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The transpla担t説。ロ ofc巴凶器rcells i註toearly gastrula embryos induced secondary embryos in horseshoe 

crabs (Itow and Mochizuki， 1988; Itow et alけ 1991a)咽 Besides， the microinjection of several chemical re品目昨日ts
induced secondary embryos in horseshoe crabs. Especially calcium ionophore A23187 (C品lbiochem-Behring

Co.) induced secondary embryos品ta high raおほめ'wet al.， 1991b). 

つrhecalcium ionophore is known to stimulate the influx of calcium ion into cells. We examined the effects 

of calci立mionophore on hOfseshoe cr昌bembryonic developments by treatments at different developmental 

st札ges.Four types of malformations were induced by the short time tr巴atmentwith calcium ionophore. In the 

pres問 tpaper， these malformations are characterized. 

Materials and Methods 

Adult horseshoe crabs， Limulus poち'phemuswere sent from Woods Hole Marin也 Labor旦tory，Mas-
sachusetts. They were transferred to Shizuok品University，wher巴thepresent study was conducted. 

Fertilized eggs were obtained with the artificial insemination. Embryos at正iiffere蕊tdevelopmental 8t呂ges

W邑retreated with calcium ionophore A23187 (Calbiochem-Behring Co.) . Each interval of a deveIopm巴ntal

8tage and the next stage is about half a day. Calcium ionophore was firstly dissolved in dimethylsulfoxide 

(DMSO)， then dissolved in sea water. The話nalconcentrほionof DMSO was less than 1%. The final conce任

tr，品tionof calcium ionophore and the duration of tr告訴mentare shown 註 theresnlts. Many groups of 40 

embryos each were treated for a short tIme in small laboratory dishes filled WIth 1 ml se註watercontaining cal-

ciむmionophore. After treatment， the embryos were returned to normal sea w証terwhich w品srenewed every 

days. 

Normal 紐 dtr・古atedεmbryos were vitaHy stained wIth 1/20， ∞0-1/400，000 neutral red in sea water and 
th問。b孟er苧edunder a stereomicro富cope.The embryos were observed註tStages 20， 21 (hatc註i設事 stage)and 

the stages after hatching. 

Results and Discus咽ion

Conditions of treatments with calcium ionophore 

The conditions for form謀説。'1lof deformed embryos were証書 foJlows.(1) Developmental St証書記.Four type芭

of malformations were induced after the treatment at each stage from Stage 1 (the stage immediately after 

insemination) to Stage 13 (the stage of appearance of body s思gm記ntstructures)‘Embryos at earlier stages 

明'ereconsid♀rably affected by treatments of calcium ionophore‘Many embryos at earlier stages f皐iledto de-

velop after tr己atmentsof calcium ionophore， while the same treatment at later宮tagescould permit embryos to 

develop to the advanced stages (Fig. 1). (2) Duration of treatment. Deformed embryos were induced by the 

treatment of the ionophore for only 5 min. No embryos treated before Stage 7 (early gastrula) developed by 

the tre組nentfor more than a few hom宮昌tmore than 50pg Imlむalciumionophore. Some embryos aft号rStage 

7 could d記velopafter exposure to 100μg Iml caIcium ionophore for even 12 h， The abnormal embryos were 

obtained by the treatment of various duration from 5 min to 12 h， mainly for 10 to 30 min at those stages 

(Fig. 2). (3) Conωntration of calcium ionophore. The embryos before Stage 7 were not developed by the 

treatment at 100μg hnl calcium ionophore for more than 10 min. Deformed embryos were obtained efficiently 

by the tr儲むnent昌t5upg Iml c昌lciumionophor忠 fora few ten minutωbefore Sta喜;e7. The embryos at寄託.ch
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Fig. 1 Results of treatments with 100μg Iml calcium ionophor号forvarious dur註tionsfrom 5 min 

皐nd1 h at different developmental stages. 120 to 639 embryos were treated at each stage. ・rateof developed embryos， 0: rate of malformed embryos against all treated 
embryos. 

st丘gefrom Stage 8 to Stage 13 often developed as deformed embryos after the treatment for 10 to 30 min昌t

100f1g Imlむalciumionophore. 

Onep岱rcentDMSO did not affect on the development of horseshoe crab. 

Characteristics of the malformations after the treatments with calcium ionophore (Fig. 3) 

1. Embryos with big head (Fig. 4a) 

The embryos at each stage from Stage 1 (immediately after insemination) to Stage 6 (late blastula stage) 

developed with big heads after the treatment with calcium ionophore. This type of malformations had the nor-

mal anterior part and the extremely incomplete posterior part of embryos. The degree of malformation and 

other characteristics did not differ among the monsters obtained by treatments at different stages.τbe normal 

anterior part of monsters with big heads was the prosegmental part and the first segment. The right and Ieft 

appendages of the 2nd and 3rd segments often fused at the middle line of bodies in these mOllsters (Fig. 5). 

2. Multiple embryos (Fig. 4b) 

The multiple embryos were illdllced after the treatmellt of calcium ionophore at blastura stage and early 

gastrula stage， especially early gastrula stage (Stage 7) . The multiple embryo had two or more bodies in all 

egg. 

Calcium iOllophore呂IldcaJcium ion m韮.yaffect on the embryonic development of horseshoe cr昌bsas fol・

lows: (1) induction of the differentiation of center cel!s， (2) production of inducers from the center cel!s， (3) 

increase of cell number accepting the inducer， and/or (4) indirect stimulation of these systems. The analysis of 

the induction system is expected in the future. 
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Fig. 2 Results of treatments at 50μg Iml caicium ionophore for different times at Stage 7. 80 

embryos were treated for each treatment. . : rate of developed embryos， 0 : rate of 
malformed embryos among all treated embryos. 
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Fig. 3 Percentage of each malformation induced by treatments with caicium ionophore at diffe-

rent stages. • : monsters with big heads，マ multiplemonsters，圃 monsterswith de-

fects and fusions of segments and appendages， 0 : monst巴rswith multiple eyes 
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Fig. 4 Malformations induced by treatments with calcium ionophore. a: monster with big head， 

b: multiple monster， c: monster with fusions of segments and appendages. 
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Fig. 5 Monsters with big heads induced by treatments at different stages. The parts with appen-

dages are shown in this figure. The segments with a pair of normal appendages and with 

only fused appendages are shown as large and small squares， respectively. Bars show the 

standard deviations (n 9 to 27) . 



13 

3. Embryos with defects and fusions of segments and appendages (Fig. 4c) 

After the treatments with calcium ionophore at late gastrula stage (from Stage 8 to Stage 10) embryos de-

veloped with defects and with fusions of segments and appendages. The position of defects and fusions was 

mainly the 4th and 5th segments (Fig. 6). 

4. Embryos with multiple eyes (Fig. 7) 

When embryos at each stage between Stage 10 (the stage of late gastrula or the stage of completion of 
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Fig. 6 Comparison of the length of two portions of the appendages in normal embryos and seg-

ment defective ones having five pairs of prosomal appendages.・:normal embryos， 0 : 
segment-defective embryos. Bars show the standard deviation. II to VI: 2nd to 6th 
appendages of normal embryos. B to E: 2nd to 5th appendages of segment-defective 

embryos 

Length of patella 

Fig. 7 Monster with multiple eyes. a: whole feature， b: enlargement of eye portion. 
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germ disc) and Stage 13 (the stage of appearance of segment structures) were treated with calcium 

ionophore， the lateral eyes were increased in number by the treatment of calcium ionophore. A normal embryo 

had a pair of eyes， but the monster with multiple eyes often had two pairs of eyes. The position of the post-

erior eyes in these monsters was the same as or similar to that of normal eyes. The anterior eyes of these 

monsters were situated at abnormal anterior positions 

The embryos treated at Stage 10 often had the both malformations of defective segments and multiple 

eyes. We c1assified these monsters into the monster with multiple eyes. The position of defects of these 

embryos was at the 4th and 5th segments. Most of the embryos treated at each stage from Stage 11 to Stage 13 

had only one abnormality， that is， the multiple eyes (Fig. 8). 
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Fig. 8 Abnormality of the monsters with multiple eyes induced after treatments at different 

stages. The abnormality was the defects and fusions in or near the 4th and 5th segments. 

Solid square: percentage of monsters with only multiple eyes， open square: percentage of 

monsters with multiple eyes and other abnormalities. 

The monsters with multiple eyes must be the experimental system for the analysis of eye formation and 

nervous development. 
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