CHAPTER 11
LITERATURE REVIEWS

1.0smolyte

Cell volume is perturbed from osmotic imbalance environment. If cell is exposed
to hypotonic extracellular fluid, they initially swell but then approach the original cell
volume by release of solutes through sej ’% and organic osmolytes channels,
K', Cl"cotransporters, or coupled Ky F *"- A] d &hmger& This mechanism is

called regulatory volume decrease (RV). In contra

are exposed to hypertonic
extracellular fluid, they initizks 40 y |"- IPTC riginal volume by import
of solutes through Na', K’Ah,r OIF // i ¢ §\\‘ nd C1/ HCO, exchanger
working in parallel. This afec 'l/ called 1 \ \

(Hallows and Knaut, 1994; agh and Mills, ). The cellular accumulation of

olume increase (RVI).
electrolytes after cell shrinkagefi ‘concentration interfere with
structure and function proteifis, presumab zh ionic interactions with
macromolecule and substrate _-_g?'__ . a0 Osmond_ 1972; Yancey et al.,
1982; Clark, 1987; and Yeancey, 1994). Furthermore, at ,:p ion gradients across
the cell membrane would {fe é‘ ncrease of intracellular
would reverse Na' /Ca exchange and thus increase

intracellular Ca’ ﬁ\ﬁ m w‘ﬂ m Wﬂrd’ffﬂ!ﬁce]lulm functions

(Lang et al., 1998; Tfump and Breezesky, 19
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compromising proteins, so they are termed the compatible osmolytes. Unlike ions,

Na' act1v1ty, for instance,

compatible osmolytes at high concentration do not compromise the protein functions
because their properties are similar to anions and cations of Hofmeister series. Ions on
the left of series generally stabilize proteins, salt out, while those ions to the right do the
opposite (destabilize protein) (shown in Figure 1). The effects from destabilizing ion

such as K, Na', and urea can be counteracted by adding the stabilizing ions that is so-



called the additive algebraically effect. The destabilizing organic may be attracted to
specific chemical groups on macromolecules. Alternatively, they may bind to water less
well than water does to itself, so those solutes move away from water and towards the
surfaces of macromolecules. If either effect dominates thgn macromolecules will unfold,
since this will maximize these favorable interactions. In contrast, organic stabilizers
exhibit an empirical tendency to be excluded from the protein hydration domain shell. If

this effect dominates, an entropically unfaver lg order arises with neighboring regions

will be stabilized (Na and Tiffasheffl981 | Yancey 982; Somero, 1986; and
Yancey, 1994). Stimulated” uptz ‘ ecrease degradation can
increase cellular osmolytes: As gbrapafed th RV ac ed by ions, accumulation
of omolytes is a slow proe€ss tdk 0 dz \‘ 73.; Burg, 1994.; Burg,

1995.; Kwon and Handler, 18 and Kwon, 2001.)
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The osmolytes are divided into fhree groups. There are small zwitterionic amino
acids such as taurine, glutamate, and glutamine, methylammonium compounds such as
betaine and the last group is sugars and polyols such as glucose and inositol.(Yancey,
1994). Organic osmoiytes are involed in cell volume regulation in many kinds of
organisms. Some aquatic animals can adjust their osmotic concentration to equal to the

external environment such as hagfish, but all marine elasmobranchs regulate their total

eir internal salt concentration equal

to about one—third that of seawater, The reaso accumulate large quantities of

urea and organic osmolytes hylam! ﬁAO) in' the typical 2:1

concentration ratios in their bloed ¢ and Cech;»2000). From the algebraically

additive effect, TMAQO prote v\\f"\.{ the perturbing effects of

urea (Wither, 1992). Because 0f }‘ ntrated urine, the renal medulla

'».’ ¥ }.\\:\’-"

"N

3t e \~ d ey—derived cells and intact

cells in the hypertonic medium Show-that" the'$¥ehal medulla osmolytes are sorbitol,
. " lr' -

inositol, betaine, and glycerophosrylci

=

becomes hypotonic in associ response this stress by

accumulating organic osmolytes

| (Bangnasco et al., 1986; Garcia-
Perez and Burg, 1991a; c' ’ 1991; Handler and Kwon,

‘.J

=  Like the other omnisms, which face the osmom stress, many bacteria
accumulate osmolytgs.. Fo < le, iﬁ,’ tigl, unuliella viridis
accumulate glycﬁ ﬂﬁwﬁmﬂ:ﬂ 7ﬁ IEIjl 0 de‘jl’;m caricai and
Methanoco olithotrophi m-l 3 tﬁ -gll ‘tﬁ{ 4N epsilon-
acetyl-betawﬂ &zﬁﬂtﬁa nﬂiﬂxﬂo ( ?Isgle eand Wood,

1996). Ectine functions as an osmolyte in the moderate halophile, Halomonas elongata

1993: Miller, Hanson, and Yanc

e

OUT30018. Nakayama et al. (2000) transferred three genes encoding the enzyme
involved in the biosynthesis of ectoine into cultured tobacco (Nicotiana tabacum L.) CV

Bright Yellow 2 (BY2) cells. The transgenic BY2 cells accumulated ectoine and



exhibited a normal growth pattern under hyperosmotic conditions (up to 530 mOsmol)
compared with wild type cells. The distribution of osmolytes is compiled in Table 1.

Table 1 Distributions of Organic Osmolytes in Major Organism Groups

Organism Sugars and polyols Amino acid, Derivatives Methylated Ammonium,
Sulfonium Solutes
Archebacteria: Glutamine, glutamate Glycine betaine
Methanogens Proline, [3-glutamate,
Eubacteria Glycine betaine, choline —O-
Trehalose, su
Ifate, prolme betaine, taurine
mannitol, hetgs
4 ‘ \ aine, alamne betaine,
(glycosylgl ‘ '
e Ve ] \"- pcolate betaine, glutamate
mannosucrose )
betaine, DMSP
b
Protista: Glycerol, ma Proline, -al \‘\" Glycine betaine, proline
Algae sorbitol, volemi : betaine, homarine, choline-O-
altritol, surcose, sulfate, DMSP, dimethyl-
mannoses, gl taurine, tauine betaine
heterost —t= — ==
., AX
floridoside), -
' .
‘ 3 -
Protozoa _ ¢ & | Glycine, alauﬂgbrohre
Yeast, G lp i I j
Fungi arabite!, mannitol, etc. p )
8 | e | o
Vascular plants q ﬁ‘yo-moéilol, I mi eky;- olin Eﬂine tegile,ﬁline betine,
inositoi(e..g. pintol, B-alalinebetaine,
onoitol), sorbitol, Choline-O-sulfate, DMSP
mannitol, glucose,
surcose




Organism

Sugars and Polyols Amino Acid, Derivatives

Methyllated Aminonium,

Sulfonium Solutes

Animals

Various aquatic

Invertebrates

Agnathans

Cartilaginous
fishes

Bony fishes

Amphibian

Birds
Mammals

- kidney

- heart

- brain

Glycerol, trehalose | Proline, serine (insects)
(Artemia)
Trehalose(insects) Glycine, alanine, proline,

serine, taurine (marine

phyla)

Myo-inositol, scyllo={Taurine, M ime,

inositol - P

Glycerol (antifregz
Glycerol, g

(freezing)

Sorbitol, myo-inosi

Myo-inosito!

Glycine betaine, TMAO

Proline betaine (marine

phyla),TMAO (4rtemia)

TMAO
Glycine betaine, TMAO

Sarcosine

Glycine betaine, GPC

Glycine betaine, GPC

(Reproduced from Yance ‘! 994)
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2. Reproductive tract environment

Borland et al. (1977) reported the total concentration of ions in fluid obtained
from the isthmus of the mice  oviduct (35 hr post-coitus) which were detected by
micropuncture and electron probe microanalysis. Osmolarity exceeded 360 mOsmol.
The total concentratio_n of Na+, K+, Mg2+, Ca’" and CI were only 343 mOsmol and
similar to values that obtained for fluid from human fallopian tube (Borland et at., 1980).

In contrast, Brinster (1965) studied the effet gsmolarity on the development of two-

cell mouse embryos to blastocyst age \ S )molarity for development of
two-cell embryos into blasto as 264 m snm the embryo development

The amino acid ¢ tlon rabbit embryos and
fluids of reproductive tract Werg estigated | v\\ atography system. Glycine
increased in reproductive tract fluj fmdf 4“& : th i@velopment. Taurine was high
in embryos and fluid but declined '{1----* €nt (except the blastocyst cellular

2757

—_—  »

compartment), while glycine le ﬁ ine, and methionine

were almost uniformly low i be & uids. Asparatic acid,

serine, glutamic acid, and almne were more prevalent and momhkely to differ between
development stages and betv&eﬁhre uctiv os (Miller and
Schullz, 1987). Th 'n t ‘ Hﬁ mﬁﬁluﬁiyanalyzed by an
ultram1croﬂuorometnc techn ﬁ tamine i 1ginity of the
cumulus mass‘I ]5 ﬂaﬁ,"] ﬁ es i Ffj:ai}z.mino acid

contents (alahine, aparatate, glutamate, glutamine, glycine, serine, and taurine) during

— o

development of blasfocyst from two-cell mouse embryos in vivo were determined by
HPLC analysis. The content of taurine and glutamine increased during development of
Day 4 blasocyst from two-cell embryos. The content of glutamine decreased in

blastocyst between Day 4 and 5, whereas the taurine content did not appear to change in
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blastocysts when they approached implantation. The amounts of free glycine was high as
taurine in two-cell embryos and decreased with development to Day 4 blastdcyst stages,
and this level remained low on Day 5 blastocyst stages (Van Winkle and Dickinson,

1995).

4. The role of amino acids as oémolyte in mammalian embryo in hypertonic fluid

concentration medium, glut e “ted -against, in on effect of high NaCl

\'\ ect of high concentrations

of NaCl and the protective éffecfofib tai measuring the intracellular

contents of potassium and sod gotes with X-ray electron probe

spectrometry. When medium contain 8&n NaCl, the intracellular content

of sodium rose and the conter , these changes were

partially reduced in the :‘{ s oT B o ! also in the medium
(Biggers, Lawitts and Lech@, 1993). Dumoulin ef al. (1997)mggested that taurine was
the osmolyte in m alian 'Erﬂryqs. ey lo ] taurine info human oocytes
(remained unfeniligg;n urﬂ gonlﬁiiriwiﬂ:iﬁs‘iw - to eight-cell)
and two-cell_mouse_embryos. ﬁpe rs_‘i for.4 hre in, hypotonic
medium (2@3 aﬁﬁlﬁi : ‘uaﬁ sa ﬁmﬁngﬂnﬂy lower

radioactivity as compare to samples which were incubated in medium of 280, 320, and

360 mOsmol/kg. The protective effects of several amino acids on the development of
mouse zygotes into blastocyst stage were tested. Zygbtes were cultured in 310 mOsmol
medium with 130 mM NaCl, either without or with 1 mM ot_’ glutamine, taurine,

hypotaurine, betaine, proline, glycine, sarcosine, GABA, myb-inositol, B-alanine,
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lysine, and raffinose. Glutamine, betaine, proline, glycine and B;alanine were the
compounds with the greatest and most consistent ‘support of development to the >
four —cell stage and to .the' blastocyst as their responses were high (p< 0.01) compared to
the control groups (Dawson and Baltz, 1997).

There are several experiments to propose that glycine can be the osmolyte in
mouse embryo. A greater proportion of two-cell mouse embryos developed to blastocyst

ia in which its total concentration

i _‘_‘/M $0). To.determine the amount

stage when 10 mM glycine was pres

of other ions was 355 mM or mo
& . P s 3
of glycine accumulation, mouse zygetes were cultured e medium contained ['H]

glycine at 250, 310 and 340 @@&mel’ mnulated at 310 and 340 mOsmol

\.

stage embryos also transport glycife iaaGly tra er{Hammer et al., 2000).

In addition, Kolajova and B -rg{ C strated that mouse embryos also

posses swelling - activated-éhas nnels which function to rele: Se-O j otically active glycine
e ——————— LY

and other osmolytes whe .:ir Ui Glutamine, Glutamate,

taurine, betaine, creatine, T o-1n051tol glycerophosphorylc oline were found in rat

tissues at 7 and 2 daﬁpﬂaﬂ(”ﬂuﬂ]ﬂﬂ TWBW 9
T SRS A0S A 56 6

There fare several factors which affect the development of preimplantation
hamster embryos. Amino acid is an impbrtant regulatory factor. Gwatkin and Haidri
(1973) studied the requirements for the maturation of hamster oocytes in vitro and
proposed that four amino acids, glutamine, isoleusine, phenylalanine, and methionine,
were a nutritional need because they found that the omission of these four of Eagle’s 13

amino acids (arginine, cysteine, glutamine, histidine, isoleusine, leucine, lysine,
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methionine, phenylalanine, threonine, tryptophane, and valine) reduced development by
more than 20%.

The beneficial effects of these four amino acids on the development of
preimplahtation hamster embryos were tested at the different hamster embryonic stages.
Amino acids, cumulus cells, and bovine' serum albumin were examined on in vitro

fertilization and first cleavage of hamster eggs. In both cumulus-present and cumulus-

free situations, addition of glutamine, iso ylaianine, and methionine resulted

- when amino acids are not

oVer, m@mented culture medium,
elop o \\R\x compared with 22% of

late eight-cell embryos. In the présenCafof Amido 2 ., ,x ~ of early eight-cell embryos

a significantly higher proportion
included (Juetten and Bavister,

only 2% of early eight-cell embg

developed into blastocyst. Thegéi . " .“. percentage of late eight-

\.

» 1 5\ alone and in combination,

cell embryos. They develop intgibla Bavister ef al., 1983).

However, two reportsde B
could sﬁmulate or inhibit the ha epment in vitro to blastocyst stage.
Bavister and Arlotto (1990) studled it of one-cell hamster embryos in

culture medium (TLP- PV idsf(Cysteine-SH, arginine,

TR LY * @ .
phenylalnine, proline, 5(-. alanme, isoleucine,

hydroxyproline, glycine, lelmle, cystine, lysine, aspartic acicaryptophan,methionine,
and tyrosine) comp ‘q group 3’ ylalaine, valine,
isoleucine, tyrosme ‘ Yi i ﬁ‘ ﬁﬂjmo acids, and the
stimulatory 5

In aﬂfﬁc }Tﬁnﬁﬂlﬁmm ng!l lllﬁcz!llmulatory

and inhibitory effects of 20 amino acids (glutamic acid, cysteine, arginine, phenylalnine,

proline, valine, serine, threoine, histidine, alanine, isoleucine, hydroxyproline, glycine,
leucine, taurine, lysine, aspartic acid, tryptophan, methionine, and tyrosine) for the
development of one-cell hamster embryos in HECM-3 with glutamine. The single amino

acids with glutamine that stimulated the development of one-cell embryos to blastocyst
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stage in vitro were taurine, glycine, serine, proline, histidine, asparagihe, cysteine and
lysine. The sihgle amino acids with glutamine that inhibited the development of one-cell
embryos to blastodyst stage ‘in vitro were leucine, tyrosine,' valine, isoleucine,
phenylalanine, arginine, methionine, and cysteine. Combination of glycine, glutamine,
and taurine plus the other eight amino acids; asparagine, aspartic acid, serine, glutamic
acid, histidine, lysine, proline and cysteine significantly stimulated the development of

v])nbination of combination of glycine,
e Iro.

one-cell embryos to blastocyst stage com

taurine, and glutamine.-

2

Glutamine is the one ce @e development of hamster
embryo. From the study of rvister(1985); only glutamine from four 2mino
acids (Bavister et al., 1983) wastfequizéd for the develop from the eight-cell to the
blastocyst stage. ;

Kane, VCamey, and Bavigter “:;.. m a, i the \effect o glutamine, F10 amino

N\

apnne-and E 10 vit 'n , and combination of F10
257 odk
-lopment of gl

acid, F10 vitamins, combination of glitam:
dace

amino acids and F10 vitami ou the -cell and morula hamster

*

f

embryos. The control group was the" unsupplemented medium. By 20 hr., morulae in

medium supplemented with glutami e, glutamine + mins; and F10 amino acids

+ F10 vitamins reached ﬁr’: “ 27% and 31%) when

compared to the control group (18%)." ght=cc embryosm medium supplemented -

with glutamine, F10 amino aci(ﬁlutamine + F10Witamins, and F10 amino acids + F10
vitamins devebped@:l u ﬂst yn&lsm:j mﬂ;‘) mi‘i%.) significantly

higher than the control lé(:;ﬁ (8%). By 40 hr. in_cultufé both eight-célembryos and
Kb m

morulae pro@!cm:l Hmyg@mmvﬂm (8%,

10%) and F 10 amino acids + F10 vitamins (10%, 9%) significantly higher in comparison
to the control group (b%, 1%), glutamine (2%, 0%), F10 amino acids (1%, 0%), and F10
vitamins (0%, 1%).

Kane and Bavister (1988) suggested that glutamine was as efficient as all F10

amino acids in promoting blastocyst hatching of eight-cell embryo when included
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polyvinylalcohol (PVA) in culture medium. Mckiernan, Tasca, and Bavister (1991)
determined the requirements of pyruvate, lactate, and glutamine for development in vitro
of one-cell and two-cell hamster embryos to blastocysts. Glutamine alone can not
support development of one-cell embryos in vitro beyond the two-cell stage.
In combination with pyruvate or lactate, glutamine increase the proportion of one-cell

embryos developed to morulae/blastocysts. Glutamine alone suppon development of

two-cell embryo to morulae/blastocys

\\ ’f ile treatments contained either 0.2

mM or 1.0 mM glutamine with py enhance the development of

—
Taurine was required for t \\\\

ity 0z0a, in vitro (Leibfried and
‘%«’1 \\ \
Bavister, 1982). Since hyp i ca evelopment of one-cell

*{" M\\

e-cell embryos into morulae

embryo into morulae/blastocys

Taurine is another im ogous with hypotaurine.

—

embryos to eight-cell and fu ne of embryos reached the

eight-cell stage in the culture (Barnett and Bavister, 1992).
Thus taurine may support the d

and blastocysts in vitro.

i —

6. The effect of osmolarity'en embryos in vitro

st the stress from hypertonic médium in a limited range.
Haidri and Gwatki ﬁw ﬁcultured in GH-1.
No polar body fo “ﬂgon occurred at or at 263 mOsmol. At 268 mOsmol 90 to
100% of thqmww]fanﬁ ﬂﬁy ﬂm?Wﬂﬂrﬂﬂbove 268

mOsmol. At 278, 288 and 298 mOsmol, the percentage of oocytes maturing were 80 to

Hamster embrybs ré

90, 70 to 80 and 20 to 30, respectively. Eight-cell embryos cultured in culture medium
(TALP) developed to blastocyst stage between 225 to 300 mosmol/kg (Bavister et al.,
1983). Percentages of blastocyst development that de\}eloped from two-cell were highest
at 250-300 mOsmol (51-54%). Percentages of blastocyst development at 350 mOsmol

(8%) were significantly lower than at 250-300 mOsmol (Mckiernan and Bavister, 1990).
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