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ABSTRACT

The effect of aromatic amino acids such as phenylalaine, tryptophan and
tyrosine on somitogenesis at the early stage of chick embryo has been inves-
tigated morphologically using light and electron microscopy.

Micrographs of aromatic amino acid injected chick embryo showed that an
incomplete somite segmentation occurred and some decremental effect on the
nervous system were observed. Somites were poorly developed and their size
were variable.

Electron micrograph of somatic cells from aromatic amino acid injected chick
embryo showed that chromatins were coagulated, some of mitochondria were
damaged, and nucleus were transformed considerably in some cases.

The protein and nucleic acid levels and some enzyme activities of 15-day
chick embryo which received the injection of | mg of aromatic amino acid
in (. 05ml of saline 24 hours after the incubation were analyzed. Protein,
DNA and RNA levels of the test group were not lowered significantly but the
activities of enzymes for basic metabolism, such as lactate dehydrogenase,
succinate dehydrogenase, malate dehydrogenase and glucose 6-phosphate dehy-
drogenase were considerably lowered as compared with those of control.

From the present experimental results, it was tentatively suggested that the
administration of amino acid might slow down the yolk granule degradation
probably by feed back mechanism resulting in the disturbance of amino acid

balance in the cell, which might give rise to impair normal metabolic pattern
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leading to abnormal somitogenesis to chick embryo at very early stage of

development.
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HEFE 27 AAe g oA P45 LA FaeEA A, AFAd, AA
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L-phenylalanine (Merck), L-tyrosine (BDH Chemicals Ltd). DL-tryptophan(s3 &3+ 5
AF AL 0.9% A A4 0. 1ml)o] Felste] Fabd 244 zkntell dzbg bl Fof
B9
olu] AL E §E ] 7 Lol &= phenylalanine 500 pg + tryptophan 500 g phenylalanine
500 pg + tyrosine 50 pg, ¥ 5 tyrosine 50 pug + tryptophan 500 ugg 72 wWHog %
o st et Ea T 9 A, s BAE Sl A e Sk 24417 §- 1mge] wES of
v A4S 0.05mle] A A Qe He Fofata 169 e A5
(3) Fatdn]A B AR A A2
Hel 48417} o &7] Al E A E3lo], Nikon FX-358 )ejalu) oz 4429 3
sl
A7 TR A 9ok A Ao 2.5% glutarylaldehyde phosphate buffer (0.1
M, pH 7.2 &M oz AxAg &, 7-& phosphate buffer® A3 3}s 0.1 M phosphate
buffer(pH 7.2) 2 245 0sOel A 247 & zAstgrh. 245 AR wgE o g
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EE Ao whasla 3£ A o8 propylene oxideE A3t A 3Eoh-S- epoxy resin

o 2 xofstyg . el ]-% stol LKB-V3 w497 2 thick sectiondt 3= ¢ 7|4 fuc-
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(1) Lactate dehydrogenase (LDH, EC. I, 1, 1, 27)¢] &4 24 (Neilands, 1955) LDH
9 B9e $goe] BEUL shE F 1EEl aslE NADH g 340 nmo] 419}
FAE ez 2R 99 (A7) 3mhe x4 (2 F55)e 50mM phosphate
buffer (pH 7.4), 0.6 mM sodium pyruvate, 21. 3 mM nicotinamide, 0. I8 mM NADHS$} &
=901 o},

(ii) Malate dehydrogenase(MDH, EC. 1, 1, 39 #4223 (Joo and Han, 1976)
MDHe| 34 & wlgolo] &49S mh Al 1% B 8R15% 2, 6-dichlorophen:
olindophenol (DICPIP) &] <} (00 nmol| A} &4 dlo] F213lg vt ul-gol (A 3x] 3ml)e
#A4 (%% %)-¢ 14 mM phosphate buffer (pH 7. 4), 0.43 mM NAD"*, 30 mM nicotinamide,
0.86 mM KCN, 0. 034 mM DICPIP, 7. | mM sodium malates} & 2-¢ o]l e},

(iii) Succinate dehydrogenase (SDH, EC. 1, 3, 99, 12} &4 224 (Joo and Han, 1976)
SDHe] &4 & ubgofe] Zae #tste 4ol 1E5< 295= DICPIPY & 600
nmef A 2 FAE 4 g 3 0?914. gEgof (A4 o 3mbe 24(HFF=)E 50mM
phosphate buffer (pH 7.6), 1 mM KCN, 0. 04 mM DICPIP, 20 mM sodium succinate$} #
el gl

(iv) Glucose 6-phosphate dehydrogenase (G6PDH, EC 1, 1, 1, 49)¢ &4 27 (Lee et
al., 1978).

GOPDHS| §h4) & wh&olo] E291% rheba 4geld 145 44 vl NADPHS| of2
340nmel A FHES Fohz EAetgdeh BgA (@A sl 3mhe) 24 (HFEE)E 30
mM Tris-HC! buffer (pH 8.3), 0.67 mM MgCl,, 0.067 mM NADP, 0.83 mM glucose 6-
phosphate$} & 4-¢] o] 3l t}.

() =¥ A, DNA 21 RNA®9] A 2 (Schneider, 1957)
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gl e FFew A 2 bovine serum albumin (BSA) £-9]2 Al &3le Lowry Whjo s
B e

(ii) DNA 7 &k (Schneider, 1957)

DNAE calf thymus DNAS 3¢ $F 802 3o diphenylamineo 2 w4 steo] 4 3}
A et

(iii) RNAA 2} (Schneider, 1957)

RNA £ calf liver RNA 8- % F 2o o 23}o] orcinolz w4 &bo] 4 gkalg ch.

E o

(D =33 &el7 a3
HEzTe A9, AAge] AgR gFon QAo skAsla, A
4 AAEY 3 AAE J&3) epgi o (Fig. 1), WEE obw] iz 4k-& v] g (phenylalanine
500 pg, tryptophan 500 pg, tyrosine, 50 pg) 5o 39 & =& A3 A 544 Fig. 2),
AMAY Ry AA(Fig. 2), 382 &4 (Fig. 3), 2z AA 93 AAN EA 8
etz (Fig. 4) wrakE oluj i Ag thek(phenylalanines} tryptophang 1mg, tyrosinel
100 #g) ol gk AT ek e dgEol wlaF S-of4] Mt Al sA viebvbe] A 339
AT =5 dAFig. 07, AAIAe] AR FEA vebx g gkek(Fig. 6).

oz §4sle] glom,

[‘d

Gy

ZF g opvli gt EFES Fd AfelE AAES A3 A H¥Asx, AA
I FE AAY v, zeElz A 2719 AolH e glelA], HaTdt YA
22 & Heol & vieplgleh(Fig. 7, Fig. 8)

(2 AA dvlH B

dubzl o Folol G4 AAA ZAA = ALY BHe FEE dlo] A e gl
o, Wz AAANEZE He Hofe] FFx, Hule dMAL w R W xes, cristaes}t
7 wbetE mitochondriasl & F 9ol rough endoplasmic reticulum(RER) o] v}el} 9l 5z, A

ZA Aute]l 24 polysomeo] AR x]e] 9lch(Fig. 9, Fig. 10)

RS ol malg wlF Fold ATl AL de mee WAL FEA ehin e
v}, mitochondria®) cristaes} s}3)xo] FEEEIg 3, AR x50 9 oh(Fig. 11,
Fig. 12).

dl8EE ofu| - AbS ik Bo 3l 4% ]-\: mitochondriag} ol M=o 3l (Fig. 13, Fig.
14) o9l ade] T el sl FElegz (Fig. 15, Fig. 16), = F¢l9] RER:
Aoz %%J]%L}(Flg. 16).

Ea RS obrl e e EFstel FoJ Al wolL ohgk dmake] Watsh ole]wha (Fig.
17, AL FEAez SAs ddoy (Fig. 18) RERE =7 wistela okeh. =
2] . mitochondria®] cristaer} =7 x]o] FE3} # Ho| ¢l vk (Fig. 17, Fig. 18).

2zl 2447 & 1 mge] wWEE ofu] AL [phenylalanine(Phe) tryptophan(Trp), tyrosine
(Ty)& 0.05mle) el 4 odsol el Felaha 159 Fol Av QA% TAsete] 2o
A} &4, lactate dehydrogenase (LDH), succinate dehydrogenase(SDH), malate dehydroge-
nase(MDH), glucose 6-phosphate dehydrogenase(G-PDH), =iwiz = & 2(DNA, RNA)
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< A% A o3 Av. LDH#A 2 2 £(100%) ulel PheFo 2 78%, Trp
Fol 28 66%, TyrFel 2 50%2 4ol 4 9IA A ek gl ch(Table 1),

Table 1. The effect of aromatic amino acids (Phe, Trp, Tyr) on lactate dehydrogenase activity of
whole chick embryo (15-day-old). The reaction mixture contained (final concentration) 50

mM phosphate buffer (pH 7.4), 0.6 mM sodium pyruvate, 21. 3 mM nicotinamide, 0. 18 mM
NADH and enzyme.

Enzyme activity* Relative activity**

Group (unit/chick embryo) (%) p
Control 119.2+10. 2 100 —
Phenylalanine 93.3+14.9 78 <0.05
Tryptophan 78.8+ 7.4 66 <0.001
Tyrosine 60.0+ 5.9 50 <0. 001

* One unit of enzyme activity was defined as 0.1 of optical density change per minute under the
experimental condition described in the text.
** Relative activities were expressed as percent of control.

Table 2. The effect of aromatic amino acids (Phe, Trp, Tyr) on succinate dehydrogenase activity of
whole chick embryo (15-day-old). The reaction mixture contained (final concentration)
50 mM phosphate buffer(pH 7.6), 1 mM KCN, 0.04 mM DICPIP, 20 mM sodium succinate

and enzyme.

Enzyme activity* Relative activity
Group (unit/chick embryo) (%) p
Control 17.6+3.4 100 —
Phenylalanine 14.34+3.6 81 >0.05
Tryptophan 12.8+1.3 72 <0.05
Tyrosine 8.041.4 45 <0.01

* One unit of enzyme activity was defined as 0.1 of optical density change per minute under the
experimental condition described in the text.
** Relative activities were expressed as percent of control.

Table 3. The effect of aromatic amino acids (Phe, Trp, Tyr) on malate dehydrogenase activity of
whole chick embryo (15-days-old). The reaction mixture contained (final concentration)
14 mM phosphate buffer (pH 7.4), 0.43mM NAD, 30mM nicotinamide, 0. 86 mM KCN,
0.034 mM DICPIP, 7.1 mM sodium malate and enzyme.

Enzyme activity* Relative activity**

Group (unit/chick embryo) (%) p
Control 60.0£5.7 100 -
Phenylalanine 47.348.1 79 <0.05
Tryptophan 44.0x2.8 73 <0.01
Tyrosine 28.012.8 47 <0. 001

* One unit of enzyme activity was defined as 0.1 of optical density change per minute under the
experimental condition described in the text.
** Relative activities were expressed as percent of control.
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SDH#Y & o) 2 (100%)°] v]8 PheFod T2 81%2 {4l glglent Trp, Tyr%o
TE 42 72% 46% 2 G A YAl A o] A b= gl (Table 2).

MDH#&4 & Phe, Trp, Tyr ol 27 79% 73%, 471%% 2% 494 A &40l A
3} 9 oF(Table 3).

G-6-PDHEA & t)zo] ug PheFol72 Hols} glglovt Trp, Tyry 7tz 88%,
822% 2 Aol <kzk Aetsglont F42 holek(Table 4).

ol A 2R0. o) 27 (100%) 0] ] Phe, Tyr&o & 22} 81%, 76% % 7k 424 4
A zta st ov TrpFoli& ¥ abe]st gl9ivh(Table 5).
Table 4. The effect of aromatic amino acids (Phe, Trp, Tyr) on glucose 6-phosphate dehydrogenase

activity of whole chick embryo (15-day-old). The reaction mixture contained (final concen

tration) 0.83 mM glucose 6-phosphate, 0.067 mM NADP, 30 mM Tris-HCI buffer (pH 8. 3),
0. 67 mM MgCl; and enzyme.

Enzyme activity* Relative activity**

Group (unit/chick embryo) (%) P
Control 15.87-0. 3 100 —
Phenylalanine 15.540.2 98 >0.05
Tryptophan 13.8+0.3 83 <0.001
Tyrosine 13.0+0.3 82 <0.001

* One unit of enzyme activity was defined as 0.1 of optical density change per minute under the
experimental condition described in the text.
** Relative activities were expressed as percent of control.

Table 5. Protein level of whole chink embryo which had received aromatic amino acids (Phe, Trp,

Tyr).
Protein amounts Relative amounts*

Group (mg/chick embryo) (%) p
Control 146.97+12. 44 100 -
Phenylalanine 118.32+15.71 81 <C0. 001
Tryptophan 141.62+16. 32 96 >0.05

Tyrosine 111. 45410. 44 76 <0. 001

* Relative amounts were expressed as percent of control.

Table 6. DNA level of whole chick embryo which bad received aromatic amino acids (Phe, Trp,

Tyr).
G DNA amounts Relative amounts*
roup (mg/chick embryo) (%) p
Control 3.0%0.3 100 —
Phenylanine 2.7-+0.4 38 >0.05
Tryptophan 2.8+0.3 91 >0.05
Tyrosine 2.6+0.1 85 <0. 005

* Relative amounts were expressed assuming that of control being 100.
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Table 7. RNA level of whole chick embryo which had received aromatic amino acids (Phe, Trp,

Tyr).
RNA amounts Relative amounts*

Group (mg/chick embryo) (%) p
Control 10.14+0.7 100 -
Phenylalanine 8.3+0.7 82 <0.01
Tryptophan 9.6%0.1 95 >0.05
Tyrosine 8.3+0.6 83 >0.05

* Relative amounts were expressed assuming that of control being 100.

DNAZ g2 TyrFofiho] sl 2F(100%) ) ¥lal 88% % o4 A *7 Ast=dAs ¥
Phe, Trp5of 7+ 77}t 88%, 91% 2 o7 Zasgovt f24dol st RNAdtsx
Phefol 7o) 82% 2 <7 fol4dgial Aetsldg ¥ Trp, Tyr FdFel e 274 95%,
83% 2 %24 o] 919 ch(Table 63} Table 7).
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AAe Ao AT HEFS olv] =4t o o] g3 47+ Emanuelssons} Palén(1975)
°] z7|Alvh o] L-tryptophang Fo{2}gl-& o o} AA Ao 718 WA d4¢ HAs

I 2 78 Yo Avle] F43% L-trypotophano] serotonin® 2 sloj Azt oz yolk
granule«l a7t AA gt FAAct ke ey o] A Xy yolk yranules]
24 ql Fallol ol 2Fsz o] ¥alhd2 yolk granule ¥ 4] ¥ = = serotoning] of 3k
4 w7 W Folch. Serotonin#} serotoninad A& wha sle B L wlo] Fo ¥4 yolk gran-
wes) oot AQslel microvillie] 445 %ol AdAm W AL A ko] A
ot Aol &8 gla, X serotonin2 microtubule} microfillament?] ¥4 & AxpA o m
£28 = FAE gt} (Palen et al., 1979)

Yolk granule tryptophan¥ o} e} phenylalanine, tyrosines} 7+& wWrekE ofu) i alo
thagf-st gle] L-phenylalanineg §-of gt 7 $-o] = L-tryptophan %o ]9} 312 somite
block & 4=} 71388 4ol deindls Bz o] glvh(Palen and Thoneby, 1981).

ol g & ujA A somite A H FE o) sbA] obr] At analogued Alwle] Fol sl e
o £ Fabxich, Herrmann(1953)-& W% o}v] x4l analoguer} & 4F wlole] WAl ol
otz 225932 Rothfels(1954) &= iso-leucines} valinee] analogue® AL&3t43 o] 4] t}
%3 =719 somite blocke] §4s]= A& RAstgon] o9 7L olr| x4 analogues)
Sl i3 AL AL A g o, viotelAe) wuA FA oA g Foly
gl
22|} phenylalanined %ol g 73$3= feed back w7 He] 93 A AHql o} 2}
Fgol A% 71U Ao A5z ek by 2ol WAL welAe]
A Ao yolk granuleo] o] &3}y = o]t}

Flickinger(1949) 9} Mastrangelo(1966)->- phenylalanine®] amphibian, sea urching] uj o}
A Eo} 4 yolk granuled] &l & gtz B stgs Brucer Awl & A Eu yolk

4
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granule?] 3 & w3 6} antiserumo] & -3 wl oflof 4] w] oks}d somite blocke] ¢ el
dobeE A& A Asta

w2} yolk granuleo] w]mA wro] &gl wWaE ofu] 4% Alwjo] %ol shul feed back
A7y F o2 yolk granules] a7k A i Adeza v gaHe HA A5
o A3 o2 somite block 7] 8 & o] o 3= Aol

¥ ¢-Fol A % tryptophan, phenylalanine, tyrosined 27| #Aule] Fostge o 2% A
A494¢ Adehe Aoz vehon 22 A% £ BFE b kAe 1mgFeaT 15
o Fof A s gt & 4(DNASE RNA)-2- 7o vlef 24 AstsxE ggte
v Feg 559 @A) A AskE

=3 AAdu] A H AR AAANZY AEW &r)ws B E o
Aoz etz gl
19 22 A3 ZAZHE Aol g opnjin s
& 2.2 yolk granule®] X387} Ad sz Axpr oz sha §43 1 hate] o] go] x
5o} v 73 4% somited] Jol zelslE Ao AAEw Wik olu)i b Fol9}l somite
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Phenyalanine, tryptophan, tyrosine &} 758 w}&Z ofu] A& A} Z7]e] Foldlgl-2
o somited 4ol vl AL G FL 4 W AADNAE ALehel GAHoE 2G4
ofe] mAhg ol 3 Alwfoll A= kAT AA A *{*&01 dojvps A A Aol 2 7ha] of &
2 vl X5 somited] WAol BaAsw 7 22rl% chofaiy el

g A M EE chromatine] §&xw v]ELEe ole] dii= sbals] s sfo] Hax
A= ok

H-gk 2441 F- obm] o % ‘rol b 169 7F N-akek Alvje] 5 gl golyt w44 o
Ziof vlg] A A s Az ¢gke) lactate dehydrogenase, succinate dehydrogenase,

malate dehydrogenase %! glucose 6-phosphate dehydrogenases} & 7] zo) Abol] =08
Ag e BaBAL 2 Ade o

olot AL AYAARNE 2 AWl ol 1& Foldtul ofut® yolk granulee] i
7t A= AR oz AZuY ofv] el FEol shE o A of A7} o] Fol A% Lot
of v AFFAH dodo] el B o As
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Fig. 1. Micrograph of 0.1ml of 0.9% saline injected chick embryo. The somites were normally
developed. (x40)

Fig. 2. Micrograph of DL-tryptophan (500 gg in 0.1 ml of saline) injected chick embryo. Detrimental
effect on the nervous system and incomplete somite segmentation can be seen. (x40)

Fig. 3. Micrograph of DL-tryptophan (500 gg in 0.1 ml saline) injected chick embryo. Poor develo-
pment of somites was noted. (x40)

Fig. 4. Micrograph of L-phenylalnine (500 g in 0.1 ml of saline) injected chick embryo. The outl-
ine of somites was uncertain. (x40)

Fig. 5. Micrograph of L-tryosine (100 gg in 0.1ml of saline) injected chick embyo. Severe detrim-
ental effect on the nervous system can be observed. (x40)

Fig. 6. Micrograph of L-phenylalanine (1 mg in 0.1 ml of saline) injected chick embryo. Incomplete
somite segmentation was noted. (X 40)

Fig. 7. Micrograph of DL-tryptophan (500 ug) +L-tryosine (50 pg) injected chick embryo. Somites

were poorly developed and their sizes were variable. (x40)
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Micrograph of L-phenylalnine (500 xg)+DL-tryptophan (500 ug) injected chick embryo. A
poor development of somites was noted. (x40)

Electron micrograph of somite cell from 0.9% (0.1 ml) injected chick embryo. Normal mit-
ochondria (Mi) and nucleus (Nu) were seen. (x16,750)

Electron micrograph of somatic cell from 0.9% saline (0.1ml) injected chick embryo. Nor-
mal mitochondria (Mi), nucleus (Nu), and rough endoplasmic reticulum (rfER) were seen.
(%20, 000)

Electron micrograph of somitic cell from L-phenylalnine(500 #g in 0. 1 ml of saline) injected
chick embryo. Coagulated chromatins (Chr) were seen in the nucleus and some of mitoch-
ondria (Mi) were damaged. (X6, 750)

Electron micrograph of somitic cell from DL-tryptophan (500 xg in 0.1 m! of saline) injected
chick embryo. Some of mitochondria (Mi) were damaged. (X 10, 000).

Electron micrograph somitic cell from L-tyrosine (100 yg in 0.1 ml of saline) injected chick
embryo. Chromatins (Chr) were coagulated and some of mitochondria (Mi) were damaged.
(%10, 000)

Electron micrograph of somitic cell from DL-tryptophan (1 mg in 0.1 ml of saline) injected
chick embryo. Some of mitochondria (Mi) were damaged and nucleus was transformed. (X

10, 000). Arrows indicate the transformed nucleus.

. Electron micrograph of somitic cell from L-phenylalanine (1 mg in 0.1 ml of saline) injected

chick embryo. Mitochondria (Mi) and nucleus (Nu) were damaged. (%20, 000).

Electron micrograph of somitic cell from DL-tryptophan (1 mg in 0.1 ml of saline) injected
chick embryo. Mitochodria were damaged and some were vacuolized. Nucleus was transfor-
med considerably. (20, 000). Arrow indicates the transformed nucleus.

Electron micrograph of somitic cell from L-phenylalanine (500 ug) +L-tyrosine (50 pg)
injected chick. Some of mitochanindria (Mi) were vacuolized and nucleus were slightly
transformed. (x 16, 750)

Electron micrograph of somitic cell from L-tryptophan (500 ug) +L-tyrosine (50 pg) injected

chick embryo. Mitochondria were damaged and some were vacuolized. (10, 000)
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