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Abstract

We have isolated a new chicken gene that is a member of the cysteine-rich secreted protein family (CRISP). The CRISP family is

composed of over 70 members that are found in many phyla of organisms, including: vertebrates, plants, fungi, yeast, and insects. Here we

describe the cloning of a novel member of this family, SugarCrisp, and its expression pattern throughout chicken embryogenesis. We also

describe its utility as a marker of thyroid and pancreatic mesoderm in the developing chicken embryo and its expression within the human

and mouse in glandular tissue. q 2001 Elsevier Science Ireland Ltd. All rights reserved.
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1. Results and discussion

The cysteine-rich secreted protein (CRISP) family is a

large group of secreted proteins that function in some verte-

brates, insects and plants as venoms and toxins (King, 1996;

Schreiber et al., 1997). Several non-venomous family

members have previously been described in the mouse

and human, although the function of these proteins is

unknown (Schwidetzky et al., 1995, 1997; Kaplan et al.,

1999). These mammalian CRISPs are characterized by addi-

tional cysteine residues at their C-termini when compared to

the venomous CRISPs (Schwidetzky et al., 1995, 1997).

They are expressed within secretory glands of the adult

animal, including the salivary and reproductive glands

(Schwidetzky et al., 1995, 1997). We have cloned a novel

member of the CRISP family. The protein encoded by this

cDNA appears to be the homologue of a previously identi-

®ed human protein termed P25TI, due to their 90% similar-

ity at the amino acid level (Fig. 1; Yamakawa et al., 1998).

We have termed this gene SugarCrisp, after the breakfast

cereal.

The expression of SugarCrisp is ®rst seen in the meso-

derm of the emerging dorsal pancreatic bud at stage 17±18

(Hamburger and Hamilton, 1951) (Fig. 2A, white arrow-

head). Section in situ hybridization con®rms that this is

mesodermal expression within the dorsal pancreatic bud

(Fig. 2F±I, white arrowheads). Expression is also seen at

this time in the thyroid anlagen as two circles of expression

located between the emerging lung buds (Fig. 2B,F,H, red

arrowheads). Expression persists throughout the dorsal

pancreatic mesoderm through E6 as the pancreas continues

to enlarge (Fig. 2C,D). After E6, the amount of mesoderm in

the pancreas declines to a minimal level and little or no

SugarCrisp expression is seen (data not shown). The expres-

sion in the mesoderm of the thyroid persists at least through

E8 in the development of this organ (Fig. 2J). In addition to

the expression in the pancreatic and thyroid mesoderm,

there is a low level of expression of SugarCrisp within the

emerging lung buds (Fig. 2A,G). We also detected Sugar-

Crisp transcripts in regions of the developing gut. There is a
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stripe of expression at the junction between the proventri-

culus and the gizzard that does not encircle the entire

circumference of the gut tube (Fig. 2D,E, green arrow-

heads). Faint expression is also detected in a domain just

caudal to the pyloric sphincter (Fig. 2D, blue arrowhead), as

well as in the connective tissue surrounding the small intes-

tine (Fig. 2D,E).

Expression of SugarCrisp is also seen in the limb bud,

without much staining in other embryonic regions at this

stage (Fig. 3). This expression is seen as a patch of staining

in the anterior as well as the posterior regions of the limb

bud (Fig. 3, red arrowheads). The staining is much more

prominent in the posterior limb bud than in the anterior

limb bud (Fig. 3A±C). This expression is similar to that of

the anterior and posterior necrotic zones in the limb bud

(data not shown; Hinchliffe and Ede, 1973; Ferrari et al.,

1998). Finally, at stage 21, staining is seen in the neck

region (Fig. 3A, blue arrowhead). This staining becomes

more intense by stage 26 and appears to be localized to

the most anterior region of the heart (Fig. 3B,C, blue arrow-

heads).

We have also cloned the human (P25TI, Yamakawa et al.,
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Fig. 1. Comparison of the protein sequences of chicken SugarCrisp and human SugarCrisp (P25TI).

Fig. 2. Expression of chicken SugarCrisp in the thyroid, dorsal pancreas, gut and lung buds seen in whole mount and section in situ hybridization. (A,B) Stage

18 embryo. (C) E4 embryo. (D) E6 embryo, viewed from the left side. (E) E6 embryo, ventral view. (F) Longitudinal section through a stage 18 embryo. (G,H)

Frontal sections through an E4 embryo. (I) Longitudinal section through an E5 embryo. (J) Longitudinal section through an E8 embryo. Red arrowheads point

to staining in the thyroid; white arrowheads point to staining within the pancreas; yellow arrowheads indicate the position of the lung buds; green arrowheads

indicate staining at the junction between the proventriculus and gizzard, the blue arrowhead points to staining caudal to the pyloric sphincter. Yellow asterisks

denote the position of the gizzard in panels F and H. The white asterisk in panel C marks trapping of the riboprobe within the lumen of the gut and does not

represent a true domain of SugarCrisp expression. Anterior is up in all panels.



1998) and mouse homologues of SugarCrisp. While a thor-

ough examination of expression in these organisms is

beyond the scope of this study, we wanted to do a prelimin-

ary analysis of expression in adult tissues for comparison to

the other vertebrate CRISP genes, which have only been

reported in studies of adult mammals. To this end, we

utilized commercially available multiple tissue blots to

examine the expression of SugarCrisp. Like other known

CRISP genes, SugarCrisp is expressed in a variety of adult

glandular structures in humans and mice, including the pros-

tate, mammary gland, salivary gland, and thyroid gland.

SugarCrisp is also expressed in a number of organs where

other CRISP genes have not been reported, including skele-

tal muscle, smooth muscle, heart, and the ovaries (data not

shown).

2. Material and methods

The chicken SugarCrisp gene was cloned using a screen

designed to isolate secreted molecules (Jacobs et al., 1997).

We then used the chicken cDNA as a probe to screen human

and mouse libraries for the mouse and human homologues

of SugarCrisp. To generate a probe for in situ hybridization,

we cloned the open reading frame for SugarCrisp into pBS.

A riboprobe was generated by linearizing the construct with

SacI and transcribing with T7 RNA polymerase. Whole

mount and section in situ hybridization were performed as

described (Riddle et al., 1993; Vortkamp et al., 1996).

Human and mouse Master Blots were purchased from Clon-

tech Laboratories, Inc. The mouse RNA masterblot was

hybridized with a mouse SugarCrisp cDNA. The mouse

SugarCrisp cDNA fragment was isolated using standard

techniques. The labeled probe was denatured and hybridized

overnight with the blot. The human cDNA was isolated and

labeled in a similar manner and the labeled human Sugar-

Crisp fragment was hybridized to the human blots. Blots

were washed according to manufacturer speci®cations and

exposed to ®lm. Film was developed and analyzed using

standard techniques.
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Fig. 3. Whole mount in situ hybridization of chicken SugarCrisp showing

expression in the limb buds and neck region. (A) Stage 21 embryo. (B)

Stage 23 embryo. (C) Stage 26 embryo. Red arrowheads point to limb

staining, while blue arrowheads point to staining within the neck region.

Staining within the head in panels B and C represents trapping of the

riboprobe and not a real expression domain.
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