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Abstract
Background:  Rab GTPases are regulators of intracellular membrane traffic. The Rab27 subfamily
consists of Rab27a and Rab27b. Rab27a has been recently implicated in Griscelli Disease, a disease
combining partial albinism with severe immunodeficiency. Rab27a plays a key role in the function
of lysosomal-like organelles such as melanosomes in melanocytes and lytic granules in cytotoxic T
lymphocytes. Little is known about Rab27b.

Results:  The human RAB27B gene is organised in six exons, spanning about 69 kb in the
chromosome 18q21.1 region. Exon 1 is non-coding and is separated from the others by 49 kb of
DNA and exon 6 contains a long 3' untranslated sequence (6.4 kb). The mouse Rab27b cDNA
shows 95% identity with the human cDNA at the protein level and maps to mouse chromosome
18. The mouse mRNA was detected in stomach, large intestine, spleen and eye by RT-PCR, and in
heart, brain, spleen and kidney by Northern blot. Transient over-expression of EGF-Rab27b fusion
protein in cultured melanocytes revealed that Rab27b is associated with melanosomes, as observed
for EGF-Rab27a.

Conclusions:  Our results indicate that the Rab27 subfamily of Ras-like GTPases is highly
conserved in mammals. There is high degree of conservation in sequence and gene structure
between RAB27A and RAB27B genes. Exogenous expression of Rab27b in melanocytes results in
melanosomal association as observed for Rab27a, suggesting the two Rab27 proteins are functional
homologues. As with RAB27A in Griscelli Disease, RAB27B may be also associated with human
disease mapping to chromosome 18.

Background
Rab proteins constitute a large group within the Ras su-

perfamily of low molecular weight GTPases. Rab GTPas-

es regulate vesicular transport steps in endocytic and

exocytic pathways, acting as molecular switches oscillat-

ing between active GTP-bound and inactive GDP-bound

states [1,2]. Over 50 different Rab proteins have been

identified to date in mammalian cells while the yeast S.

cerevisae has 11 Rabs (termed Ypt and Sec4) [3,4]. With-

in this family of proteins, most members share about
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35% identity, while there are some Rabs that show unu-

sually high identity (more than 70%) and are considered

isoforms, eg, Rab1a and Rab1b.

The Rab27 subfamily consists of Rab27a (previously des-

ignated Ram) [5] and Rab27b (previously designated

c25KG) [6]. Rab27a was initially cloned from a meg-

akaryocyte library and subsequent studies revealed that

it is expressed in haemopoietic-derived cells, melano-

cytes in skin and eye, lung, pancreas and intestine

[5,7,8]. Other tissues such as liver, kidney, brain and

muscle show little if any expression of Rab27a. In a pre-

vious study, we reported a characterization of the human

RAB27A gene [9]. The RAB27A gene comprises five cod-

ing exons and two non-coding exons, of which one is al-

ternatively used, and spans approximately 65 kb of DNA.

RAB27A was mapped to chromosome 15q21 by fluores-

cence in situ hybridization and radiation hybrid map-

ping.

More recently, RAB27A was identified as one gene re-

sponsible for Griscelli Disease [10]. Griscelli Disease is

caused by two unrelated genes coincidentally mapping

very close to each other at the 15q21 locus, RAB27A and

MYO5A [11,12]. Griscelli Disease is a rare autosomal dis-

order characterized by partial albinism, variable cellular

immunodeficiency and an acute phase of uncontrolled T

lymphocyte and macrophage activation. In some cases, a

neurological defect rather than immunological disease
prevails. It appears that Griscelli Disease associated with

immunological disease is caused by mutations in

RAB27A, while Griscelli Disease associated with neuro-

logical disease is caused by mutations in MYO5A [10].

Mouse models for Griscelli Disease already exist and

they are the result of mutations in Rab27a (ashen mouse,

ash) or MyoVa (dilute mouse, d) [13,14].

Griscelli disease and related diseases such as Herman-

sky-Pudlak and Chediak-Higashi syndromes involve de-

fects in intracellular sorting, maturation and/or

secretion of specialized lysosome-like organelles. These

have also been called "secretory" lysosomes and exam-

ples include lytic granules in T lymphocytes, dense plate-
let granules, and melanosomes in melanocytes [15]. Our

recent studies suggest that Rab27a plays a critical role in

the biology of secretory lysosomes. In melanocytes,

Rab27a seems to be required with Myosin Va for the pe-

ripheral capture of melanosomes [16]. In cytotoxic T

lymphocytes, Rab27a is required for the secretion of lytic

granules and thus for target cell lysis [10,17].

Much less is known about Rab27b. Rab27b was original-

ly purified from platelets and cloned from melanoma

mRNA by RT-PCR [6,8]. As a first step towards the study

of RAB27B and its possible involvement in human dis-

ease, we report here a characterization of the human and

murine Rab27b genes.

Results
Gene Structure of the human RAB27B gene
To study the gene structure of RAB27B, three P1 clones

containing inserts of 90 kb (designated gs15454), 86 kb

(gs15455) and 97 kb (gs15502) respectively, were isolat-

ed. Hybridization of the RAB27B cDNA (U57093) probe

to DNA digested with Eco RI, Hind III and Bam HI gave

the same pattern of bands for genomic and P1 DNA indi-

cating that RAB27B is a single copy gene and that the P1

clones contain this gene. The sizes of the restriction frag-
ments hybridizing to each exon are given in Table 1. The

exon/intron boundaries were determined by sequencing

following subcloning of four Eco RI fragments contain-

ing the exons. The exon/intron boundaries are given in

Table 2. In Table 3, we present the sequence of pairs of

oligonucleotides that will amplify each of the coding ex-

ons of RAB27B from genomic DNA and therefore may be

used for future mutation analysis.

Table 1: Restriction fragment sizes hybridising to each exon

RAB27B Eco RI Kpn I Nde I Nco I Sac I Sma I Spe I
exon (no.)

1 7 15 8.5 10 20 8.5 8
2 5.5 14 10 9 15 45 11
3 5.5 14 10 9 15 45 11
4 4.5 14 7.5 9a 15 45 11
5 4.5 13 4 8 15 45 <4
6 1.2 13 4 8 15 45 <4

a There is a Nco I site within exon 4, and this Nco I fragment contains only the 5' end of exon 4 along with part of intron 1 and exons 2 and 3.
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Extensive Southern analysis with a variety of enzymes

and probes specific for each exon allowed the exons to be

mapped relative to each other (Fig. 1). Exons 2, 3, 4, 5

and 6 could all be accurately mapped in relation to each

other and lie within about 19 kb and our studies suggest-

ed that exon 1 was located at least 30 kb from exon 2.

While this work was in progress, sequence from two

BACs containing the human RAB27B gene were deposit-

ed in the database of high throughput genomic sequence

(NCBI). The genomic sequences have the accession num-

bers AC007673 and AP001910. The BAC AC007673 con-

tains exon 1 (55,377-55,154), exon 2 (6,287-6,116) and

exon 3 (4,485-4,400). The exons 4 and 6 are in the BAC

AP001910 (96,303-96,200 and 116,297-115,786) but the

partial sequences of this BAC are unordered. The genom-

ic sequence for exon 5 was not found in the AP001910 se-

quence probably due to the sequence of this BAC being

incomplete.

Northern blot analysis by Chen et al. [8] showed the most
abundant transcript in most tissues to be of approxi-

mately 8 kb which is much larger than the 1.026 kb cDNA

(U57093) reported by the same authors. The cDNA was

cloned by RT-PCR of the coding region followed by 5' and

3' race and it is unlikely that the 3' race would have ex-

tended through a large 3' region of several kilobases. Da-

tabase mining allowed us to identify the full 3' region of

the mRNA. Using the U57093 sequence, we searched the

human EST database and identified 9 ESTs; AA588753,

AI432357, AA812916, AA846320, AW664866,

AW370404, AW592937 (these 7 ESTs make up UniGene

Hs.97189), BF088963 and BF243879. The most 3' of

these, AW592937, did not bring up any more ESTs. How-

ever, searching the EST database with the corresponding

region of the AP001910 BAC sequence identified a fur-

ther 31 ESTs which are probably located in a single 6.6 kb

3' exon. Ten of these ESTs (BF438386, AI732288,

AI798733, AW468475, AI473744, AW242160,

AI277199, BF216951, R39044, BF002851) share the

same 3' end and none extend beyond this point, making

it highly likely that this is the most frequently used 3' end

of the RAB27B mRNA. The other ESTs are; AA659732,
AA621327, AA386051, AV749183, AA846320,

AA580411, BF245563, BE878236, BF446484,

Table 2: Exon/intron organisation of human RAB27B gene

RAB27B 
exon (no.)

Exon size (bp) Coded aminoacid (no.) 5' and 3' end sequence of exon Intron size (kb) Aminoacid(s) interrupted

1 71 cgggagttccagGGCTTGGGAGG... >30
...CTTCGCAGGCTGgtgagttgggaa

2 172 51 tctcctatacagACCGACCAAGAC... 1.6 Val51/Val52
...GAAAAACGTGTGgtgagtttttaa

3 86 28 tgtatctttcagGTTTATAATGCA... 5.3 Arg80
...GGGACAAGAGCGgtaatagtaaat

4 104 34 tttccttggcagGTTCCGGAGTCT... 3.5 Ser115
GAAACTGGATGAgtaagtgggact

5 124 40 tttcttttcaagGCCAACTGCAAG... 1.1 Gly156
...TGACAAATATGGgtaagtcagtta

6 6,624 63 tttctatgctagCATACCATATTT...

Table 3: Primers for amplification ofRAB27B coding regions

RAB27B exon (no.) PCR fragment size (bp) Sense primer Antisense primer

2 252 5'-actttaatcaaaacatacttgttttcc 5'-gggatgagtgacaaggttagaagtacg
3 192 5'-tgagtgctgacaaaatccaaagcaacc 5'-agtaagtttttctaagctatgtgtagc
4 209 5'-tgtggactaactttcagaactaccc 5'-aacaagcacctaaagcagttgagt
5 237 5'-tttatcaataacttgctggttccat 5'-atctaatgtctctgctccatttgt
6 252 5'-tcaaaaatatttgccatgctttcta 5'-gggttcttgatgttcagtttctatg
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BF246274, BF218405, AI697958, BF245714, BF216086,

BF245940, AW340618, H25594, R69522, BF246185,

R69389 and BE697849. Most of these ESTs fall within

an anonymous 2.586 kb cDNA in Genbank called

AF131784 [18]. The sequences from our gs15454, ESTs,

AF131784, and AP001910 have been combined to com-
pile a 7.3 kb cDNA, which may represent the complete

cDNA for RAB27B. The compiled sequence is available at

our laboratory web site (http://www.med.ic.ac.uk/divi-

sions/4/hrab27b.txt or http://www.med.ic.ac.uk/divi-

sions/4/seabra_research.asp)

Figure 1 shows the distribution of the exons determined

by restriction mapping and sequence analysis, selected

Eco RI, Sma I, Sac I, Nco I, Kpn I and Spe I sites present

and the extent of each P1 clone are shown. P1 clone

gs15454 contains all 6 exons and at least 3.5 kb of DNA 5'

of exon 1. P1 clone gs15455 contains exons 2 to 6 and P1

clone gs15502 contains exons 4 to 6. The RAB27B gene

spans about 69 kb with the untranslated exon 1 separat-

ed from exon 2 by 49 kb. Translation terminates approx-

imately 200 bp into the very large exon 6, which is about

6.6 kb in size.

An EST found in GenBank (BF243879) contains an extra

152 bp of sequence in the 5' UTR, which is not present in

the cDNA reported by Chen [8]. This extra sequence is

present in a BAC (accession no. AC007673) and in our P1

clone (gs15454), is probably part of exon 1 and was there-

fore included in the compiled cDNA sequence. Two kb

upstream of the start of transcription (accession no.
AC007673) was analysed using MatInspector/TRANS-

FAC (http://www.hgsc.hcm.tmc.edu). Numerous poten-

tial transcription-factor binding sites can be found in the

possible promoter region. This region contains 41% of

C+G and the promoter prediction by neural network (ht-

tp://www.hgsc.hcm.tmc.edu) shows three possible pro-

moter sequences (at 13,104; 13,357 and 14,780) and two

for the reverse sequence (at 14,546 and 13,542) in the
BAC (accession no. AC007673).

cDNA cloning and expression of the murine Rab27b gene
In order to obtain a cDNA encoding mouse Rab27b, we

attempted RT-PCR from different mouse tissues using

primers derived from the known human sequences

around the start and stop codons. We successfully ampli-

fied a fragment from intestinal RNA which was then sub-

cloned and sequenced. The fragment showed 89% and

94% identity at the DNA and amino acid levels respec-

tively with human RAB27B, and only 67% and 71% iden-

tity at the DNA and amino acid levels respectively with

RAB27A. BLAST searching the mouse EST database

identified one IMAGE clone (Genbank AI317047) that is

identical to our sequence. Further sequencing of this

clone showed that it spans the RAB27B cDNA coding re-

gion. We concluded that the sequence represents the

mouse ortholog of RAB27B and was deposited in Gen-

bank under accession number AF328893.

Searching the mouse EST database with the correspond-

ing 3' end region of the AI317047 sequence identified a

further 33 ESTs (AI643928, BB559600, BB316219,

BB378261, AV376027, BB549470, BB254935,

BB317086, BB183652, BB147117, BB110158, BB319088,
BB112138, AV086385, BB268115, BB267030,

AV330192, BB128597, BB005939, AV227565BB106617,

Figure 1
Restriction map of RAB27A and neighboring genomic sequences. The map at the top shows the RAB27B gene structure with
some restriction sites. The numbers between exons represent the sizes of each intron and the black boxes represent the
exons. The three lines below represent the P1 clones.
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AV371120, BB524432, BB263040, AV360152,

BB144635, BB149815, AV229102, BB008967,

BB273472, BB311744, AV226744 and BB535273) shar-

ing the same 3' end and none extend beyond this point,

making it highly likely that this is the most frequently

used 3' end of the mouse Rab27b mRNA.

RT-PCR also allowed us to also isolate a fragment span-

ning the coding region of the mouse Rab27a cDNA. The

sequence shows 88% and 96% identity at the DNA and

amino acid levels respectively with human RAB27A, and

only 67% and 72% identity at the DNA and amino acid
levels respectively with RAB27B. We concluded that this

sequence represents the mouse ortholog of RAB27A.

While this work was in progress, a mouse cDNA for

Rab27a was deposited in GenBank under accession

number AF304376. Searching the mouse EST database

with the mouse Rab27a identified 5 ESTs (BE369888,

AI036507, AA204414, BE573054 and BE226035). A

comparison between human and mouse Rab27a and

Rab27b amino acid sequences reveals extensive se-

quence conservation across mammals (Fig. 2).

We then compared the expression pattern of Rab27a and

Rab27b in the mouse. We first conducted extensive RT-

PCR studies and we observed that Rab27a mRNA ap-

pears more abundant than Rab27b in every one of over

10 different tissues studied (Fig. 3). Rab27b mRNA could

only be amplified from stomach, large intestine, spleen

and eye. In cultured mouse melanocyte cell lines, melan-

a, melan-b and melan-c, we observe only Rab27a expres-

sion (Fig. 3). Then we performed Northern analysis.

mRNA from various mouse tissues revealed a 2.5 kb

Rab27b message which may correspond to our 2.47 kb

cDNA and also an 8 kb message present in lower levels

that appears similar in size to the prevailing message in

Homo sapiens. Rab27b mRNA is detectable in heart,
brain, spleen and kidney, and at low levels in lung and

liver (Fig. 4). A 3.5 kb Rab27a message was detected in

heart, spleen, lung and kidney, and faintly in brain, liver

and testis (Fig. 4).

Mapping the human and mouse Rab27b genes
Radiation hybrid mapping with the GeneBridge 4 Radia-

tion Hybrid Panel indicated that RAB27B is located on

chromosome 18. More precisely, RAB27B was found to

map 9.5 cR below marker WI-4115 and 3.9 cR above

marker AFM3577TD5. These and surrounding markers

have been localised to 18q12.3-21.1. For example, marker

WI-8740 has been placed between D18S474 and D18S64

Figure 2
Protein sequence alignment between human RAB27A, mouse Rab27a, human RAB27B and mouse Rab27b.
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(71.3-83.0 cM) on the GB4 RH map. To confirm the lo-

calization obtained by radiation hybrid mapping, we per-

formed FISH analysis using P1 clone gs15454 as a probe

on cells from a patient containing a deletion in chromo-

some 18 (Fig. 5) [19]. We observed in all cases only one

signal with the RAB27B probe while a chromosome 18

centromere probe revealed two signals in almost all met-

aphases. Therefore RAB27B appears to be located on

chromosome 18 and lies within the region q21.1-qter,

which is deleted in this patient. The combined mapping

results strongly suggest that RAB27B is located on

18q21.1.

Syntenic conservation between human chromosome

18q21.1 and the murine genome suggested that Rab27b

is located on either mouse chromosome 1 or 18 (http://

www.ncbi.nlm.nih.gov/Homology/). We used the cDNA

sequence to design oligonucleotides for radiation hybrid

mapping in the mouse genome. Using the Mouse/Ham-

ster Radiation Hybrid panel, we mapped Rab27b to

chromosome 18 between markers D18Mit33 and

D18Mit141, more precisely 5.6 cR from D18Mit33

(lod>3.0).

A BAC (AP001910) that contains the 3' end of RAB27B,

also contains an additional gene called CTCL tumor anti-

gen se57-1 [20]. This corresponds to the cDNA AF273051

in Genbank and 10 sequences in the EST database;

AI800280 (this is UniGene cluster Hs.208095),

H02496, AI823801, AW148635, N51464 (these 4 are

UniGene cluster Hs.30315), N53604, AI767468,

AI350671, and H02495, AW600293. It consists of at

least 11 exons and is largely included in the BAC except

its 5' most 70 bp. It is probably the next gene 3' of

RAB27B but its distance and relative orientation is not

clear as the BAC sequence is not complete.

Subcellular distribution of Rab27b
We recently studied Rab27a subcellular distribution in

melanocytes [16]. We showed that Rab27a is associated

with melanosomes, the specialized pigment-containing

organelle in melanocytes. The similarity of Rab27a and b
isoforms led us to hypothesize that Rab27a and b isofor-

Figure 3
Expression of Rab27a and Rab27b in mouse tissues and melanocyte cell lines. Rab27a and Rab27b specific primers were used to
amplify fragments of 445 bp and 550 bp respectively from the indicated mouse tissues (A) and melanocyte cell lines (B), as
described in Materials and Methods. The PCR products were analysed on an agarose gel stained with ethidium bromide. The
arrows on the left-hand side of the figure indicate positions of DNA marker sizes. Hprt was used as an internal control. Reac-
tion performed without reverse transcriptase did not produce any detectable product.
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ms may fulfill similar functions. As a first step to test this

possibility, we compared the subcellular location of over-

expressed GFP-fusion proteins (EGFP-Rab27a and

EGFP-Rab27b) in cultured mouse melanocyte cell line

melan-c (Fig. 6) [21]. We found that both EGFP-Rab27a

(Fig. 6A) and EGFP-Rab27b (Fig. 6D) exhibit a similar

distribution pattern. In particular, both fusion proteins

are found to be associated with 0.5 µm cytoplasmic
structures distributed at the periphery of melanocytes,

often in the dendritic processes. Staining of transfected

melan-c cells using antibodies reactive to the melano-

some resident protein TRP-1 (Fig. 6B,E,H), revealed a

high degree of co-localisation between the proteins, sug-

gesting that the structures containing over-expressed

EGFP-Rab27a (Fig. 6C) and EGFP-Rab27b (Fig. 6F) are

melanosomes. Consistent with melanosomal association

of Rab27b with melanosomes in melan-c cells, we also

observed association of EGFP-Rab27b with pigment

granules in the pigmented melanocyte cell line melan-b

(data not shown). The specificity of the association of
Rab27 isoforms with melanosomes was shown by tran-

sient over-expression of EGFP-Rab1a (Fig. 6G-I), EGFP-

Rab5, EGFP-Rab6 and EGFP-Rab8 (data not shown)

Figure 4
Northern blot analysis of expression of Rab27a and Rab27b in mouse tissues. Rab27a and Rab27b-specific probes were used as
described in Materials and Methods. The arrows on the left-hand side of the figure indicate positions of the RNA marker sizes.
β-actin was used as a loading control.
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proteins in these cells. None of these Rabs co-localised

with melanosome markers.

Discussion
We report here an initial characterization of the Rab27b

gene in mammals. The human RAB27B gene is found to

consist of 6 exons spread over about 69 kb. The first,

non-coding, exon is separated from the others by 49 kb

and the end of translation is located within exon 6. This

structure is very similar to the human RAB27A gene [9],

the exon/intron junctions are present at the equivalent

positions and there is high sequence similarity (67%

identity at the DNA level and 72% in the protein). It is

likely that a duplication event has occurred to generate

the two genes encoding the two isoforms of Rab27. Un-

like RAB27A however, exon 6 in RAB27B has a very long

Figure 5
Chromosomal localization of human RAB27B locus. A P1 clone containing RAB27B was used to probe by FISH as described
under Materials and Methods human lymphocyte metaphase spreads from a patient containing a deletion in chromosome 18
[24].
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(6.4 kb) 3' untranslated region but the significance of this

finding is unclear at present.

The sequence of the human RAB27B cDNAs and genom-
ic DNA that we have analysed is found to differ slightly

from that previously described by Chen et al. [8]. One

important difference affects the putative translation of

the gene as it occurs in the coding region. We found that

codon 206 is TTG (leucine) rather than the reported TGG

(tryptophan). We sequenced several independent cDNA

clones and genomic clones and our sequence matches
five ESTs (Genbank AI432357, AW664866, AA812916,

AW370404 and BF088963) in the database that overlap

Figure 6
Transiently over-expressed EGFP-Rab27a and EGFP-Rab27b, but not EGFP-Rab1a, associate with melanosomes in melano-
cytes. Melan-c cells were transfected with pEGFP-Rab27a (A-C), EGFP-Rab27b (D-F) or pEGFP-Rab1a (G-I) and fixed 48 hours
later, as described in Materials and Methods. Panels A, D and G show the distribution of the indicated over-expressed EGFP-
Rab fusion protein in melan-c cells. B, E and H show the distribution of the melanosomes resident protein TRP-1. C, F and I
show the extent of colocalisation of each overexpressed fusion protein with melanosomes. Bars = 20 µm
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in the region where there is disparity with the Chen et al.

[8] sequence.

The mouse rab27b cDNA shows 89% at the DNA and
95% at the protein level with the human RAB27B cDNA.

On Northern analysis, the mouse mRNA is only 2.5 kb in

size which is considerably smaller than the 8 kb human

mRNA. This smaller mRNA size corresponds with the 3'

ends determined by a large number of mouse ESTs and

is likely due to a much shorter 3' UTR in the mouse com-

pared to the human gene.

Our expression analysis by RT-PCR suggests that

Rab27b is expressed at lower levels than Rab27a. How-

ever, the PCR was not done under quantitative condi-

tions and this could be the result of different rates of

amplification of the different PCR fragments. On the oth-

er hand, both mRNAs were detected at approximately

the same levels on Northern blots. Our Northern blots of

mouse tissues indicated that mouse Rab27a is expressed

in heart, spleen, lung and kidney while Rab27b is ex-

pressed in heart, brain, spleen and kidney. This distribu-

tion is somewhat different from our RT-PCR results for

mouse tissues but this could be due to the presence of

contaminating blood in the tissues used for analysis as

Rab27 proteins are expressed in haemopoietic cell types.

It remains to be established whether Rab27b is ex-

pressed in melanocytes. The initial cloning of Rab27b by

RT-PCR from human melanoma cells [22] would suggest
that it is but our RT-PCR analysis on several melanocyte

cell lines proved negative. Future studies with specific

antibodies should clarify this issue.

The sequences of the human and mouse Rab27a and

Rab27b genes confirm the extensive similarity between

the two proteins. This suggests that these two Rab27 iso-

forms may be functional homologues which are active in

different tissues. One would then expect the two proteins

to be targeted to the same intracellular location in the

same cells. We decided to study the subcellular localiza-

tion of Rab27a and Rab27b in melanocytes as we have re-

cently shown a very specific association of Rab27a with

melanosomes, the specialised pigment-containing struc-

tures in these cells [16]. Upon expression of GFP-Rab27

fusion proteins in melanocytes, we found that GFP-

Rab27b, like GFP-Rab27a, co-localises to melanosomes.

This suggests that, although Rab27b does not seem to be

expressed in melan-c cells, it contains targeting determi-

nants as present in Rab27a. However, further experi-

ments are required to test whether there is functional

redundancy between the two proteins.

Mutations in Rab27a in humans (Griscelli Disease) and

mice (ashen) result in melanosome transport and secre-
tion defects [10,13,16]. The lack of phenotype in the other

tissues where Rab27a is expressed could be due to func-

tional redundancy between the Rab27a and Rab27b pro-

teins such that there is enough Rab27b in most tissues to

complement the lack of Rab27a except in melanocytes
where Rab27b was not detectable by RT-PCR.

We had previously implicated Rab27a in the pathogene-

sis of Choroideremia (CHM), an X-linked slow-onset ret-

inal degenerative disease resulting from loss-of-function

mutations in Rab Escort Protein-1 [7]. As the CHM phe-

notype is very different from Griscelli Disease, it remains

unclear whether Rab27a has any role on eye disease. It is

unclear at present whether Griscelli patients develop ret-

inal disease as the disease has a poor prognosis and pa-

tients don't survive past childhood [12]. Also, the

equivalent mutation in mice, ash arose in the C3H strain

homozygous for the rd mutation and all C3H mice are

blind a few weeks after birth [23]. A likely possibility is

that both Rab27 isoforms are partially affected in CHM

and therefore contribute, possibly with other Rabs to the

initiation and propagation of the degenerative process in

CHM.

We show that the human RAB27B gene maps to chromo-

some 18q21.1 by radiation hybrid mapping and FISH.

This region of human 18q21.1 is syntenic with two mouse

chromosomal regions in chromosomes 1 and 18. As the

leaden (ln) mouse mutant locus maps to mouse chromo-

some 1 next to Bcl2 (which maps to 18q21.3 in humans),
we investigated whether Rab27b could be involved in ln.

The ln mutation attracted our attention because ln is

phenotypically very similar to ash, which is caused by

mutations in Rab27a and d, which is caused by MyoVa

mutations [13,14]. We therefore hypothesized that

Rab27b was a candidate gene for leaden. However, the

mapping of mouse Rab27b to chromosome 18 suggests

that Rab27b is not responsible for leaden as leaden maps

to chromosome 1. If Rab27a and Rab27b are indeed

functional homologues, we would expect Rab27b muta-

tions to cause deficiency in lysosomal transport in tis-

sue(s) other than melanocytes where Rab27b, but not

Rab27a, is expressed. The studies presented here will aid

the future analysis of a possible association of RAB27B

with human disease.

Materials and methods
Isolation of human RAB27B P1 clones
Two DNA oligonucleotides, 5'-TTCGAAGGCTGAC-

CGACCAAGACCATCACT (primer JA158, sense) and 5'-

TATAAACCACACGTTTTTCCCGAAAGTCTA (primer

JA169, antisense), both corresponding to the 5' end of

the gene, amplified a specific 190 bp fragment from hu-

man genomic DNA by PCR. The PCR product was veri-

fied to correspond to the RAB27B gene by DNA
sequencing. These oligonucleotides were used to isolate
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two P1 clones from a human genomic library through

PCR screening in a pyramidal fashion. Colonies contain-

ing PCR-positive P1 clones were isolated by filter hybrid-

isation and two P1 clones were obtained and designated
gs15454 and gs15455 (Genome Systems). Another set of

oligonucleotides, 5'-GTGCAGCAACTGGACAGAATGT-

GGAGAAAG (primer JA168, sense) and 5'-CTCTG-

TATATGTCTATATACTCATTTTCTC (primer JA180,

antisense) both corresponding to the 3' end of the gene,

amplified a specific 460 bp fragment from human ge-

nomic DNA by PCR. These oligonucleotides were used as

above to isolate one P1 clone designated gs15502.

PCR conditions
PCR amplifications were carried out in a Hybaid-Touch

Down thermal cycler (Hybaid). To estimate the sizes of

the introns of the RAB27B gene, oligonucleotides were

designed and used in PCR reactions to amplify each in-

tron. PCR for introns up to 6 kb in size was carried out in

a final volume of 25 µl, containing 10 ng of P1 or 1-2 ng of
pBS-Rab27b cDNA clone (Genbank: U57093; a generous

gift from Dr. W. Gahl, NIH), 500 nM oligonucleotides

and 0.125 units of BioTaq DNA polymerase (Bioline) in a

buffer containing 16 mM (NH4)2SO4, 67 mM Tris-HCl

(pH 8.8), 0.1% Tween-20, 2.5 mM MgCl2 and each dNTP

at 250 µM. PCR reactions were run for 32 cycles of 94ºC

denaturing for 1 min, 58ºC annealing for 1 min and 72ºC

extension for 5 min, followed by a final elongation step of

72ºC for 10 min. PCR products were analysed on 1% aga-
rose gels after staining with ethidium bromide. Each in-

tron was amplified at least twice from different P1 clones.

Intron 1 could not be amplified using this protocol. Its

size was estimated by restriction digestion and hybridi-

sation with specific radiolabelled probes as described be-

low.

To generate DNA probes for each exon of RAB27B, oligo-

nucleotides were designed by comparison to RAB27A

gene structure and used in PCR reactions to amplify each

exon. PCR for exons was carried out in a final volume of

25 µl, containing 10 ng of RAB27B P1 or 1-2 ng pBS-
RAB27B clones or pBS-RAB27B cDNA. Exons were am-

plified in conditions as described above, with an exten-

sion time of 1 min. The PCR products were analysed on

2.5% agarose gels stained with ethidium bromide and gel

purified using Quick Extract (Qiagen) as described by the

manufacturer.

Determination of exon/intron junctions
P1 DNA was isolated using Large-Construct kit (Qiagen).

Forty µg of DNA was digested with EcoRI as recom-

mended by the manufacturer (Life Technologies). After

digestion, 10 µg of DNA was subjected to standard 0.8%

gel electrophoresis. The DNA was transferred onto Hy-
bond N+ nylon membrane (Amersham) by alkaline blot-

ting. Blots were prehybridised in 10 ml of 0.2% bovine

serum albumin, 7% SDS, 100 µg/ml sheared denatured

salmon sperm DNA, 1 mM EDTA, 0.3 M sodium phos-

phate buffer (pH 7.4) for 4 hours and then hybridised
with RAB27B probes specific for each exon. Hybridisa-

tion was carried out at 65ºC overnight in the same buffer.

Membranes were washed at 65ºC in 0.25 % SDS and 1 ×
SSC for 20 min, repeated 4 times and then exposed to

Hyperfilm MP (Amersham) in the presence of an inten-

sifying screen. Membranes were stripped at 45ºC twice

for 30 min in 0.4 M NaOH, and then incubated for 15

min in 0.1 × SSC, 0.1% SDS, 0.2 M Tris-HCl (pH 7.5). Af-

ter identification of the bands correspondent to the ex-

ons, 30 µg of digested DNA were subjected to standard

0.8% gel electrophoresis. The fragments containing

RAB27B exons were isolated, subcloned into pBS (Strat-

agene) and used to determined the exon/intron junc-

tions by sequencing. Sequencing was performed with an

automated ABI 377 DNA sequencer using 1 µg of pBS
DNA for each reaction.

Restriction mapping of RAB27B
One microgram of DNA from all P1 clones was singly or

doubly digested under conditions recommended by the

manufacturer (Life Technologies or New England Bi-

olabs). After digestion, DNA was subjected to standard

gel electrophoresis or to PFGE in 0.5x TBE with 5-10 s

switching for 16 h. The DNA was transferred onto Hy-

bond N+ nylon membrane (Amersham Pharmacia) by al-
kaline blotting. Blots were prehybridised and hybridised

as described above with theRAB27B cDNA or individual

exon probes. After hybridisation to each exon, mem-

branes were stripped and neutralised as described above.

RT-PCR analysis
Total RNA was isolated from eyes using TRIzol® Rea-

gent (Life Technologies). RT-PCR was carried out using

5 µg of total RNA in a reaction volume of 20 µl mixed

with 500 ng of oligo(dT)12-18, denatured at 70ºC for 10

min and chilled on ice. The annealed samples were then

incubated with 0.5 mM dNTPs, 20 mM Tris-HCl (pH

8.4), 50 mM KCl, 2.5 mM MgCl2, 10 mM DTT and 200 U

of SuperScript II reverse transcriptase (Life Technolo-

gies) for 1 h at 42ºC, stopped by heating for 15 min at

70ºC and chilling on ice. In order to get a better PCR am-

plification, the samples were treated with 0.5 U of RNase

H for 45 min at 37ºC after reverse transcriptase inactiva-

tion. Hprt gene expression was used as an internal con-

trol. The specific oligonucleotides for Hprt were 5'-

CCTGCTGGATTACATTAAAGCACTG (sense) and 5'-GT-

CAAGGGCATATCCAACAACAAAC (antisense) [24].

Rab27b expression was detected using the oligonucle-

otides: 5'-GATGGAGACGATTATCTG (primer JR92,

sense) and 5'-TCCATCGACAGTGTCCGGAACC (primer
JR94, antisense). Rab27a expression was detected using
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the oligonucleotides: 5'-GCATTGATTTCAGGGAAAA-

GAGAG (primer JR62, sense) and 5'-TTCTCCACACAC-

CGCTCCATCCGC (primer JR63, antisense).

Amplification products using these oligonucleotides
were 350 bp, 445 bp and 550 bp for Hprt, Rab27a and

Rab27b, respectively. DNA from two microliters of RT-

PCR reaction were amplified using 500 nM oligonucle-

otides and 0.125 units of BioTaq DNA polymerase (Bio-

line) in a buffer containing 16 mM (NH4)2SO4, 67 mM

Tris-HCl (pH 8.8), 0.1% Tween-20, 2.5 mM MgCl2 and

each dNTP at 200 µM. PCR reactions were run for 32 cy-

cles of 94ºC denaturing for 1 min, 58ºC annealing for 1

min and 72ºC extension for 1 min, followed by final incu-

bations at 72ºC for 10 min. PCR products were analysed

on 2.5% agarose gels stained with ethidium bromide.

Radiation hybrid mapping
Oligonucleotide primers were designed to the 3' end of

the RAB27B cDNA (Genbank: U57093) [8] to amplify a

249 bp product (primer JR135, 5'-GACAGAATGTGGA-

GAAAGCTGTAGAAACCC corresponding to nucleotide

positions 592-621 of the cDNA, and primer JR136, 5'-

TGCGTGGTTTACTCAACAACAATTGTGTGG comple-

mentary to nucleotide positions 813-842 of the cDNA).

PCR was performed as above using DNA from the UK-

HGMP subset of the Genebridge 4 Radiation Hybrid

DNA Panel [25]. The result (021120210022000001000

100100011000101011010021000011000110200110000

100201101001020001011001000) was submitted to the
online radiation hybrid server at The Whitehead Insti-

tute for Biomedical Research/MIT Center for Genome

Research (http://genome.wi.mit.edu).

In order to map murine Rab27b, oligonucleotide primers

were designed to the 3' end of the mouse Rab27b cDNA

to amplify a 235 bp product (primer JR100, 5'-CATAC-

CATACTTCGAAACAAGCGCAGC corresponding to nu-

cleotide positions 737-763 of the cDNA; primer JR112,

5'-TCATGGTTTGACATTGTCTCAGGACGTCGG corre-

sponding to nucleotide positions 965-994 of the cDNA).

PCR was performed as above using DNA from the

Mouse/Hamster Radiation Hybrid Panel (Research Ge-

netics) [26]. The result (00001110000000100010000

01001100101002200000100101100000000011000001

000110010101001000110100) was submitted to the on-

line radiation hybrid server at The Whitehead Institute

for Biomedical Research/MIT Center for Genome Re-

search (http://genome.wi.mit.edu)

Northern blot analysis
Mouse Multiple Tissue Northern (MTN) Blot containing

2 µg of poly(A)+ RNA per lane was purchased from

Clonetech. The blot was hybridized to DNA radiolabelled

probes in ExpressHyb buffer (Clonetech) and washed
under high stringency conditions (0.2X SSC/0.1% SDS,

50°C). To generate radiolabelled probes for Rab27a and
Rab27b transcripts, oligonucleotides were designed and

used in PCR reactions to amplify Rab27a and Rab27b

fragments using cDNAs as templates. The oligonucle-
otides used for Rab27a were 5'-ATGTCGGATGGAGAT-

TACGATTACGATTAC (primer JR95, sense) and 5'-

TCACTTAGCTGATCCGCAGAGGTA (primer JR96, anti-

sense) and for Rab27b were 5'-GATGGAGACTATGAT-

TATCTG (primer JR92, sense) and 5'-

TCCATCGACAGTGTCCGGAACC (primer JR94, anti-

sense). The PCR fragments were gel purified and radiola-

belled with [α-32P]dCTP by random oligopriming

(Amersham) and used as probes.

Fluorescence in situ hybridization
Cells from a patient with a chromosome 18q deletion

[Patient 1 case no. 180569, [46,XY,del(18)(q211-qter)] in

[19] were analysed by FISH using a centromere probe for

chromosome 18 (Oncor), detected with rhodamine, and

P1 clone gs15454 containing the RAB27B gene detected

with FITC. Preparation of metaphase spreads, labelling

and detection of probes were carried out using standard

techniques described previously [27].

Melanocyte culture, transfection and immunofluorescence
The melanocyte cell line melan-c from an albino mouse

was kindly provided by Prof. Dorothy Bennett, St

George's Hospital Medical School, London, UK. Melan-c

cells were cultured in RPMI 1640 supplemented with
10% fetal calf serum, 2 mM glutamine, 0.1 mM 2-mer-

captoethanol, 200 nM phorbol 12-myristate 13-acetate

(Calbiochem), 100 U/ml penicillin G and 100 U/ml

streptomycin at 37°C with 10% CO2. Cells for immun-

ofluorescence were grown on coverslips for 24 h, trans-

fected using the liposomal transfection reagent Fugene 6

(Roche) and then processed as follows. Transfected cells

were washed in PBS, permeabilized for 5 min in 80 mM

K PIPES, pH 6.8, 5 mM EGTA, 1 mM MgCl2, 0.05% sa-

ponin (in order to remove non-membrane associated fu-

sion protein) and then fixed in 3% paraformaldehyde in

PBS for 15 min. Excess fixative was removed by extensive

washing in PBS and quenched by incubation in 50 mM

NH4Cl for 10 min. Fixed cells were then incubated with

anti-tyrosinase related protein-1 (TRP-1) monoclonal

antibody (ID Labs) diluted 1:50 in buffer (PBS, 0.5%

BSA, 0.05% saponin) for 30 min, washed extensively in

buffer and incubated for 30 min with Alexa568 conjugat-

ed goat anti-mouse secondary antibodies (Molecular

Probes) diluted 1:200 in buffer. Coverslips containing

fixed cells were washed as before in buffer, mounted in

Immuno Fluor medium (ICN) and observed using a Lei-

ca DM-IRBE confocal microscope. The plasmid pEGFP-

Rab27b was produced by subcloning of the Rab27b

cDNA into the pEGFP-C3 vector (Clontech) downstream
of the EGFP ORF. The resulting plasmid encodes a fu-
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sion protein containing the Rab27b protein, attached to

the carboxyl-terminus of EGFP. The production of other

plasmids transfected in this study have been described

elsewhere [16].

Sequences
We have deposited the following sequences in Genbank;

human RAB27B cDNA (accession number AF329499)

and mouse Rab27b cDNA (accession number

AF328893). All searches described in this work were

current as of 10 December 2000.
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