
Vol. 182, No. 1, 1992 

Janua~ 15,1992 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Pages 355-360 

DROSOPHILA GLUTATHIONE S-TRANSFERASES HAVE SEQUENCE HOMOLOGY TO 
THE STRINGENT STARVATION PROTEIN OF ESCHERICHIA COLI 

Yann-Pyng S. Toung and Chen-Pei D. Tu§ 

Department of Molecular and Cell Biology 
The Pennsylvania State University, University Park, PA 16802 

Received November 30, 1991 

SUMMARY: The Drosophila glutathione S-transferase D genes encode a family of isozymes. 
We have determined the amino acid sequence of a new member of this family by nucleotide 
sequence analysis of a genomic DNA clone. The open reading frame of this intronless gene 
should encode an isozyme subunit of 211 amino acids. This sequence has significant 
homology to the E. coli stringent starvation protein, SSP, which is also a protein of two 
identical 211 amino acid subunits. The two proteins have very similar overall amino acid 
composition as well. It is possible that SSP may be a glutathione S-transferase(s) in E. coli 
or is evolutionarily related to glutathione S-transferases. Because SSP is known to be tightly 
associated with the RNA polymerase holoenzyme during purification, it is conceivable that 
Drosophila glutathione S-transferase(s) may potentially interact with the transcription 
machinery in a fashion similar to SSP's interaction with E. coli RNA polymerase 
holoenzyme. © 1992 Academic Press, I n c .  

The glutathione S-transferases (GSTs, EC 2.5.1.18) are dimefic proteins which are 

multifunctional in xenobiotic metabolism, drug biotransformation and protection against 

peroxidative damage (for recent reviews, see ref. 1,2). Drosophila melanogaster genome 

encodes at least two classes of GSTs which are immunologically unrelated to each other (3). 

We have previously isolated and characterized a Drosophila GST cDNA and its genomic 

DNA for isozyme DmGST 1-1 (4,5). The gene is intronless, and maps between the two 

hsp70 gene families at 87B on the fight arm of chromosome 3 (5). We have completed the 

nucleotide sequence of a genomic clone containing several GST genes and pseudogenes. In 

this communication, we report the sequence of a second Drosophila GST gene, DmGST27 

and its unusual homology to the E. coli stringent starvation protein, SSP. The implications of 

this sequence homology are discussed. 

§To whom correspondence should be addressed. 
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EXPERIMENTAL PROCEDURES 

The genomic clone ~,GTDml01 has been reported earlier (4,5). The complete analysis 
of this part of the GST D gene family will be reported elsewhere (manuscript in preparation). 
DmGST27 is located at the end of kGTDml01 opposite to that of the DmGST1 gene (5). 
The DNA sequence analysis was performed on plasmid subclones with the dideoxynucleotide 
chain termination method and [(x-35S]dATP (specific activity >600 Ci/mmole, Amersham 
Corp., Arlington Heights, ILl (6-8). Exonuclease deficient T7 DNA polymerase was kindly 
provided by Dr. Kenneth A. Johnson of this Department. Nucleotide sequence data analysis 
was carried out with the DNA Inspector IIe program (Textco, Inc., W. Lebanon, NH) and the 
InteUiGenetics suite program via the Biotechnology Institute at The Pennsylvania State 
University. 

RESULTS 

An open reading frame of 212 amino acids can be deduced from the DNA sequence of 

a plasmid subclone which has sequence homology to the cDNA probe pGTDml (4). 

Therefore, a dimeric GST of 211 amino acid per subunit should result from this GST gene, 

designated DmGST27. After extensive search of the GenBank, N-Geneseq., and EMBL data 

bank for homologous genes, we found that DmGST27 has significant homology to the E. coIi 

stringent starvation protein, SSP (9) as shown in Figure 1. Interestingly, E. coli SSP is also a 

dimeric protein of two identical 211 amino acid subunits (9,10). It is the major protein 

synthesized in E. coli under stringent starvation conditions (10,1 I). The amino acid 

compositions of DmGST27 and SSP are also very similar (Table 1). 

DISCUSSION 

The DmGST27 gene is a member of the GST D multigene family. The gene is 

functional as judged by RNA hybridization experiment using the unique 3' noncoding region 

of the gene as hybridization probe (manuscript in preparation). The amino acid sequence of 

DmGST27 subunit is 67% identical to that of DmGST1 as shown in Figure 1. Experiments 

for expression of this GST subunit in E. coli and characterization of its enzyme activities are 

currently underway. 

The sequence homology between DmGST27 and E. coli SSP is rather unexpected. 

This homology may be of biological significance, especially because both proteins are dimeric 

and identical in size, and have very similar overall amino acid compositions. The major 

difference is in the contents of charged and polar amino acids; the SSP has more arginines 

(16 vs 5) whereas the DmGST27 has more aspartic acids and asparagines (27 vs 17). The 

two proteins have 53 identical residues (25.1%) with 20 of them in a region of 44 amino 

acids which are homologous to the maize GST III (12). 

The identical subunit size, dimeric structure, and significant sequence homology 

between Drosophila GST27 and E. coli SSP provided a basis for functional speculations. 

First, the E. coli SSP may have GST activity or be evolutionarily related to GST(s). E. coli 

grown under normal conditions of nutrients has very low level of conjugation activity with 1- 

chloro-2,4-dinitrobenzene (CDNB), the "universal" substrate for GST activities (13). Shishido 

has reported the occurrence a GST activity in E. coli, but no structural information of E. coli 
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DmGSTI 

DmGST27 

EcoSSP 

DmGSTI 

DmGST27 

EcoSSP 

DmGSTI 

DmGST27 

EcoSSP 

DmGSTI 

DmGST27 

EcoSSP 

DmGSTI 

DmGST27 

EcoSSP 

DmGSTI 

DmGST27 

EcoSSP 

1 MVDFYYLPGSSPCR-SVIMTAKAVG-VE--LNKKLLNLQA 36 

i Ilil I I ill IIIIlill I i li Ill 
1 M-DFYYHPCSAPCR-SVIMTAKALG-VD--LNMKLLKVMD 35 

I i i I I I I I 
1 MAVAANKR-SVMTLFSGP-TDIYSHQVRIVLAEKG--VSF 36 

37 G-EHL-KPEFLKI .... NP-QHTIPTLVDNGFALWESRAI 69 
i i I fill I il II IllIIl II Iiilii 

36 G-EQL-KPEFVK .... LNP-QHCIPTLVDDGFSIWESRAI 68 

I I III I illIl lillll 
37 EIEHVEKDNPPQDLIDLNPNQSV-PTLVDRELTLWESRII 75 

70 QVYLVEKYGKTDSLYPKCPKKRAVINQRLYFDMGTLYQSF 109 
llllIii liill i I li IIIrlilIlil ill 

69 LIYLVEKYGADDSLYPSDPQKKAVVNQRLYFDMGTLFQSF 108 
lil I] I I Ill 

76 MEYLDERFPHPP-LMPVYPV--ARGESRLYMHRIEKDWYT 112 

ll0 ANY-YYPQVFAKAPADPEAFKKIEAAFEFLNTFLEG-QD- 146 

ill IIllll I li I IIii r 
109 VEA-IYPQIRNNHPADPEAMQKVDSAFGHLDTFLED-QE- 145 

I li I I i I 
113 LMNTIINGSASE--ADA-AR-KQLREEL-LAIAPVFGQKP 147 

147 YAAGD--SLTVADIALVATVSTFEVAKFEISKYANVNRWY 184 

I lii II lirfl i liiIII l I i II II 
146 YVAGDC--LTIADIALLASVSTFEVVDFDIAQYPNVASWY 183 

I i I i il i I 
148 YFLSDEFSLV--DCYL-APLLWRLPQLG-IEFSGPGAKEL 183 

* W * 

185 ENAKK-VTPGWEENWAGC-LEFKKYF-E 209 

llli IlilIllll I l II I 
184 ENAKE-VTPGWEENWDGVQLI-KKLVQE-RNE 212 

1 I il 
184 KGYMTRVFERDSFLAS---LTEAER--EMRLGRS 212 

Figure 1. Amino acid sequence comparison among DMGST1, DMGST27, and E. coli 
SSP. 

Vertical dashes between sequences indicate identical amino acids. Gaps to maximize 
homologies are represented by dashes. Conserved amino acids among all three sequences (a 
total of 48) are labeled by asterisk (*). Postitions of amino acids in three proteins are 
indicated on two sides. 

GST is available in the literature (14). During the last few years, GSTs have been purified 

from several bacterial species such as proteus mirabilis and Methylobacterium sp. strain DM4 

(15,16). The latter "GST" is a dichloromethane dehalogenase (16), which has sequence 

homology to Drosophila GST 1-1 but with a larger size (287 amino acids per subunit). It is 

likely that SSP is a GST, but one not very active against CDNB as substrate. 

Since SSP is expressed abundantly under conditions of  stringent starvation (11) it 

should be feasible to purify this protein to homogeneity and test it for GSH, or S-hexyl GSH 

binding and activities against a spectrum of GST substrates (13,17). It is interesting to note 

that SSP does not have near its N-terminal region (e.g. positions 4 and 5 of  DmGST 1-1) any 

tyrosine residue(s) which is highly conserved among members of  the GST gene superfamily 

(9,17). The tyrosine at position 7 in porcine GST rc has been shown to be interacting with 
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Table 1. Amino Acid Compositions 

Amino acid DmGST27 SSP 

Nonpolar 

Basic 

Polar 

Alanine 17 16 
Isoleucine 11 11 
Leucine 19 25 
Methionine 6 8 
Phenylalanine 10 9 
Proline 12 15 
Tryptophan 4 3 
Valine 18 13 

Total 97 100 

Arginine 5 16 
Histidine 4 4 
Lysine 12 8 

Total 21 28 

Cysteine 4 1 
Glycine 9 10 
Serine 11 15 
Threonine 7 8 
Tyrosine 10 8 

Total 41 42 

Acidic/polar 
Asparagine 9 6 
Aspartic acid 18 11 
Glutamine 11 6 
Glutamic acid 15 19 

Total 53 42 

Grand Total 212 212 

the competitive inhibitor glutathione sulfonate by x-ray crystallography (18). Therefore, it is 

possible that SSP is evolutionafily related to GST, but has diverged from it to assume other 

functions under stressful conditions such as stringent starvation. 

The second interesting speculation of  this observed sequence homology originates 

from the observation by Ishihama and Saitoh (10). They reported that SSP was tightly 

associated with E. coil RNA polymerase holoenzyme but not with the core enzyme. The SSP 

copurified with the polymerase holoenzyme but was dissociated from it by phosphocellulose 

chromatography. More importantly, SSP influenced RNA synthesis in vitro by holoenzyme in 

a template dependent manner (10). Under stoichiometric conditions, for example, RNA 

synthesis in vitro from T7 DNA was inhibited up to 20% in the presence of  SSP protein. 

However, SSP was not required for RNA synthesis in vitro. It is likely that such tight 
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interaction and its abundance under stringent starvation may influence the transcription 

specificity in vivo, conceivably by changing the selectivity of RNA transcription, among other 

possibilities. Using this tight association as the basis for further speculation, the homology 

between SSP and DmGST27 could suggest a possible interaction between GST27 (or other 

related isozymes) and Drosophila RNA polymerase(s) under stressful conditions. It is also 

interesting to note that the GST D genes are mapped at 87B on the polytene chromosome, a 

location between the two hsp70 gene clusters covered by a huge "puff' under heat shock 

conditions (19). This location is also in relative proximity to the gene encoding the second 

largest subunit of RNA polymerase II (88A/B), with which GST27 shares some nucleotide 

sequence homology near the 5' end (20). This possible interaction between GST and RNA 

polymerase(s) may have other interesting implications in several systems. For example, the 

biological significance of shistosomal GST(s) (21-23) has remained a mystery in parasitology. 

A report by Capron et al. (21) revealed that immunization of monkeys and several rodent 

species against shistosomal GST provided protection against shistosomiasis. It is possible that 

shistosomal GSTs may interfere with host functions by tight association with RNA 

polymerases and/or other important enzymes/proteins. Thus, prevention of shistosome GST 

interaction with host RNA polymerase(s) or other essential proteins by immunization may 

partially explain this protection. A second example involves an ethylene-responsive flower 

senescence-related gene from carnation reported by Meyer et al. (24). This gene encodes a 

protein of 220 amino acids which contain 44%, 53% and 52% homology with GSTs from 

maize, Drosophila, and man, respectively. It would be interesting to determine if this GST or 

GST-related protein is responsible for some aspects of the aging process or is synthesized as a 

stress response due to the major changes occurred in the aging process. 
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