 2 M~ DRAEZRITAL T O[3 B2, BON KON C3H AR O/ CREF 21525 2 &R T
7oty L, 05SM D b La—RAERINUESA, 5O BEEEnE 2 Ml IvE s
WELT2L 2 A, BEFESD Z LB LIz (£3-5) . LLEOREEND, 42 TORE T2V T,
T— ORI LTI, BRI D REEF 2150 Z LI LT,
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#3-5 3 » ARG LI FOREFR

L S AL
TG SLEGNE (o p K (% (Y%
AL ek RIS (%) 2 MBI (%) (Lo Exy oty PEFTEL (%)
ICR  0M 63 51(81) 37(73) 37(3) 5(14)

oM 65 42 (65) 37(89) 37(3) 4(11)
BCF1

05M 70 55 (79) 38(69) 38(3) 6(16)

oM 89 53 (60) 25 (47) 25(2) 0(0)
B6N

05M 89 77(87) 53 (69) 53 (4) 6(11)

oM 75 31(41) 23 (74) 23(3) 0(0)
C3H

05M 68 44 (65)° 29 (66) 29(2) 2(7)

SRR, UM O 2RI MBS A KT

2 AR DOIMRAE T, SR R e L TR LT,

PEIFRIT, BRI  D i E OB 22T,

* BT L BHNCEBWT OM KORGFEICH LA ERZENH D Z & &2/~ (p<0.01),
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3-3-5  [BRSEA & BRRAI DUV BE L7212 1 4 ARSRIERAT LT~ 0 AT ORER

fiifssEAl & REAIEZ AN E T, ESIE-STLEI 720, UIVEEL/ZREE (X3-1e) THLEIR
PRAFDFIRENE D et LT, £, U0 BE £ TIO B I A28 <2 72012, BiFEsEAl & bR
A N CERRAFZBA L T D 1 RRICUIVBEL 7O & .3-5 BRRICOIVBEL 72 2 Eh,
IVBEEL TS 1 IAMEIRMRAE LTc, ZORER, WO HIEIUTHE L, 15 b - BdsEine
DIAERIZE I -T- (383-6)

I, WilEsEH & BRITAID D)0 B L72IRE T 1 4 A RIZIR L 72 ICR A& OV BON At DGR
K 7% O CHEBEIE 1T/ o7z, TORSE, BV EEL TR LI T2 WG Th o ThH 2 4
B E CORAERIURTITAHT (£3-7) | 504072 2 MR Z IVERBIET 2 & W T o5
ICBWTHLEFEED Z LI LT (K3-2b)
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#3-6  IiEEFEA & REA OOV BEL THD 1 EREIRRT Lo FORER

HAT =V ~DOIEFEAESL

W;ZE © R e Xtiiw SN 48 AW FoEw
(%) (%) MERTER (%)
; 30°C 41 36 (88) 33(92) 23 (64) 18 (50)
_______ R a4 605 509 196 nen
35 iR 46 491 31(74) 19 45) 15 (36)
RL 46 3780)  29(78) 20 (54) 15 (41)

SRR, DGR 5RO 2 27
BAT— VDRI, SRR R LI LI
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#3-7  JNEESEA L REA DUV EEL THD 1 » A SIRIRTE LR 7 OREFR

S CIVEEL IR SRR 2 M \%ﬁ%ﬁ ” PEITHL (%)
(%) (%) (L vz hDJEE)
. L 24 18 (75) 16 (89) 16 (1) 4(25)
HY 119 91 (76) 69 (76) 69 (4) 3(4)
BN L 84 58 (69) 57 (98) 57 (4) 5(9)
HY 82 65 (79) 61 (94) 61 (4) 2(3)

RERIT, SR T SR OB S & 3T
2 MR~ OSSR, B R e L TR LT,
PEFRIE, B ORI 2 e R OE S 23T,
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Vo e
-l

3-2  FR T — MRF LTCBRLRR 7 0 bR bc~ v A ek

(a) MiPRSRAIM OFRIEAI & —HIC 1 7 HRHSEIRGRE LIZ B T DR DI A AT T A L A A
YU AL EED & IHIEROPEFNZEAF H AL, (b) BiFRFEA & BREAGEIVBEL T 1+ AL
T— F OWRAE TEIRPRAT L 72 BON SRHLOBGHRLARNG T2 FVO TR S VT E T
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3-4 &5

AETIHINE OB Z o7, AARENO—REE TR -2k Lico b, BEREEHNT5 2 L1258
L7z (X3-1a, b, £3-1) , ¥— MUEAIKETE2RA b h— ROER CESGS, WINERE ST
RIS OB LT, SBICHT T AT T URCIEMETE 5727 v 3 a U i7e < TTHRMEDL
B <, —EEME LR UL D IRk C& 7272, TR M KIBICHEET 2 Z LR TE T2,

L0 EWFERMA R IE, ARSI OERCHIE C b RO fIiED & HIZIFERS L E1 772
STHIHPE TR DONDDNE D D ETIRDVEN DD, FIRAC, FA LR ADHBRCHZE REELE
(2 K> TR RO = S V5T DIV TV DIEE b b 5720, FERUUIZZZ O L) eqb20i-9 5L 5
WZWEEINZ 20N b L IEGHHTE L2 A CTIEL S VW BNARETH D,

ZUTHRETIL, ¥ — Mo 7o 1080 AROSIRAATRE LT,

T NORBEAEZ 720k, VIRRIOSERRA SR DORAREUET D Z LI TEeh o728 (#3-2) |
[P & BRI A L3 ERITsE L. (M3-1d, #3-3, 3-4) , JHABeEClL, mEZgel
BT T AT T 7R, SRS -0 1 L, EOSRIRIMATHED LTS, REDZERSIKGNE
ALT=T 7 U TR T2 SRR CE e o TR 1 E, AROFERE—B L Qb 207z, T3
T NG F T2 COEHAARERS -2 PR LT AT X ATREZRRR D 285 A B LT3, B 7Ky B liiR &
ZRET 2 Z LIXTET, DI DVRIRFER CE A BIERAAR T ST rREMD B D, DT80, L
FEE 71 3 F IASEA & FRIEA & I RAE L OBV B L 722 & T, B 50 CBREA| & ik %
—HHRE L CRITIE, BIVBEL RSN L ThH, BT as— M CHERBRFTE7 (X 3-1e, &3~
6. 3-7) , LIEN-T, /&l — MBS T-0E, YIVEEL7-ZE/IC b TE DR BRES/KS )%
BRNE D ITEEETL O MED BT,

INSTe— MEASTHE T AR RET DL, BIZIE— RRAE—EE 2R, B fED~ o A
FE T2 XEESSEET VLD LI EZE L, FRHOAMI TR TE 2 L )15,
C57BL/6N i C3H/He bt/ EDIIASH~ 7 AL, B FUZERFOVERE, it —o v A2 <
WHIDFFTH Y | IBSRORE I, MROBHECRAFEAI L, SRHHEH R D2V il T 5, AF
TlE— FCHRMRT LT 4 BTN CO~ U ARG T CREF A5 Z LICHF LTZ7=8 (3-5) | AL
T V< ORFERR, ERSEOIFEIZEISHTE 57259,

LUIRIN D, TSR~ U ADAFERAN L, AHERD~ T A & e~ RIMBIEICTL . FEFER BN &8
WhESN TS, FH1ETIE, HTAT 7RIV TR LTIASR~ T ARG T OREf
BN PN —RZLHTUETDHZ EEHLNI L, v — MMELIZESSRIE - CTh, Fle—A%
INZ T BB IR U CHEF 21D Z ENTE 2D (3-5) | blo—X IR, ISR~ 7 A
DRI 2 BIMRGTT D56, IMERADENNZ L O TIRFATRHE LIRS & LRIt 5725
Do
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&

s

B TOIRAFEARE, RPESCATEHBIENR,. AFFED T DI STV iB s T SRR OMERE, Z L CH
WSEIEFEDURGE 2 & IR EOARERIS KONIED E A DR A SR 525 D5 TR EI2WEIN Th 5,
IINET, RIEEROT 4 —7 7 U —P—F OGRS & LD, IRIRESESE ) DG
HINERRODWICT AT LOFFIVET D & BRIEIIHERF CE 72 oo T L E SR, WREIRFClIE
9 LCHIRRT 5 Z LN TE I oTz, WAARESGEERAZIL, BT TR FE SV QRS T3
WEHI & CAanBiliint SAVER E AR08, ARIRFOIIRATFERL DI Le, ZOFFNZLY | NTEEY
U= 23U, ISR T ORMECIRAT A7 L QO DSBS S S, R T ORI
BIRS AT DR 5 X 91272 > TE DS, AR R TlI e h - T,

FET-ORFINZIL, BHRECRAFELIINT, IR~ A 7 mle AR U TRz 7 B B D HAL T
D05, Fol R AR EOMERA L IR E S e 2 B D,

FEF-OEFETIRRAFHAT L, 1998 4EIC Wakayama 5723 \T A REEHIBTAIZER CHEFU ST CTlEh L,
2018 R ITFEAEHT T AT TRz D 2 & T HLOS [ LoF T TAELLESIRIRFTE D L D127
STz, IHITE, FlfEE 3L DA7eW K D e RE BRSO TR CHOIRMFCE A Z L BT
2o TND, LOALARDS B, K T EEHEZER T 57200 C, HifieRIEDS G & Ik U, Wpisdsarsts
OFEFEPZE LMK F L TLE D, I RS K > AT L E-Th, TG 23U
PRS0 Z LINTE D73, SIS TR T DNA IZH A—U RN ASTWATZDIT, TESERsIROPE
FERITHHRES 72 VA S U CE LR 5 Z i s h g,

F1FE T, RIS T IE T A — V235 Z L 2 E LT, R HRERIC N Loe
— AL L TR F OB ZAT T2, 7208, BEHERBE R O L EFROIR T 2 < & 1T
TET, RSHRERELORE T- DNA OEEERICH b Lo —RZ K TR DI oTe 2 &b,

R LN — AR T2 7T IR 5720 CH, SRR 5 A — U D - ORI DNA % k
LN —RIRGETE N LD BN TeoTz, & ZAD, 1 AROZERATFEZIC ICR RO
R T2 W CBIEAGE 21T O & | BESIRUREAI I3 DIV T B e —RIZ K D EROUGES)
FIMFOIZ, R =R TREDSRE V26D, ORI R TR R E N ~AD 2
LIXTERNOLEZ BNDM, X 1T OB Z T 2% b ShCnd, 707 UNND
DFERTRZELR DRI L. BTOT T MUXDBDZEZNEENTNDT2H, kL a—2ORI
T T NNIR ST T BDZELRN ORE T HRET D O 2 TR TR Ch D LEZ biILD, ZORE
& 3 7 AMEEIRORE LTSGR O FAZIRBWTBEEIC A DIV, L LD G, 3 7 AMOSEIRAFORE
JUT, H5 7 DNA OEEFRIZOVW RN TAD & BERITR S R E ZRUGENRDME DT BON R DHHE
HIBERG T CdhoTh, K 1 DNA OEZERIZEUIA IR Tz, ZIVHORERIE, FEROUGEI T DT
MoTz b LN — AT L DRGNS FORENROIER UL, K1 DNA LSNOMIIE R 2 n 2 & %
TS D, 1208, ZORITIE3 # HRIO=SRFE R DPEFRIZONWT, 7 r—X Far=— ICR F#HD
K172 FWTSGEDI N L —ZDOBENFDMEAFHIVTVRNT & | AFEIHROAS M EA~ DD
TRV V& SIVDHEHERD BDF1 HHE Tl b LN —RIZ KD EFROUGENRIMG DI L) T &I
T, AH=ALEFPITER, F72ICR RO T2 WG, 1 7 ARMFEOREITIL F L —X(T
SO TEFRPUGELZIZHI DD LT, 3 » ARGFEORETIEL. M rm—R L AUE R A LN
lpotzy ZOIFED, Fm—REUWINLAR - T2358 5 2D 9 b TR EV RIS ONT- DI
ICR SAARODBHERIRNG T Cloo - BRI, WSS T-0Maz 51 v NEITERT 5 REME S B 2 HALDD3,
7 2R 2 AIZE CIIA DN TE e o T, B L1, AGlan R OVSE B S 5
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M () 7. FuNm—RZL U8 & T AHURGER| & OFEE 03 0 B EARE LTG0, s 1 & RS
FET-OREFRS0, VERIER) ORI 2B~ T2 FROHES 2. AT & B DRI Chld2
VERHDHIEA D,

WIZ, TRCOHTAT TR, RS s E2e L E ST 7 U Cho7- & LT
HIMEDZEZKDVEFND Z & BRI T OFIRPIRIEA DL S D Z L3, TR
1 DRI Sy oTe, Flo, T OURRIERAFEIM AERE N TE 727 7V 7 A8 T7-50

BN LR L, F T2 RFETE el laoCLE IR H T,
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SUMMARY OF DISSERTATION

TITLE: Development of the sheet preservation method for freeze-dried

mice spermatozoa and attempts at long-term preservation

NAME: Daiyu Ito

Freeze-drying technique of spermatozoa is a simple and safe preservation technique that allows mammalian
genetic resources to be stored at room temperature without the use of liquid nitrogen or deep freezers. However,
the birth rate of embryos produced by Intracytoplasmic sperm injection (ICSI) using freeze-dried (FD) sperm is
significantly lower than that of embryos produced from fresh sperm. In addition, the storage of FD sperm at room
temperature requires the use of glass ampoules in which a vacuum condition is maintained, but there are concerns
that the ampoules may be broken due to errors in their preparation or by being dropped.

In Chapter 1, the optimal concentration and protective effect of trehalose as a protective agent for FD mouse
sperm during room temperature storage were examined. As the results, it was found that trehalose was not
effective in protecting sperm from the damage caused by the freeze-drying process itself. However, when FD
sperm were stored at room temperature for more than one month with trehalose, the blastocyst rate was
significantly improved (56-63% vs. 29%) compared to those stored without trehalose, and the optimal
concentration of trehalose was 0.5 M. Importantly, a significant protective effect of 0.5 M trehalose was obtained
when sperm from inbred mice (C57BL/6N, C3H/He, and 129/Sv) were stored at room temperature for 3 months
(26-28% vs. 6-11%). However, when the DNA damage of FD sperm was examined by y-H2A X staining,
trehalose had no protective effect on sperm DNA. These results indicate that trehalose protects other factors
besides DNA during long-term storage at room temperature of FD sperm. It was also suggested that air and
moisture, which inevitably remain in the glass ampoule, may have slightly degraded the quality of the sperm
during storage at room temperature.

In Chapter 2, it was attempted to develop a method of storing FD sperm between thin plastic sheets without
using glass ampoules, and to produce offspring using this technique. Weighing paper, plastic sheets, wrapping
film, Washi (Japanese traditional paper), oblongs, and filter paper were used as receptacles for the freeze-drying
process of sperm suspensions. The sperm suspension was dropped onto the above materials (e.g. Weighing paper)
floating on the liquid nitrogen surface, frozen for 10 minutes, and immediately dried in LABCONCO FreezOne
2.5® for 6 hours. After the freeze-drying treatment, the material on which the sperm were placed was laminated
and stored at -30°C for several days to one month. The sperm collecting rate after rehydration, the developmental
and offspring rates after ICSI, and the DNA damage rate were examined. As the results, we succeeded in

efficiently collecting FD sperm and in obtaining the offspring (rate: 21%) after one-month preservation when
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Weighing paper was used as a receptacle. The developmental rate and DNA damage were comparable to those of
FD sperm stored in glass ampoules.

In order to further investigate the transition in the developmental ability when FD sperm between plastic sheets
were preserved at -30°C and room temperature, respectively, ICSI embryos were produced after storage for 1-3
days, 1 week, 1 month, and 3 months at -30°C, and for 1 day, 3 days, and 3 days at room temperature, respectively.
As the results, the fertilization rate, the developmental rate to the 2-cell stage, and the birth rate did not decrease
after 3 months of storage at -30°C, and healthy offspring were successfully obtained. On the other hand, when FD
sperm contained in the sheets was stored at room temperature, the fertilization rate and the developmental rate to
the 2-cell stage decreased with the number of days of storage, and we succeeded in producing pups from sperm
stored for up to 3 days.

With the aim of practical application of sheet preservation method for FD sperm at room temperature, in Chapter
3, at first, it was examined whether sheet preservation method could be used to transport sperm easily by simply
attaching them to a postcard. In the past, liquid nitrogen has been used to transport sperm, but this requires special
containers such as tanks and dry sippers, special charges for transportation, and the work is accompanied by the
fear of asphyxiation and injury due to ultra-low temperatures. The sheets with sperm sandwiched between them
were pasted on postcards or put in envelopes and mailed inside Yamanashi Prefecture or to University of
Yamanashi from University of Tokyo (Chiba Prefecture). As a control, the sheets were stored at room temperature
in the laboratory for the same period as the mailing. The collected sperm were used for ICSI, and developmental
rates were examined. Both mailings within Yamanashi Prefecture and between Chiba and Yamanashi Prefecture
arrived within 2 days. The offspring rates of the mailed sperm (in-prefecture: 2 pups, 4%; Chiba-Yamanashi: 4
pups, 7%) were not different from that of the control (2 pups, 3%), which were stored at room temperature in the
lab. Therefore, the sheet preservation method of FD sperm could be used as a convenient technique for
transporting of sperm, eliminating the cost, labor, and risk involved in conventional transportation of sperm in
liquid nitrogen.

However, since we had not succeeded in preserving sperm using the sheets at room temperature for more than
one week, it was next examined the several types of plastic sheet. No matter which types of sheets were used, the
developmental ability of sperm after 1 week preservation at room temperature was significantly decreased
compared with that of sperm preserved at -30°C. Therefore, it was tried to improve the condition by placing the
oxygen absorber and desiccant in a pouch-like plastic sheet and by adding 0.5 M trehalose to the sperm
suspension. As a result of storing FD sperm with only the oxygen absorber together at room temperature for one
week, the oxygen absorber adsorbed oxygen but emitted moisture, and the FD sperm, which were in rehydrated
state, stuck to the weighing paper and could not be collected after storage. As a result of adding only desiccant,
sperm were successfully collected, and some ICSI embryos developed to the 4-cell stage, but blastocysts were not
obtained. Then, the fertilization rate and the development rate to the blastocyst stage were markedly improved as a
result of storing FD sperm using both the deoxidant and desiccant. Furthermore, when FD sperm prepared by
adding 0.5 M trehalose were preserved in the sheets at room temperature for 3-month using the above method,
pups were successfully produced using FD sperm from all four strains ICR, BCF1, B6N, and C3H).

However, since this method creates thickness and weight in the sheets, it was examined whether FD sperm could
be stored at room temperature even after oxygen absorber and desiccant, which were kept inside the pouch sheet

for several days immediately after the lyophilization process, were detached from that sheet. The FD sperm were
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stored with oxygen absorber and desiccant for 1 day or 3-5 days, and then the sheets were welded with a sealer
between the weighing paper containing the FD sperm and the oxygen absorber and desiccant to detach them.

After ICSI performed following one week of room temperature storage of sperm, as a result, the developmental
rate up to the blastocyst stage showed no decrease regardless of the durations until the detachment. Finally, we
demonstrated that above method could be used to produce offspring from FD sperm both ICR and B6 strains after
more than 1-month preservation at room temperature.

The demand for animal sperm preservation technology is increasing all over the world, and the preservation of a
huge number of sperm is necessary to maintain a rich diversity of genetic resources. However, if sperm can be
managed in albums using the method of this study, no matter how the sample volume of sperm was large, it can
be managed compactly and inexpensively without using liquid nitrogen tanks or deep freezers. Furthermore, it
would enable the easy and low-cost distribution of such as genetically modified strains between laboratories,
which would be useful for the smooth execution of the research internationally collaborated.

However, if this method were to be abused, for example, if Wagyu sperm were pasted on postcards and illegally
exported overseas, it would be difficult to detect in quarantine, and could even facilitate the illegal outflow of
valuable genetic resources. For putting this method into practical use, it is essential to improve the technology,
including evaluation of sperm stored for longer period and verification of international transportation, as well as to

establish international laws, such as international registration of stored sperm and mandatory use records.

91



A

ATRIEOUERT, SFTRIDYE, AT ) $bis ZHRH 72 % & LTI R T
Sr— HABEHEE, FINEE, BRI EmIIEFo 5 LT L0, B,
SEHMEIE, SRBORIARE, AR, I BIR, A FORRER, APy s, M,
B RISV TAERIOSA . IR VAR, RGBT R
HTRIEDRRE BRI AR EIEER, ~ v AR o\ T SRR o720 ol L BLK
PR DRI Y E RS A, I TFRRS AME LA L TS, $72, 8 1Bl
LT TSR IWIE VT ISR TG, AR () AT, 2 L CARRIEOME IR L S v
FRAET ST 5 — DI, [, BB L P £

92



ZE LK

1)
©)

&)

@

©)

©)

¥

®)

©)

(10)

11

(12)

(13)

(14)

(15)

(16)

17

(18)

(19)

Kiihnert, B.; Nieschlag, E. Reproductive functions of the ageing male. Hum Reprod Update 2004, 10 (4), 327.
Wakayama, S.; Kishigami, S.; Van Thuan, N.; Ohta, H.; Hikichi, T.; Mizutani, E.; Yanagimachi, R.;
Wakayama, T. Propagation of an infertile hermaphrodite mouse lacking germ cells by using nuclear transfer
and embryonic stem cell technology. Proc Natl Acad Sci U S A 2005, 102 (1), 29.

Jamsai, D.; OBryan, M. K. Mouse models in male fertility research. Asian J Androl 2011, 13 (1), 139.

Hirota, T.; Ohta, H.; Powell, B. E.; Mahadevaiah, S. K.; Ojarikre, O. A.; Saitou, M.; Turner, J. M. A. Fertile
offspring from sterile sex chromosome trisomic mice. Science 2017, 357 (6354), 932.

Yanagimachi, R. Mysteries and unsolved problems of mammalian fertilization and related topics. Biol Reprod
2022, 106 (4), 644.

Davis, T. C.; White, R. R. Breeding animals to feed people: The many roles of animal reproduction in ensuring
global food security. Theriogenology 2020, 150,27.

Grétter, L. G.; Cattaneo, L.; Marini, P. E.; Kjelland, M. E.; Ferr¢, L. B. Recent advances in bovine sperm
cryopreservation techniques with a focus on sperm post-thaw quality optimization. Reprod Domest Anim 2019,
54 (4),0655.

Lautz, T. B.; Burns, K.; Rowell, E. E. Fertility Considerations in Pediatric and Adolescent Patients Undergoing
Cancer Therapy. Surg Oncol Clin N Am 2021, 30 (2), 401.

Thomton, C. E.; Brown, S. D.; Glenister, P. H. Large numbers of mice established by in vitro fertilization with
cryopreserved spermatozoa: implications and applications for genetic resource banks, mutagenesis screens, and
mouse backcrosses. Mamm Genome 1999, 10 (10), 987.

Fickel, J.; Wagener, A.; Ludwig, A. Semen cryopreservation and the conservation of endangered species.
European Journal of Wildlife Research 2007, 53 (2), 81.

Benson, J. D.; Woods, E. J.; Walters, E. M.; Ccritser, J. K. The cryobiology of spermatozoa. Theriogenology
2012, 78 (8), 1682.

Van Thuan, N.; Wakayama, S.; Kishigami, S.; Wakayama, T. New Preservation Method for Mouse
Spermatozoa Without Freezing]. Biology of Reproduction 2005, 72 (2), 444.

Yanagimachi, R. The movement of golden hamster spermatozoa before and after capacitation. J Reprod Fertil
1970, 23 (1), 193.

Iwamatsu, T.; Chang, M. C. In vitro fertilization of mouse eggs in the presence of bovine follicular fluid. Nature
1969, 224 (5222),919.

Yanagimachi, R.; Chang, M. C. FERTILIZATION OF HAMSTER EGGS IN VITRO. Nature 1963, 200,
281.

Luyet, B. J.; Hodapp, E. L. Revival of Frog's Spermatozoa Vitrified in Liquid Air. Proceedings of the Society
for Experimental Biology and Medicine 1938, 39 (3), 433.

Polge, C.; Smith, A. U.; Parkes, A. S. Revival of spermatozoa after vitrification and dehydration at low
temperatures. Nature 1949, 164 (4172), 666.

Lovelock, J. E.; Bishop, M. W. Prevention of freezing damage to living cells by dimethyl sulphoxide. Nature
1959, 183 (4672), 1394.

Bojic, S.; Murray, A.; Bentley, B. L.; Spindler, R.; Pawlik, P.; Cordeiro, J. L.; Bauer, R.; de Magalhdes, J. P.
Winter is coming; the future of cryopreservation. BMC Biol 2021, 19 (1), 56.

93



(20)

2D

(22)

23)

24)

(25

(26)

27

(28)

(29)

30)

@D

32)

33)

(34

39

(36)

37
38)

39

Rodriguez-Wallberg, K. A.; Waterstone, M.; Anastacio, A. Ice age: Cryopreservation in assisted reproduction -
An update. Reprod Biol 2019, 19 (2), 119.

Yanez-Ortiz, L; Catalan, J.; Rodriguez-Gil, J. E.; Mir, J.; Yeste, M. Advances in sperm cryopreservation in
farm animals: Cattle, horse, pig and sheep. Anim Reprod Sci 2022, 246, 106904.

Penfold, L. M.; Moore, H. D. A new method for cryopreservation of mouse spermatozoa. J Reprod Fertil 1993,
99(1),131.

Fuller, S. J.; Whittingham, D. G. Effect of cooling mouse spermatozoa to 4 degrees C on fertilization and
embryonic development. J Reprod Fertil 1996, 108 (1), 139.

Songsasen, N.; Betteridge, K. J.; Leibo, S. P. Birth of live mice resulting from oocytes fertilized in vitro with
cryopreserved spermatozoa. Biol Reprod 1997, 56 (1), 143.

Songsasen, N.; Leibo, S. P. Cryopreservation of mouse spermatozoa. 1. Effect of seeding on fertilizing ability of
cryopreserved spermatozoa. Cryobiology 1997, 35 (3), 240.

Songsasen, N.; Leibo, S. P. Cryopreservation of mouse spermatozoa. II. Relationship between survival after
cryopreservation and osmotic tolerance of spermatozoa from three strains of mice. Cryobiology 1997, 35 (3),
255.

Tada, N.; Sato, M.; Yamanoi, J.; Mizorogi, T.; Kasai, K.; Ogawa, S. Cryopreservation of mouse spermatozoa in
the presence of raffinose and glycerol. J Reprod Fertil 1990, 89 (2), 511.

Takeshima, T.; Nakagata, N.; Ogawa, S. [Cryopreservation of mouse spermatozoa). Jikken Dobutsu 1991, 40
(4),493.

Nakagata, N.; Matsumoto, K.; Anzai, M.; Takahashi, A.; Takahashi, Y.; Matsuzaki, Y.; Miyata, K.
[Cryopreservation of spermatozoa of a transgenic mouse]. Jikken Dobutsu 1992, 41 (4), 537.

Nakagata, N. Production of normal young following insemination of frozen-thawed mouse spermatozoa into
fallopian tubes of pseudopregnant females. Jikken Dobutsu 1992, 41 (4), 519.

Nakagata, N. Production of normal young following transfer of mouse embryos obtained by in vitro fertilization
between cryopreserved gametes. J Reprod Fertil 1993, 99 (1), 77.

Nakagata, N. Use of cryopreservation techniques of embryos and spermatozoa for production of transgenic
(Tg) mice and for maintenance of Tg mouse lines. Lab Anim Sci 1996, 46 (2), 236.

Marschall, S.; Huffstadt, U.; Balling, R.; Hrabé de Angelis, M. Reliable recovery of inbred mouse lines using
cryopreserved spermatozoa. Mamm Genome 1999, 10 (8), 773.

Sztein, J. M.; Takeo, T.; Nakagata, N. History of cryobiology, with special emphasis in evolution of mouse
sperm cryopreservation. Cryobiology 2018, 82, 57.

Nakata, K.; Yoshida, K.; Yamashita, N. Preclinical evaluation of a new cryopreservation container for a limited
number of human spermatozoa. J Reprod Dev 2019, 65 (4), 297.

Mochida, K.; Hasegawa, A.; Shikata, D.; Itami, N.; Hada, M.; Watanabe, N.; Tomishima, T.; Ogura, A. Easy
and quick (EQ) sperm freezing method for urgent preservation of mouse strains. Sci Rep 2021, 11 (1), 14149.
Kimura, Y; Yanagimachi, R. Intracytoplasmic sperm injection in the mouse. Biol Reprod 1995, 52 (4), 709.
Ohta, H.; Sakaide, Y.; Wakayama, T. Long-term preservation of mouse spermatozoa as frozen testicular
sections. J Reprod Dev 2008, 54 (4), 295.

Wakayama, T.; Whittingham, D. G.; Yanagimachi, R. Production of normal offspring from mouse oocytes
injected with spermatozoa cryopreserved with or without cryoprotection. J Reprod Fertil 1998, 112 (1), 11.

94



(40)

(D)

“2)

3)

“4)

45)

(46)

@7)

43)

“9)

(50)

G

(52)

(53)

(4)

(55

(56)

Lee, K. B.; Niwa, K. Fertilization and development in vitro of bovine oocytes following intracytoplasmic
injection of heat-dried sperm heads. Biol Reprod 2006, 74 (1), 146.

Sitaula, R.; EImoazzen, H.; Toner, M.; Bhowmick, S. Desiccation tolerance in bovine sperm: a study of the
effect of intracellular sugars and the supplemental roles of an antioxidant and a chelator. Cryobiology 2009, 58
(3),322.

Sitaula, R.; Guo, M.; Bhowmick, S. Developing a predictive tool for reactive oxygen species damage during
bovine sperm storage at ambient temperature. Biopreserv Biobank 2009, 7 (2), 95.

Alonso, A.; Baca Castex, C.; Ferrante, A.; Pinto, M.; Castafieira, C.; Trasorras, V.; Gambarotta, M. C.; Losinno,
L.; Miragaya, M. In vitro equine embryo production using air-dried spermatozoa, with different activation
protocols and culture systems. Andrologia 2015, 47 (4), 387.

Li, X. X;; Diao, Y. F.; Wei, H. J.; Wang, S. Y.; Cao, X. Y.; Zhang, Y. F.; Chang, T.; Li, D. L.; Kim, M. K.; Xu,
B. Tauroursodeoxycholic acid enhances the development of porcine embryos derived from in vitro-matured
oocytes and evaporatively dried spermatozoa. Sci Rep 2017, 7 (1), 6773.

Carretero, M. I; Chaves, M. G.; Arraztoa, C. C.; Fumuso, F. G.; Gambarotta, M. C.; Neild, D. M. Air-Drying
Llama Sperm Affects DNA Integrity. Front Vet Sci 2020, 7, 597952.

Brogna, R; Fan, J.; Sieme, H.; Wolkers, W. F.; Oldenhof, H. Drying and temperature induced conformational
changes of nucleic acids and stallion sperm chromatin in trehalose preservation formulations. Sci Rep 2021, 11
(1), 14076.

Carretero, M. I; Arraztoa, C. C.; Fumuso, F. G.; Chaves, M. G.; Santa Cruz, R. C.; Neild, D. M. Dehydration of
llama sperm using different osmolarity media and temperatures for preservation. Anim Reprod Sci 2021, 225,
106683.

Bhowmick, S.; Zhu, L.; McGinnis, L.; Lawitts, J.; Nath, B. D.; Toner, M.; Biggers, J. Desiccation tolerance of
spermatozoa dried at ambient temperature: production of fetal mice. Biol Reprod 2003, 68 (5), 1779.
McGinnis, L. K.; Zhu, L.; Lawitts, J. A.; Bhowmick, S.; Toner, M.; Biggers, J. D. Mouse sperm desiccated and
stored in trehalose medium without freezing, Biol Reprod 2005, 73 (4), 627.

Li, M. W.; Biggers, J. D.; Elmoazzen, H. Y.; Toner, M.; McGinnis, L.; Lloyd, K. C. Long-term storage of
mouse spermatozoa after evaporative drying. Reproduction 2007, 133 (5), 919.

Elmoazzen, H. Y.; Lee, G. Y.; Li, M. W.; McGinnis, L. K.; Lloyd, K. C.; Toner, M.; Biggers, J. D. Further
optimization of mouse spermatozoa evaporative drying techniques. Cryobiology 2009, 59 (1), 113.

Liu, J; Lee, G. Y.; Lawitts, J. A.; Toner, M.; Biggers, J. D. Preservation of mouse sperm by convective drying
and storing in 3-O-methyl-D-glucose. PLoS One 2012, 7 (1), €29924.

Lee, K. B.; Park, K. E.; Kwon, L. K_; Tripurani, S. K.; Kim, K. J.; Lee, J. H.; Niwa, K_; Kim, M. K. Develop to
term rat oocytes injected with heat-dried sperm heads. PLoS One 2013, 8 (11), €78260.

Patrick, J. L.; Elliott, G. D.; Comizzoli, P. Structural integrity and developmental potential of spermatozoa
following microwave-assisted drying in the domestic cat model. Theriogenology 2017, 103, 36.

Lee, P. C.; Zahmel, J.; Jewgenow, K.; Comizzoli, P. Desiccated cat spermatozoa retain DNA integrity and
developmental potential after prolonged storage and shipping at non-cryogenic temperatures. J Assist Reprod
Genet 2022, 39 (1), 141.

Klooster, K. L.; Burruel, V. R.; Meyers, S. A. Loss of fertilization potential of desiccated rhesus macaque
spermatozoa following prolonged storage. Cryobiology 2011, 62 (3), 161.

95



(7

(58)

(9)

(60)
61)
(62)
(63)
©4)
(65)

(66)

©7)
(68)

(©9)

(70)

(7D

(72)

(73)

(74)

(75)

(76)

Ushigome, N.; Wakayama, S.; Yamaji, K.; Ito, D.; Ooga, M.; Wakayama, T. Production of offspring from
vacuum-dried mouse spermatozoa and assessing the effect of drying conditions on sperm DNA and embryo
development. J Reprod Dev 2022, 68 (4), 262.

Saragusty, J.; Loi, P. Exploring dry storage as an alternative biobanking strategy inspired by Nature.
Theriogenology 2019, 126, 17.

Comizzoli, P.; Amelkina, O.; Lee, P. C. Damages and stress responses in sperm cells and other germplasms
during dehydration and storage at nonfreezing temperatures for fertility preservation. Mol Reprod Dev 2022,
DOI:10.1002/mrd.23651 10.1002/mrd.23651.

Liu, J; Lee, G. Y.; Lawitts, J. A.; Toner, M.; Biggers, J. D. Live pups from evaporatively dried mouse sperm
stored at ambient temperature for up to 2 years. PLoS One 2014, 9 (6), €99809.

Gil, L.; Olaciregui, M.; Lufio, V.; Malo, C.; Gonzilez, N.; Martinez, F. Current status of freeze-drying
technology to preserve domestic animals sperm. Reprod Domest Anim 2014, 49 Suppl 4, 72.

Flosdorf, E. W.; Mudd, S. Procedure and Apparatus for Preservation in “Lyophile” form of Serum and Other
Biological Substances. The Journal of Immunology 1935, 29 (5), 389.

Sherman, J. K. Freezing and freeze-drying of human spermatozoa. Fertil Steril 1954, 5 (4), 357.

Sherman, J. K. Freezing and freeze-drying of bull spermatozoa. Am J Physiol 1957, 190 (2), 281.

Saacke, R. G.; Almquist, J. O. Freeze-drying of bovine spermatozoa. Nature 1961, 192, 995.

Sherman, J. K. Improved methods of preservation of human spermatozoa by freezing and freeze-drying. Fertil
Steril 1963, 14, 49.

Larson, E. V.; Graham, E. F. Freeze-drying of spermatozoa. Dev Biol Stand 1976, 36, 343.

Jeyendran, R. S.; Hunter, A. G.; Graham, E. F. Alteration of seminal proteins during freeze-drying of bovine
semen. J Dairy Sci 1983, 66 (4), 887.

Wakayama, T.; Yanagimachi, R. Development of normal mice from oocytes injected with freeze-dried
spermatozoa. Nat Biotechnol 1998, 16 (7), 639.

Bossi, R. L.; Cabral, M.; Oliveira, M.; Lopes, S.; Hurtado, R.; Sampaio, M.; Geber, S. Ultrastructural analysis of
Lyophilized Human Spermatozoa. JBRA Assist Reprod 2021, 25 (3),473.

Shahmoradi, E.; Baheiraei, N.; Halvaei, I. Trehalose Attenuates Detrimental Effects of Freeze-Drying on
Human Sperm Parameters. Biopreserv Biobank 2022, 20 (1), 31.

Olaciregui, M.; Luiio, V.; Domingo, P.; Gonzalez, N.; Gil, L. In vitro developmental ability of ovine oocytes
following intracytoplasmic injection with freeze-dried spermatozoa. Sci Rep 2017, 7 (1), 1096.

Palazzese, L.; Gosalvez, J.; Anzalone, D. A.; Loi, P.; Saragusty, J. DNA fragmentation in epididymal
freeze-dried ram spermatozoa impairs embryo development. J Reprod Dev 2018, 64 (5), 393.

Kwon, I. K.; Park, K. E.; Niwa, K. Activation, pronuclear formation, and development in vitro of pig oocytes
following intracytoplasmic injection of freeze-dried spermatozoa. Biol Reprod 2004, 71 (5), 1430.

Nakai, M.; Kashiwazaki, N.; Takizawa, A.; Maedomari, N.; Ozawa, M.; Noguchi, J.; Kaneko, H.; Shino, M.;
Kikuchi, K. Effects of chelating agents during freeze-drying of boar spermatozoa on DNA fragmentation and
on developmental ability in vitro and in vivo after intracytoplasmic sperm head injection. Zygote 2007, 15 (1),
15.

Keskintepe, L.; Pacholczyk, G.; Machnicka, A.; Norris, K.; Curuk, M. A.; Khan, 1.; Brackett, B. G. Bovine
blastocyst development from oocytes injected with freeze-dried spermatozoa. Biol Reprod 2002, 67 (2), 409.

96



(77

(78)

()

(80)

@D

82)

@3)

@4

@5

(86)
@7

(88)

®9)

(©0)

O

©2)

©3)

©4)

Hara, H.; Abdalla, H.; Morita, H.; Kuwayama, M.; Hirabayashi, M.; Hochi, S. Procedure for bovine ICSI, not
sperm freeze-drying, impairs the function of the microtubule-organizing center. J Reprod Dev 2011, 57 (3), 428.
Olaciregui, M.; Lufio, V.; Gonzalez, N.; De Blas, L; Gil, L. Freeze-dried dog sperm: Dynamics of DNA
integrity. Cryobiology 2015, 71 (2), 286.

Watanabe, H.; Asano, T.; Abe, Y.; Fukui, Y.; Suzuki, H. Pronuclear formation of freeze-dried canine
spermatozoa microinjected into mouse oocytes. J Assist Reprod Genet 2009, 26 (9-10), 531.

Ringleb, J.; Waurich, R.; Wibbelt, G.; Streich, W. J.; Jewgenow, K. Prolonged storage of epididymal
spermatozoa does not affect their capacity to fertilise in vitro-matured domestic cat (Felis catus) oocytes when
using ICSI. Reprod Fertil Dev 2011, 23 (6), 818.

Kaneko, T.; Ito, H.; Sakamoto, H.; Onuma, M.; Inoue-Murayama, M. Sperm preservation by freeze-drying for
the conservation of wild animals. PLoS One 2014, 9 (11), e11338]1.

Hirabayashi, M.; Kato, M.; Tto, J.; Hochi, S. Viable rat offspring derived from oocytes intracytoplasmicalty
injected with freeze-dried sperm heads. Zygote 2005, 13 (1), 79.

Muneto, T.; Horiuchi, T. Full-term Development of Hamster Embryos Produced by Injecting Freeze-dried
Spermatozoa into Oocytes. Journal of Mammalian Ova Research 2011, 28 (1), 32.

Liu, J. L.; Kusakabe, H.; Chang, C. C.; Suzuki, H.; Schmidt, D. W.; Julian, M.; Pfeffer, R.; Bormann, C. L.;
Tian, X. C.; Yanagimachi, R.et al. Freeze-dried sperm fertilization leads to full-term development in rabbits.
Biol Reprod 2004, 70 (6), 1776.

Choi, Y. H.; Vamer, D. D.; Love, C. C.; Hartman, D. L.; Hinrichs, K. Production of live foals via
intracytoplasmic injection of lyophilized sperm and sperm extract in the horse. Reprodiuction 2011, 142 (4), 529.
Olaciregui, M.; Gil, L. Freeze-dried spermatozoa: A future tool? Reprod Domest Anim 2017, 52 Suppl 2, 248.
Kaneko, T.; Nakagata, N. Relation between storage temperature and fertilizing ability of freeze-dried mouse
spermatozoa. Comp Med 2005, 55 (2), 140.

Kawase, Y.; Araya, H.; Kamada, N.; Jishage, K.; Suzuki, H. Possibility of long-term preservation of
freeze-dried mouse spermatozoa. Biol Reprod 2005, 72 (3), 568.

Kawase, Y.; Suzuki, H. A study on freeze-drying as a method of preserving mouse sperm. J Reprod Dev 2011,
57(2),176.

Kaneko, T.; Serikawa, T. Long-term preservation of freeze-dried mouse spermatozoa. Cryobiology 2012, 64 (3),
211.

Kamada, Y.; Wakayama, S.; Shibasaki, L; Ito, D.; Kamimura, S.; Ooga, M.; Wakayama, T. Assessing the
tolerance to room temperature and viability of freeze-dried mice spermatozoa over long-term storage at room
temperature under vacuum. Sci Rep 2018, 8 (1), 10602.

Wakayama, S.; Ito, D.; Kamada, Y.; Yonemura, S.; Ooga, M.; Kishigami, S.; Wakayama, T. Tolerance of the
freeze-dried mouse sperm nucleus to temperatures ranging from -196 °C to 150 °C. Sci Rep 2019, 9 (1), 5719.
Wakayama, S.; Kamada, Y.; Yamanaka, K.; Kohda, T.; Suzuki, H.; Shimazu, T.; Tada, M. N.; Osada, L;
Nagamatsu, A.; Kamimura, S.et al. Healthy offspring from freeze-dried mouse spermatozoa held on the
International Space Station for 9 months. Proc Natl Acad Sci U S A 2017, 114 (23), 5988.

Wakayama, S.; Ito, D.; Kamada, Y.; Shimazu, T.; Suzuki, T.; Nagamatsu, A.; Araki, R.; Ishikawa, T.;
Kamimura, S.; Hirose, N.et al. Evaluating the long-term effect of space radiation on the reproductive normality
of mammalian sperm preserved on the International Space Station. Sci Adv 2021, 7 (24).

97



©3)

%6)

©7

©8)

©9)

(100)

(101)

(102)

(103)

(104)

(105)

(106)

(107)

(108)

(109)

(110)

(111)

Ogura, A.; Matsuda, J.; Yanagimachi, R. Birth of normal young after electrofusion of mouse oocytes with
round spermatids. Proc Natl Acad Sci U 'S A 1994, 91 (16), 7460.

Kimura, Y; Yanagimachi, R. Mouse oocytes injected with testicular spermatozoa or round spermatids can
develop into normal offspring. Development 1995, 121 (8), 2397.

Ogura, A.; Suzuki, O.; Tanemura, K.; Mochida, K.; Kobayashi, Y.; Matsuda, J. Development of normal mice
from metaphase I oocytes fertilized with primary spermatocytes. Proc Natl Acad Sci U S A 1998, 95 (10), 5611.
Wakayama, T.; Perry, A. C.; Zuccotti, M.; Johnson, K. R.; Yanagimachi, R. Full-term development of mice
from enucleated oocytes injected with cumulus cell nuclei. Nature 1998, 394 (6691), 369.

Wakayama, T.; Rodriguez, I; Perry, A. C.; Yanagimachi, R.; Mombaerts, P. Mice cloned from embryonic
stem cells. Proc Natl Acad Sci U S A 1999, 96 (26), 14984.

Wakayama, T.; Yanagimachi, R. Mouse cloning with nucleus donor cells of different age and type. Mol Reprod
Dev2001, 58 (4), 376.

Yanagimachi, R. Fertilization and developmental initiation of oocytes by injection of spermatozoa and
pre-spermatozoal cells. Jtal J Anat Embryol 2005, 110 (2 Suppl 1), 145.

Wakayama, S.; Ito, D.; Hayashi, E.; Ishiuchi, T.; Wakayama, T. Healthy cloned offspring derived from
freeze-dried somatic cells. Nat Commun 2022, 13 (1), 3666.

Wakayama, S.; Ito, D.; Ooga, M.; Wakayama, T. Production of mouse offspring from zygotes fertilized with
freeze-dried spermatids. Sci Rep 2022, 12 (1), 18430.

Konno, S.; Wakayama, S.; Ito, D.; Kazama, K.; Hirose, N.; Ooga, M.; Wakayama, T. Removal of
remodeling/reprogramming factors from oocytes and the impact on the full-term development of cloned
embryos. Development 2020, 147 (15).

Kamimura, S.; Inoue, K.; Mizutani, E.; Kim, J. M.; Inoue, H.; Ogonuki, N.; Miyamoto, K.; Thashi, S.; Ttami, N.;
Wakayama, T.et al. Improved development of mouse somatic cell nuclear transfer embryos by chlamydocin
analogues, class I and Ila histone deacetylase inhibitorst. Biol Reprod 2021, 105 (2), 543.

Ogonuki, N.; Kyogoku, H.; Hino, T.; Osawa, Y.; Fujiwara, Y.; Inoue, K.; Kunieda, T.; Mizuno, S.; Tateno, H.;
Sugiyama, F.et al. Birth of mice from meiotically arrested spermatocytes following biparental meiosis in halved
oocytes. EMBO Rep 2022, 23 (7), €54992.

Sakamoto, M.; Ito, D.; Inoue, R.; Wakayama, S.; Kikuchi, Y.; Yang, L.; Hayashi, E.; Emura, R.; Shiura, H.;
Kohda, T.et al. Paternally inherited H3K27me3 affects chromatin accessibility in mouse embryos produced by
round spermatid injection. Development 2022, 149 (18).

Ward, M. A; Kaneko, T.; Kusakabe, H.; Biggers, J. D.; Whittingham, D. G.; Yanagimachi, R. Long-term
preservation of mouse spermatozoa after freeze-drying and freezing without cryoprotection. Biol Reprod 2003,
69 (6),2100.

Kusakabe, H.; Kamiguchi, Y. Ability to activate oocytes and chromosome integrity of mouse spermatozoa
preserved in EGTA Tris-HCI buffered solution supplemented with antioxidants. Theriogenology 2004, 62 (5),
897.

Kusakabe, H.; Yanagimachi, R.; Kamiguchi, Y. Mouse and human spermatozoa can be freeze-dried without
damaging their chromosomes. Hum Reprod 2008, 23 (2), 233.

Kusakabe, H. Chromosomal integrity and DNA damage in freeze-dried spermatozoa. Reprod Med Biol 2011,
10(4),199.

98



(112)

(113)

(114)

(115)

(116)

(117)

(118)

(119)

(120)

(121)

(122)

(123)

(124)

(125)

(126)

(127)

(128)

Kusakabe, H.; Tateno, H. Prevention of high-temperature-induced chromosome damage in mouse spermatozoa
freeze-dried using Ca(2-+) chelator-containing buffer alkalinized with NaOH or KOH. Cryobiology 2017, 79,
71.

Men, N. T.; Kikuchi, K.; Nakai, M.; Fukuda, A.; Tanihara, F.; Noguchi, J.; Kaneko, H.; Linh, N. V_; Nguyen, B.
X.; Nagai, T.et al. Effect of trehalose on DNA integrity of freeze-dried boar sperm, fertilization, and embryo
development after intracytoplasmic sperm injection. Theriogenology 2013, 80(9), 1033.

Olaciregui, M.; Lufio, V.; Gonzalez, N.; Domingo, P.; de Blas, 1; Gil, L. Chelating agents in combination with
rosmarinic acid for boar sperm freeze-drying. Reprod Biol 2017, 17 (3), 193.

Oldenhof, H.; Zhang, M.; Narten, K.; Bigalk, J.; Sydykov, B.; Wolkers, W. F.; Sieme, H. Freezing-induced
uptake of disaccharides for preservation of chromatin in freeze-dried stallion sperm during accelerated aging.
Biol Reprod 2017, 97 (6), 892.

Palazzese, L.; Anzalone, D. A.; Turri, F.; Faieta, M.; Donnadio, A.; Pizzi, F.; Pittia, P.; Matsukawa, K.; Loi, P.
Whole genome integrity and enhanced developmental potential in ram freeze-dried spermatozoa at mild
sub-zero temperature. Sci Rep 2020, 10 (1), 18873.

Kaneko, T.; Nakagata, N. Improvement in the long-term stability of freeze-dried mouse spermatozoa by adding
of a chelating agent. Cryobiology 2006, 53 (2), 279.

Woelders, H.; Matthijs, A.; Engel, B. Effects of trehalose and sucrose, osmolality of the freezing medium, and
cooling rate on viability and intactness of bull sperm after freezing and thawing. Cryobiology 1997, 35 (2), 93.
Barbas, J. P.; Mascarenhas, R. D. Cryopreservation of domestic animal sperm cells. Cell Tissue Bank 2009, 10
(1),49.

Zhu,Z.; Fan, X.; Pan, Y.; Lu, Y.; Zeng, W. Trehalose improves rabbit sperm quality during cryopreservation.
Cryobiology 2017, 75,45.

Dou, M,; Ly, C.; Sun, Z.; Rao, W. Natural cryoprotectants combinations of I-proline and trehalose for red blood
cells cryopreservation. Cryobiology 2019, 91, 23.

Boothby, T. C.; Tapia, H.; Brozena, A. H.; Piszkiewicz, S.; Smith, A. E.; Giovannini, L; Rebecchi, L.; Pielak, G.
J.; Koshland, D.; Goldstein, B. Tardigrades Use Intrinsically Disordered Proteins to Survive Desiccation. Mol
Cell 2017, 65 (6), 975.

Elbein, A. D.; Pan, Y. T; Pastuszak, I.; Carroll, D. New insights on trehalose: a multifunctional molecule.
Glycobiology 2003, 13 (4), 17r.

Gordon, J. W.; Ruddle, F. H. Integration and stable germ line transmission of genes injected into mouse
pronuclei. Science 1981, 214 (4526), 1244.

Quinn, P.; Moinipanah, R.; Steinberg, J. M.; Weathersbee, P. S. Successful human in vitro fertilization using a
modified human tubal fluid medium lacking glucose and phosphate ions. Fertil Steril 1995, 63 (4), 922.
Kusakabe, H.; Szczygiel, M. A.; Whittingham, D. G.; Yanagimachi, R. Maintenance of genetic integrity in
frozen and freeze-dried mouse spermatozoa. Proc Natl Acad Sci U S A 2001, 98 (24), 13501.

Chatot, C. L.; Lewis, J. L.; Torres, L; Ziomek, C. A. Development of 1-cell embryos from different strains of
mice in CZB medium. Biol Reprod 1990, 42 (3),432.

Fermandez-Capetillo, O.; Lee, A.; Nussenzweig, M.; Nussenzweig, A. H2AX: the histone guardian of the
genome. DNA Repair (Amst) 2004, 3 (8-9), 959.

99



(129)

(130)

(131)

(132)

(133)
(134)

(135)
(136)

(137)

(138)

(139)

(140)

(141)

(142)

Hara, H.; Tagiri, M.; Hwang, 1. S.; Takahashi, M.; Hirabayashi, M.; Hochi, S. Adverse effect of cake collapse
on the functional integrity of freeze-dried bull spermatozoa. Cryobiology 2014, 68 (3), 354.

Sieme, H.; Oldenhof, H.; Wolkers, W. F. Mode of action of cryoprotectants for sperm preservation. Anim
Reprod Sci 2016, 169, 2.

Oku, K.; Watanabe, H.; Kubota, M.; Fukuda, S.; Kurimoto, M.; Tsujisaka, Y.; Komori, M.; Inoue, Y.; Sakurai,
M. NMR and quantum chemical study on the OH...pi and CH...O interactions between trehalose and
unsaturated fatty acids: implication for the mechanism of antioxidant function of trehalose. J Am Chem Soc
2003, 125 (42), 12739.

Cordone, L.; Cottone, G.; Giuffiida, S.; Palazzo, G.; Venturoli, G.; Viappiani, C. Internal dynamics and
protein-matrix coupling in trehalose-coated proteins. Biochim Biophys Acta 2005, 1749 (2), 252.

Jain, N. K.; Roy, L. Effect of trehalose on protein structure. Protein Sci 2009, 18 (1), 24.

Olsson, C.; Jansson, H.; Swenson, J. The Role of Trehalose for the Stabilization of Proteins. J Phys Chem B
2016, 120 (20),4723.

Best, B. P. Cryoprotectant Toxicity: Facts, Issues, and Questions. Rejuvenation Res 2015, 18 (5), 422.

Li, C.; Mizutani, E.; Ono, T.; Wakayama, T. Production of normal mice from spermatozoa denatured with high
alkali treatment before ICSI. Reproduction 2009, 137 (5), 779.

Li, C.; Mizutani, E.; Ono, T.; Wakayama, T. An efficient method for generating transgenic mice using
NaOH-treated spermatozoa. Biol Reprod 2010, 82 (2), 331.

Lynch, A. L.; Chen, R.; Dominowski, P. J.; Shalaev, E. Y.; Yancey, R. J., Jr.; Slater, N. K. Biopolymer
mediated trehalose uptake for enhanced erythrocyte cryosurvival. Biomaterials 2010, 31 (23), 6096.

Rao, W.; Huang, H.; Wang, H.; Zhao, S.; Dumbleton, J.; Zhao, G.; He, X. Nanoparticle-mediated intracellular
delivery enables cryopreservation of human adipose-derived stem cells using trehalose as the sole
cryoprotectant. ACS Appl Mater Interfaces 2015, 7 (8), 5017.

Kawase, Y.; Iwata, T.; Toyoda, Y.; Wakayama, T.; Yanagimachi, R.; Suzuki, H. Comparison of
intracytoplasmic sperm injection for inbred and hybrid mice. Mol Reprod Dev 2001, 60 (1), 74.

Kaneko, T.; Whittingham, D. G.; Overstreet, J. W.; Yanagimachi, R. Tolerance of the mouse sperm nuclei to
freeze-drying depends on their disulfide status. Biol Reprod 2003, 69 (6), 1859.

Hezavehei, M.; Sharafi, M.; Kouchesfahani, H. M.; Henkel, R.; Agarwal, A.; Esmaeili, V.; Shahverdi, A.
Sperm cryopreservation: A review on current molecular cryobiology and advanced approaches. Reprod
Biomed Online 2018, 37 (3), 327.

100



