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Effects of Protein and Amino Acid (Glutamine) on the Development
of Late 2-Cell Mouse Embryo in vitro

Yu Han Ki
Department of Obstetrics and Gynecology, College of Medicine, Ewha Woman's University

Late two-cell mouse embryos from ICR(Swiss glbino) mice were cultured to the blastocyst
stage in New MHBS media.

In order to invertigate the effect of protein macromolecule and glutamine on the development
of preimplantation embryos, late 2-cell mouse embiyos were cultured in media containing
bovine serum albumin{BSA), polyvinylpyrolidone(PVP) and glutamine and the rate of blastoc-
yst development was observed.

The results were as following :

1) There were a significant difference in blastocyst development of early and late 2-cell
mouse embryos(p<C0.05).

2) The development of late-2-cell mouse embryo to blastocyst in the BSA-free but containing
glutamine was higher than those of 04% BSA, 04% PVP group.

3) The development of late 2 cell mouse embryo in the MHBS containing glutamine was
higher than MHBS with BSA but glutamine-free media group(p<(0.05).

4) Blastocyst development is higher in media supplemented with glutamine than in media
containing no glutamine.

5) These study suggests that the addition of glutamine to the culture media may be a required
for energy substrate for in-vitro development of late 2-cell mouse embryo.
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2—AE7A Zujrle) AR ARE F A9
2} protein-free Wl g o] AR7} FF3HA £
91 A& ot} Dandekar(1986)9 5% Calver(19
87)9%5& protein-free TeS} AT wj Gl A
A 2—AME7)9 wjote] YL Ham’s F10 ¥l g
YelAe 2Rt dri Biusg

24 wjole} MjFRAE AT A%ty Uz
TOEE 04% BSA F7He MHBS #Feis 4FT
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5 1.U.(international unit) &] pregnant mare’s serum
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42 F7) 24 E8E microdroplet WP Z ¥
&3ttt & ) k4 A (plastic dishes, 60mm X 15mm,
Falcon, U.S.A) ) 40um¢] ¥} F¢]-& ¥ IL eguilibriated
mineral oil(Sigma) 2 ¥t}

o] 2l WYHAE Holx wjF 2A kA 37
Tt SAHI 5% CO8t 95% air7} FHFHIL 100%
%7t $ARE WEF7)d go] BEE FAAAS.
Age] AHEE RE ZAVIFE 160TA 90ET
ad 2Fsgen odd 9E JTE 121T, 15
Lb/inch?2. 2 1587t TYEFHAS.
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A 31X 7] 7] 98] 4 phosphate -4 &4 Henderson-Ha-
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Table 1. New MHBS medium component

Compound(M.W.) Amount(g/l) (g/500mlD) mM mOsm
Nad ( 58.45) 5.7690 2.8845 98.7 197.4
KCL ( 74.55) 0.4 0.2 5.3655 10.781
MgSO, (1204 ) 0.0977 0.0489 0.8118 1.6236
Nay,HPO, (142.0) 0.0477 0.0239 0.6716 0.6236
KHPO4 (136.09) 0.0209 0.0105 0.1533 0.6716
NaHCO; ( 84.01) 2.101 1.0505 25.009 0.3066
CaCly (110.99) 0.1899 0.0949 1.711 50.018
Glucose (180.16) 1.0 0.5 5551 . 5.183
Sodium lactate (112.07) 0.2802 0.1401 2.5 5.55
Sodium pryuvate (110.00) 0.088 0.0615 0.3 5.0
Phenol red 0.01 0.005 0.6
Penicilin G. Postassium salt 0.064 0.082

Streptomycin sulfate 0.052 0.026

BSA 4.0 2.0

NHBS : Modified Hank’s Balanced Salt Solution
M.W.  Molecular Weight
BSA : Bovine Serum Albumin

Fig. 1. Late two-cell staged mouse embryos after flu-
shing from the owviducts.

sselbachd] &2 ZA 393 NaHCOsE F7HA]20 H
kel © 2 HTF medial.th At A5&0] glojA 4
ol £& 43 o] WEhyt) o (Chung et a)®0] media®
Atggon I 24L& Table 13 2t} BSAE A 9%
AL 33 EFHF0 = 108]2 FF 3 stock solu-
dond WEo] WARBSA AR FEF
A sodium lactate, sodium pyruvate$} CaClye 100
Hl 2 %24 stock solution® 2 THEo] WA R A
AHstgrh 285 2E sl gele] ImM glutamines
A7bat Ak, BSAE AME A & ARSI

B o] & pH 7.20~7.30, 280mOsm o2 ZAF A7

% Millipore membrane(pore size 0.45um, Millipore

Co., Bedford, U.S.A) 02 o3 HFs4Th
A8 189 utg} BSA, PVP(polyrinylpyrrolidone),
gluamined ¥ g Hrket ot

5. Hj2| 2HE

wj o] el W F F 6417, 24412, 48A13E, 72412
Zo} 9142 =¥ 8w 73 (inverted phase contrast mic-
roscope, Laborert, Leitz, Germany) 3lo 4] #23G
o,

AFAAE A E7) SHAEI)~sH T, 4
(morula s MO)$F Evj(blastocyst 5 BL), L8] AXE
Aol $&HAY 47 Y AT HAFAY
AL vl =3 (degeneration s DEG)E FH3Ith

dz2rd 489 5AF HHde FA4E 4
&7] 91814 Chi-square testE A3t

4 1
1. &7 2—ME7| Hjole} 7| 2—MZEZ| djjo}
wetel g

D 27 2 F7) 2-AE7] #iotE 47 §5)A4
hCG FALE 30~33A1 4% B 48~50A 4% 27 2
— A7) wjet & 7] 2— A E7] wlote] BEE New
MHBS+0.4% BSA ¥jFd oA vjm#d &G (Fig.
1, Table 2). 7] 2— A% 7] wjo}o| A 4847t vl FF
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Table 2. Comparison of development between early 2-cell and late 2-cell mouse embryos

1) Farly 2-cell (30—33hr post hCG injection)

Stage of embryo development(% )

Gultu: Total
WE TGl el 8—deell Sl MO BL DEG  FRAG O %8
48 hr 8(7) 24(22) 48(44)  6(6) 20(9) 2(2) 108
72 hr 2(2) 32(30) 38(35) 2(2) 6(6) 20(19) 8( M 108
96 hr 2(2) 1807) 1009  2(2) 30(28)*  46(43) 108

MO : Morula, BL : Blastocyst, DEG : Degeneration, FRAG : Fragment

Culture medium : MHBS+0.4% BSA

2) Late 2-cell (48—50hr post hCG injection)

Gulture Stage of embryo development(% ) Total egg
2—8cell MO BL DEG
5 h 14 46 29 2 ol
r (15.11) (49.68) (80.77) (2.17)
20 80* 9
72 h : 109
i (18.3 ) (733 ) (8.2)

MO : Morula, BL : Blastocyst, DEG . Degeneration, FRAG : Fragment

*Chi-square test : X2==43.3563(p<0.05)

Culture medium : MHBS+0.4% BSA

Table 3. Effect of macromolecules on the development of late-2-cell mouse embryos

1) 04% BSA+1mM glutamine

Gulture Stage of embryo development(% ) Total egg

1-cell 2-cell  3—4cell  8-cell MO BL DEG FRAG

48 hr 6( 8) 30(38) 6(8) 200(25) 6(8) 4(5) 8(10) 80
72 hr 2(3) 10013)  24(30) 6( 8) 20(g5)* 18(23) 80

MO ! Morula, BL : Blastocyst, DEG | Degeneraton, FRAG © Fragment

°Chi-square test : X2=11.7851(p<0.05)

2) 04% PVP+1mM glutamine

Stage of embryo development(%)

Gul Total
WITC Tl gcell | 8—dcell  8cdl MO BL DEG  FRAG O B8
48 hr 2(2) 2(2)  26(31) 20019) 16(19) 18(21) 84
72 hr 22(27) 14U17) 6( 7) 32(89)**  4(5) 4(5) 82

MO : Morula, BL : Blastocyst, DEG . Degeneration, FRAG . Fragment

*Chi-square test : X2=3.0391(p>0~05)

3) BSA-Free+1mM glutamine

Stage of embryo development(%)

G Total
uleure 1-cell 2-cell  8—4cell  8-cell MO BL DEG FRAG onl g8
48 hr 4(5) 16(19)  22(26) 20(24) 22(26) 84
72 hr 40 5)  22(26) 44(52) e 14Q17) 84

MO : Morula, BL : Blastocyst, DEG  Degeneration, FRAG © Fragment
*Chi-square test | X2=2.4684(p>>0.05)
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Fig. 2. Blastocysts developed in the presence of BSA
for 72 hours culture.

AAule 0% Ha 72A17k, 964 7F vjokE Euj) 9
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2) F7) 9= A Z7] wlobo A 72X Wi FF 4
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24 A et 271 24 E7] wjotgt £7] 24
F7] wlole] 72412t wjokE EHjvie] BEEE TV
o—AME7) uole] B@go] BAFHOE KA &
A et (p<0.05).
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0.4% BSA+ Glutamine, 0.4% PVP+glutamine %

BSAE A AL glutamine?rS A7HeE s Aol o

4% F7) 2—AE wjole] B T #AFHT
(Table 8). 72A17t ®Wj%E Z7] 2~ A E7] #o}e]
WYL L 0.4% BSA+glutaminets T 7| 29 weo)
25% B3, 04% PVP+glutamines A& 39%, BSA
free-+ glutamineo] A & 52% 2 BSA7} YHZ = gluta-
mineft o 8% T 9—AF7] ujoloA] FEH|/E
AN H(Fig. 2). 2—HE7] vjole] =
17%2 04% PVPRTF Bo] Vet

e 5

3. Glutamine0| F7| 2—MZZ| ufofe] Ligo]
ojxe= g8

Glutamine HA7}31A %1 04% BSATF AAH
MHBS #} %9 3} 1mM glutamine 7}3F3L 0.4% BSA
AAE MHBS #Fdo]A] £7] 2—~HX7] Hfote
ZHj 7|7 A ¢ w2 Hl@3lgth(Table 4). 724
W] %3 glutamine F7FeHA @& W g oA )7
heke 97% Pl glutamine H7HE Hj G ¥
Hﬂﬂi ke 43% 2 glutamine o] Foll A )7
2 wgo] fosA EA Ve th(p<0.05). 7]
92— M E7] Wiole] H3e% 39% 2 ol 2As At

= =15 = XN

4, PVP7l 7| 2—HMZ7| ujote] gtetof D|X|&=
Hst

PVP AAZ embryod] AL E2IAIE EFH7}

A9 gloW 938 ¥x Fsto ©E AL A

slEla itk gy o]# 8 PVPE glutamine®] &

Table 4. Effect of glutamine on the development of late 2-cell mouse embryos

1) New MHBS(—0.4% BSA-glutamine)
Culture Stage of embryo development{%) Total egg
1-cell 2-cell  3—4cell  8-ccll MO BL DEG FRAG
41 20 2 63
24 hr 5(8)  17(27) 18(21)  50(40) 8( 5) 68
48 hr 4(6) 6(10)  3(13) 15(24)  6(10)  24(38) 63
72 hr 35 71D 2(3) 17027 1727 63
MO : Morula, BL . Blastocyst, DEG . Degeneration, FRAG : Fragment
2) New MHBS(—04% BSA+1mM glutamine)
Gulture Stage of embryo development(%) Total cgg
1-cell 2-cell  3—4ccll  8-cell MO BL DEG FRAG
43 23 1 67
24 hr 8(12)  1218) 15(22)  29(43) 3( 4) 67
48 hr 6( 9 5C7)  11(168)  26(39)  10(15) 9(18) 67
72 hr 1] 1(1)  8(12) a( 8) 29(48)* 26(39) 67

MO : Morula, BL ! Blastocyst, DEG : Degencration, FRAG | Fragment

*Chi-square test | X2=38.0986(p>>0.05)



Table 5. Eifect of PVP on the development of late 2-cell mouse embryos for 72hr culture

Culture Stage of embryo development(%) Total
media  l-cdl  2cell S—4cll 5—8cell 8—16cdl MO BL  DEG FRAG = 88
0.1% PVP

. 40(61)** 26(39) 66
—glutamine
0.4% PVP

) 2(8) 12(18)  4( 6)*F 47(72) 65
—glutamine
0.1% PVP

. 5(5) 10 1) 43(69)* 15(24) 62
+glutamine
0.4% PVP

. 4(6) 2(3)  7(11) 38(61)"B 11(18) 62
+glutamine

*Chi-square test : X*=41.1230(p<{0.05)
*Chi-square test . X2= 0.5696(p>>0.05)
eChi-square test - X*= 0.7239(p>>0.05)
BChi-square test : X*=41.1277 (p<{0.05)
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Goddard & Pratt(1983)!V& in vitro 2-cell block
4L A A 25 st dolga sy
FAT ATF 26 QeI SFPTIY,

Z7} 2— A7) wjelr} A oA Z L2E F e
2742 AF strain®] 7T, MFY A&, W FE Aol
wlolarge] J1 A{E A AFE F dvtaw Bx
g oo,

Hlol2] AR blocking straing FESE die =
kB lactate, pyruvate ¥ EDTAE FH71Eo 24
et W Fd Fole theFsiton,

Golden hamster HjolE 2~4M| X 7] A in viro
blocke] dojupAlut §— A E7] djole] 2% Tho] EH|
1z ggdo). oy kg 4719 ofu
=4 FUEE 3~ A E7) wlolel A Eujr]Z A9
were] 36% 1 278G THY. Carney & Bavister(19
87)& ©] WA 4719 olvx=4tF glutamineo]

sjopatgo] sbg A olgn BuEgri,

E dFoiAE MHBS(Modified Hank’s Balanced
Salt Solution) ¥ o2 9 X} w4l & A} vt ol g}
AR ol W FS=HE Ca 2 PHY o dRB=
o F2ujoby] dag B A4EE B RAFT Ut
19)20)

%7] 2—-AX7] wjolr} Tujrize] wEE 28%
Adl Hls) F7) 2—-AHE7] wjotol A Eujrlzel T
B2 80.1%2 F7) - AN F3A E
Vel tH(p<0.05, Table 2).

o|ghgo] 7] B F7] 2— A7 ¢ ol R BT H
o lojA & Aol7t YeAE 2R 8—A
AR E A4H o2 BEsh) 1 5 compaction?]
Az ojol & 38— A X7l MEEG] A& g9
WA R B M 48A1H Hjolr} Xujr) 2 E3eHA]
233 HaeiA "o

Z7) 2-AZ7d A e AZ2ZY Zaoldel flod
16— AEA7AA $ ZeAA® F7] 29— AX7) A
= ZFolee] e WFYdAE compaction §lol %
16— AXA7AA TAL 4 glo] wjole] EAo] Z&
"t

B3 7k Zgel Aol wjopidde
B o] 913 ©A| compactiono §F FHFE F& A
ol d¢ compactiono] ot EF Tz ¥Q
H 22 compaction 37 o] el de} o}F F a3k}
2122)

£ Aol macroculeo] F7] 2—H E ujote] o]
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7hek g Ao A F7] 2ME T A Euj 7ol @
o2 25%¢1d v} 0.4% PVP F7HA] 89%, BSA free
9 glutamine E¥H BjFYdM = 52% 2 gluta-
mine¥t 0. 2= ¥njrle] we-go] 71} A ety
t} o] glutamine] HEAA] ouxgez &
£-57 oln]=A o] ¥L(transamination) &g 7
F3A oluxgt FHE BAY Bt ol ¢RY
obe] M EFA(source) 2.2 X E THEEY FL&
& F8L 87) g Eo| ). Ogawast Marr?® 52
2—ME7| A Zajr]2e] B oju|imibo] =
protein-free TYH-2807} Whitten & Bigger's ¥l & f
A QAL 4+ goha 39351, Cholewa and Whitten
TL 2" dado] floE A3 2-AHE7]A
THjr|2 & $2¢ § Aoz FQoY.

Glutamine& in vitroo]A] AF e} ¥ ujole]
27182 323 dEEA 27 2-AHEVAAE
pyruvate$} lactate7} Wlobdg g AAY 5 AT
Erge Hopda g AAL £ gd. 479 27]
ol AE Q3 AESTE Y2Hst7] A3 4
E2QAY ARE AR A ST IR IR E
ol 88 & Jt. o) ALY FH=EE 27| 2—
AE7)7F o712 wete] A g gt g3 2
23HA Erp),

T Bl owio} wEFe g4l @ |7
Algo] S0z o] &Er). o] 8% iR d 279
ZFol7h e WAL 271387 A 715 2 gly-
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T30 AdA3 =% & blocks 3 o375
8% 98¢ 3 Aoz AT Glutamined
2= A% B §—AX o]g7ld= FezxAL FAFt
At T o]A7|d] wjopgad o Basrn.

E AFA duRdes Ix3 FAUE Wge
o x| f o] v el W& B2 F¢] pre-block
AFelE A Tujrlz o FE3iA Ao
=3 B3y Ty 2de] 43%E Poped ITE
29 vl A velkth olFe Exg EFE o

-

g

gejo] o7e GBEEF B3 A=E FA wio}
were] o BE ouAE AT fEoluh,

Glutamine @5 %-& BSAS} EFAHME £
=39 ZA&AE AFAuolEs e EujrinA
wgg A8l glutamined in vitroo] A o714
A A E (somatic celD ol & o 14 2] 7] A (substrate) 0]
vElgon A#dolE glutamined dfuiA Yoz
o] &3 4 TP,

v Meyen%-“)—?: glutamine©] A28} & X 4] 7]
wate] ol §9% A gidi RuFRYh
o] 2% glutamined] AL MEM H) ¥ (mini-
num Essential Medicen)o)] £} olu|iAtz) B
B 2449 ol #FEda &3 o
HZEY Role NNRAFE 55T ot £&
v el o] gk MEM 8% A&l d sfA o
sl Aol FAFR At

Glutamine2 Z7]|Hjo} ¥go] FFHo2 FF&
UJER)E #H 22 Rosenkrans’® 52 glutamine®] in
virool| A A wjote] WEg AN HES
WHA-

B ATeA B9 A4A vlope] g2 04%
PVP F7}A] protein free glutamine 7} #j ek
Fuj7] dPgo] e AL ALt AEEFY o} %
tE I 4HFEgtel A g7l EY Ao &
o} 9 BSAL AR 2AARLz PVPET o
7} QAT B dTFAE Eu7] wiobe] 2]
A VESETH

Glutamineo] %7] 2-AX7] AFdjopdge] o]
AE 9%L 2 MHBS ¥j¥de] glutamine H7}
2] g g Eujr]| 2 wjole WEL 29%
ol 8)3] ImM glutamine Y7} W FY A= 43
%2 glutamine F9F Tujr|g dgo] o8
E= 3 (p<0.05).

o] A& glutamine AA7} A gz GRAY
o= AFujole] wo] ZHGE AL ou TP

o) o2 ¥ A7 ZAFE 293 Table 291 4=
Z7] 2—- M X7) wje} s} 7] 2— A E7] dfofe] BB
gl 96417 v FFe] Aoe X7 B4
&0l 28% ¥ 73% 2 @A AolE YL Sioh
ORL AHAME GO B FE Ao 4 1
ofo] 7] w & 2-cell blocke] Z# wWAlo] WHHA
@ vgH g F7) 2—A X7 G4 vjE g4



$o Hlgoltt. ojgRe 2| 2-M X7 Hjote] &
AE&L FAHY ge AT77E A w3 v A
(Abramczuk et al, 1977'®), Bae & Park, 1987%9).

8 37] 2—-AEujole] BEE ol TE o}
A% g Ca?trl Qi WG E §—A 7]
2 16MENAA Y wjolz FAHI YEE Bae &
Park(1989)390] ¥of Fir}. v} F7] 2—H X7
vlop7} Cat AEEY AAdle Cat?o] o] &
oy &7 8—AE7)e] VehbE compaction I3
AAE Cat? Qolr FHF compactiono] YA
gkol A7)+ ©] MG A% wiole] Ha el ¥
ZRoz Yokl YrH(Kim & Bae, 1993)%0), EF
Kim & Bae(1998)%)& compactionA] Ca*™2? T4l Sr
to] A EE EATANE Ca™? W42 compac
tong =2 4 Jtke $9E olul & u 3ok

9 BSA, PVPS] macromolecule®] EFHE H7]9]
84 2+ 04%¢ BSA, PVP, BSA-free groupT2E
U521} 1mM glutamineo] 718 AL FF3FH
o]t} o1& groupdld Tujv|2e LAEL AT
Zolst Y&A BAE gt

ok BSA 0.4% A 938 2ozt e o
7o groupZte) EEE Ao]7} gl AL 1mM ghu-
tamineo] FEFH o2 F7goe A B9 AolE
AN AAB BAT) olgdgd FHao] Hrhe
A& Table 5914 Bd 1 o]f7F £ 3HA BoAz
itk &, PVP AA & wjoldAd 238 ARH:
AL e H o2 AHAFL v et T
JVstar glovt wHek gluamineo] HjFAe] H7HE
A% o] g Pvpe] AR LS 2357 Fa 5o
folAR itk olshgo] ofn|xi¥e] macromole-
ale® YA & g A& FHAFL Ao o
o5 glutamined] olUAg 2 @¥d FA4dl
71oj 8l AL Bae & Foote(1975))5 0] gH o]
olu] E79] & 2 3A A& A o)A FE et glen
glutamineo] Aol N Aoz &AL
91tk Rud-2 Carney & Bavister(1987)%0) 2 Gard-
ner et al(1989)37, Zielke et al(1984)2% A gluta-
mined] JUAZ ALAE FEL v JoH
6]& Chatot et al(1989)%, Petters et al(1990) A7
jo} Al o] §lo] glutamined] A A& ARSI
At

| =

E dFoX 0.4% BSA H7}E MHBS Hjokea}
protein-free, 0.4% PVP % 1mM glutamine H718
MHBS | FH & o] &3t F7] 2— A 27| AFRu]o}
o 2R & N TBES g 2 FEL @
Atk

1D ABFulete] WAl Ho oA 27] 2—HE]
HlolRTh(28%) F7] 2~ A x7] AF o] o]
3% 2 §9% F7Hg JeEhdoh(p<<0.05).

2) Macromolecule®] £7] 2— A £ 7] 9} wjjo} g
U XE GO 2 0.4% BSA, 0.4% PVP F IR} BSA
8l& glutamine F7HE Wl FolA o §94 QA W+
B th(p<<0.05).

3) 1mM glutamine 378 New MHBS 1] 44 5 A
BSA 2 glutamine 8} MHBS oA B} F7)
2— N E7]8] Eu]7) wjolee] v E3UA e
o

4) PvPE WlolR S £A37] Boe 238 9
ANNE A 2ed oy gA EdE Fxd ¥
#3te] F7}8} AT glutamineo] H7FE HE= pvpY
wolgAlol dAgH7t BF ZHAH A R
o2 Jehta g0 gltamined] Fo40] tg 3
ZH3 9t}

5) B dAFo]A New MHBS #]A| ] glutamine 3
747t %7 e~ A ET] AFuote) Agudded] &
A9E¢ dx 9 Aol AR ZzHR Yo
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