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ABSTRACT  

Objective: Tuberculosis is the most infectious disease that appears to be dreadful even in the presence of anti tubercular drugs. The problem of 
MDR-TB is growing at an alarming rate and the prevalence of the disease cause devastation to the molecular level. We hereby carry out a review of 
shikimate pathway used for tuberculosis management. Based on the available evidence on its vital roles, we highlight ways in which their 
therapeutic potential can be properly harnessed for possible integration into the country's healthcare system. 

Methods: Information was obtained from a literature search of electronic databases such as Google Scholar, Pubmed and Scopus up to 20115 for 
publications on shikimate pathways and their therapeutic targets for Multi Drug Resistance Tuberculosis (MDR-TB). 

Results: Numerous factors have been reported to be the causative agent in the progression of the disease. Apart from this, a number of 
transcription factors is also been involved in the down regulation of the modulatory pathology. The emergence of MDR-TB washes out the treatment 
and control of Tuberculosis at an extremely difficult stage. Epidemilogical data revels that Tuberculosis kill approx. 3 million people in a year. 
Shikimate Kinase and other agents can be involved therapeutic target and evaluation of new pathways. Emphasis need to be urgently given for the 
diagnosis and treatment of the TB in the society effectively. 

Conclusion: This review, therefore, provides a useful resource to enable a thorough assessment of the profile of Shikimate Kinase Pathway used in 
MDR-TB management so as to ensure a more rational use. Shikimate Kinase is one of the main enzymes involved in Shikimate pathway that has 
emerged as a vital target in many of the morbidity. 

Keywords: Tuberculosis, MDR-TB, Shikimate Kinase, Shikimate pathway. 

 

INTRODUCTION 

Multidrug-resistant tuberculosis (MDR-TB) is an emerging problem 
in many parts of the world, and levels of MDR-TB among new TB 
patients are increasing in sub-Saharan Africa. HIV has not been 
reported as a risk factor and there are no reports of the statistical 
association between spoligo type and drug resistance pattern. 
Increased capacity for diagnosis and treatment of MDR-TB is 
needed, with an emphasis on recurrent TB cases and refugees [1]. 

Although second-line anti-tuberculosis (TB) injectable drugs have 
been widely used to improve treatment outcomes of multidrug-
resistant TB (MDR-TB), little is known about the prevalence and 
mechanism of second-line injectable drug resistance among MDR 
Mycobacterium tuberculosis isolates in China. Individualized drug-
susceptibility to three major second-line injectable drugs is essential in 
order to generate more effective treatment regimens for MDR patients 
[17]. The emergence of multidrug-resistant tuberculosis (MDR-TB) 
and extensively drug-resistant tuberculosis (XDR-TB) makes the 
treatment and control of tuberculosis difficult. Rapid detection of 
drug-resistant strains is important for the successful treatment of 
drug-resistant tuberculosis; however, not all resistance mechanisms to 
the injectable second-line drugs such as amikacin (AK), kanamycin 
(KM), and capreomycin (CAP) are well understood [15].  

The aromatic compounds such as aromatic amino acids, vitamin K 
and ubiquinone are important prerequisites for the metabolism of 
an organism. All organisms can synthesize these aromatic 
metabolites through shikimate pathway, except for mammals which 
are dependent on their diet for these compounds.  

Aromatic amino acids, vitamin K and ubi quionones serve as an 
intricate role in the metabolic pathways of organisms. The synthesis 
of the aromatic metabolites is largely dependent on shikimate 
pathways, thus this serve as a mandate part in the various metabolic 
functioning. 

The amino acid sequence and x ray crystallography study help the 
researchers to develop a wide variety of compounds that have 
shown protective role in combating against various pathogens [11]. 

The aromatic amino acids like tryptophan, phenylalanine and 
tyrosine apart from playing their intricate role in the synthesis of 
proteins, also play a dictating role in the synthesis of secondary 
metabolites that serve an indispensable role in human nutrition and 
health. Thus, the role of shikimate kinase pathway cannot be ignored 
as numerous therapeutic pathways have a modulatory part 
associated with this pathway [12]. 

Tuberculosis (TB) remains the leading cause of mortality due to a 
bacterial pathogen, Mycobacterium tuberculosis. However, no new 
classes of drugs for TB have been developed in the past 30 y. 
Therefore there is an urgent need to develop faster acting and 
effective new antitubercular agents, preferably belonging to new 
structural classes, to better combat TB, including MDR-TB, to 
shorten the duration of current treatment to improve patient 
compliance, and to provide effective treatment of latent tuberculosis 
infection. The enzymes in the shikimate pathway are potential 
targets for development of a new generation of antitubercular drugs. 
The shikimate pathway has been shown by disruption of aroK gene 
to be essential for the Mycobacterium tuberculosis. The shikimate 
kinase (SK) catalyses the phosphorylation of the 3-hydroxyl group of 
shikimic acid (shikimate) using ATP as a co-substrate. SK belongs to 
family of nucleoside monophosphate (NMP) kinases. The enzyme is 
an alpha/beta protein consisting of a central sheet of five parallel 
beta-strands flanked by alpha-helices [25].  

The metabolism of carbohydrates leading to production of aromatic 
compounds is linked by shikimate pathway. The intermediate 
produced by these pathways serve as important substrates and play 
a modulatory role on the other pathways also. The shikimate 
pathway is found only in microorganisms and plants, never in 
animals. All enzymes of this pathway have been obtained in pure 
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form from prokaryotic and eukaryotic sources and their respective 
DNAs have been characterized from several organisms [13]. Lignin 
is a major component of plant secondary cell walls.  

The enzymes of the shikimate pathway represent potential 
molecular targets for the development of non-toxic antimicrobial 
agents and anti-parasite drugs. One of the most promising of these 
enzymes is shikimate kinase (EC 2.7.1.71), which is responsible for 
the fifth step in the shikimate pathway [18]. 

Tuberculosis remains one of the most dreaded infectious diseases 
notwithstanding the availability of a number of anti-tuberculosis 
drugs. The recent rise of multidrug-resistant tuberculosis and its 
association with HIV infection poses a challenging health concern. 
Therefore, there exists a pressing requirement to identify novel drug 
targets and develop new anti-tuberculosis drugs that will be 
effective against multidrug-resistant-tuberculosis. Shikimate kinase 
is a novel and attractive drug target as it is vital for the survival of 
Mycobacterium tuberculosis but is absent in mammals. Hence, 
inhibitors designed against shikimate kinase will be specific to the 
pathogen and be least harmful to the host [20]. 

Worldwide, tuberculosis (TB) remains the most frequent and 
important infectious disease causing morbidity and death. One-third 
of the world's population is infected with Mycobacterium 
tuberculosis (MTB), the etiologic agent of TB. The World Health 
Organization (WHO) estimates that about eight to ten million new 
TB cases occur annually worldwide and the incidence of TB is 
currently increasing. In this context, TB is in the top three, with 
malaria and HIV being the leading causes of death from a single 
infectious agent, and approximately two million deaths are 
attributable to TB annually. In particular, pulmonary TB, the most 
common form of TB, is a highly contagious and life-threatening 
infection. Development of drugs which display lasting 
antimycobacterial activity in vivo is desirable, since they can be 
administered with long intervals and consequently facilitate directly 
observed therapy and enhance patient compliance. Development of 
novel antituberculosis compounds to combat MDR-TB is urgently 
needed. The eradication of slowly metabolizing and, if possible, 
dormant populations of MTB organisms that cause relapse, using 
new classes of anti-TB drugs is very promising for prevention of TB 
incidence, because it will markedly reduce the incidence of active TB 
from persons who are latently infected with MTB.  

Immuno adjunctive agents, especially ATP and its analogues, which 
potentiate macrophage antimycobacterial activity via purinergic P2 
receptors. The aim of this symposium is to address the future 
prospects of the development of new drugs and drug regimens for 
anti-TB chemotherapy. There are a number of difficulties in drug-
design for the development of new drug formulations with increased 
potential for antimycobacterial effects, excellent pharmacokinetics, 
and tolerability. It should be emphasized that the most urgent goal 
of chemotherapy of TB and MAC infections, especially which 
associated with HIV infection, is to develop highly active, low-cost 
drugs which can be used not only in industrialized countries but also 
in developing countries, since the incidences of AIDS-associated 
intractable TB and MAC infections are rapidly increasing in the latter. 
The development of new antitubercular drugs is crucial. Developing 
inhibitors of shikimate kinase (SK) in the shikimate pathway will 
provide a selective target for antitubercular agents [22].  

Modulators of shikimate kinase pathway 

Shikimic acid was first isolated from Illicium religiosum in 1885 in 
Japan and was named after plant, shikimi-no-ki. After the discovery, 
it has shown to play an important part in the synthesis of many 
important aromatic compounds. It helps in the synthesis of 
compounds like folic acid and other compounds exhibiting 
aromaticity. Thus it has emerged as an intricate plant in the various 
metabolic pathways. Only a limited number of plant phenols have 
aromatic rings that are synthesized through another mechanism, 
that is, the polyketide condensation of acetate units. 

Shikimic acid has been found to occur in many tissues of a variety of 
plants, with a sufficiently high percentage. The accumulation of 
shikimic acid depends on the rate of synthesis in plants. Thus it is 
highly variable and gives birth to the wide variety of compounds. In 

addition, shikimic acid is observed to accumulate in those tissues 
wherein the metabolic processes are stopped or slow, such as 
storage tissue of seeds and fruits [23]. 

Plants as a raw material for shikimate kinase 

The first experiments on isolation and recovery of high-purity 
shikimic acid were conducted in the 1960s, twentieth century. For 
example, Weinstein et al. have devised an effective technique for 
isolating C14-labelled shikimic acid from G. biloba L. for the purpose 
of studying the metabolism in plants, particularly for studying the 
shikimate pathway. The plant was kept for several days for 
metabolism in an atmosphere of radioactive carbon dioxide. The 
plant material was extracted with ethanol and water, and the extract 
was passed through a Dowex 50-X4 (H+form) column to remove 
main impurities. The eluate was then passed through a column of 
Dowex 1-X8 (acetate form). The gradual elution with an aqueous 
acetic acid provided an excellent separation of shikimic and quinic 
acids. The final passage through the Dowex 1-X8 column gave 
compounds sufficiently pure for direct usage. Two hundred eighty-
seven grams of fresh leaves gave 2.12 g of shikimic acid (0.74% on a 
wet basis) and 0.593 g of quinic acid. 

The shikimic acid content in G. biloba L. is known to be no less than 
4% based on wet leaves. Accordingly, the aforesaid technique gave 
an extremely low yield (below 20%), which is due to the high 
shikimic acid loss during chromatographic purification. 

Thus, there are four general approaches of producing shikimic acid: 
(1) synthetic approach oriented on the chemical synthesis of 
shikimic acid (omitted in the present review); (2) an approach 
where plants serve as shikimic acid sources; (3) an approach where 
microorganisms are shikimic acid sources; (4) enzymatic approach 
where shikimic acid synthesis involves enzymes. 

The enzymatic technique of producing shikimic acid from quinic acid 
can be attractive only as a laboratory-scale synthesis. This method 
requires a cheap source of quinic acid; it is multistage and needs the 
cultivation of microorganisms and isolation of enzymes there from. 
It is therefore very labor-intensive, which will cause a rise in price 
for the product when produced on a commercial scale. Hence, the 
enzymatic method cannot be applicable to the industrial production 
of shikimic acid at the present stage of development of 
biotechnology in the world [23]. 

All the techniques to produce shikimic acid by its isolation from 
plants have a number of limitations for use in industry. Their main 
drawback is that they are confined to the region where the plants 
grow. Moreover, the isolation of shikimic acid from plants is limited 
by a certain season of year when the shikimic acid level is sufficient 
for industrial process. In contrast to methods that utilize plant parts 
as raw materials, the culture broth-based techniques for isolating 
shikimic acid are free from such limitations. Disadvantages of the 
microbiological methods include high labor intensiveness bound up 
with cultivation of microorganisms and complexities in scaling up. 
Nevertheless, they have an undisputable advantage over the 
methods utilizing plants as raw materials, that is, high yields of 
shikimic acid and a relative purity and homogeneity of raw material. 
Microbes do not require huge areas for seeding, and their rates of 
growth and metabolism have no parallel in the vegetable world. The 
isolation of shikimic acid from culture broths is simple and requires 
no expensive reagents and sorbents [23]. 

CONCLUSION 

The above paper gives an insight of the various approaches in the 
context of shikimic acid. It can be produced from the variety of 
agents some of which are very costly and requires proper care. 
However, the presence of culture broths enables the formation of 
shikimic acid which is easy to preapere and relatively inexpensive. 
The shikimic acid has been used in variety of disorders and thus 
there is need of exploration of some vital therapeutic agents to cause 
a global change in the modern era. 

CONFLICT OF INTERESTS  

Declared None. 



Mehta et al. 
Int J Curr Pharm Res, Vol 7, Issue 4, 111-113 

113 

REFERENCES 
1. Kidenya BR, Lauren EW, Sehan B, Rodrick K, Robert NP, Stephen 

EM, et al. Epidemiology and genetic diversity of multidrug-
resistant tuberculosis in East Africa. Tuberculosis 2014;94:1-7. 

2. Diana M, Joao P, Jorge R, Isabel C, Isabel P, Claudia R, et al. High-
level resistance to isoniazid and ethionamide in multidrug-
resistant mycobacterium tuberculosis of the Lisboa family is 
associated with inhA double mutations. J Antimicrobial 
Chemother 2013;68:1728-32. 

3. Marais BJ, Mlambo CK, Nalin R, Thierry Z, Adriano GD, Thomas 
CV, et al. Epidemic spread of multidrug-resistant tuberculosis 
in Johannesburg, South Afr J Clin Microbiol 2013;51:1818-25. 

4. Lukas F, Matthias E, Thomas B, Ekkehardt A, Marcel Z, Katia 
J, et al. Effect of mutation and genetic background on drug 
resistance in Mycobacterium tuberculosis. Antimicrob Agents 
Chemother 2012;56:3047-53. 

5. Yu P, Yang Z, Bing Z, Guan L, Guanglu J, Hui X, et al. 
Spoligotyping and drug resistance analysis of Mycobacterium 
tuberculosis strains from national survey in China. Plos One 
2012;7:329-76. 

6. Juan W, Yan L, Chun-Lei Z, Bin-Ying J, Liu-Zhuo Z, Yong-Zhen S, 
et al. Genotypes and characteristics of clustering and drug-
susceptibility of Mycobacterium tuberculosisisolates in 
heilongjiang province, China. J Clin Microbiol 2011;10:2274-10. 

7. Halima MS, Marleen MK, Nazir AI, Matsie M, Kamaldeen 
B, Shaheed VO, et al. Molecular characterization and second-line 
antituberculosis drug resistance patterns of multidrug-
resistant Mycobacterium tuberculosis isolates from the northern 
region of South Africa. J Clin Microbiol 2012;50:2857-62. 

8. Weiwei J, Zhiguang L, Rui H, Xiuqin Z, Fang D, Haiyan D, et al. A 
country-wide study of spoligotype and drug resistance 
characteristics of Mycobacterium tuberculosis isolates from 
children in China. Plos One 2013;10:e84315. doi: 
10.1371/journal.pone.0084315. [Article in Press] 

9. Van SD, Kremer K. Findings and ongoing research in the 
molecular epidemiology of tuberculosis. Kekkaku 2009;84:83-9. 

10. Claudio UK, Silke F, David KS, John AC, Archer, Stefan N. 
Importance of the genetic diversity within the Mycobacterium 
tuberculosis complex for the development of novel antibiotics 
and diagnostic tests of drug resistance. Antimicrob Agents 
Chemother 2012;56:6080-7. 

11. Rafia M, Shais J, Singh TP. The shikimate pathway: review of 
amino acid sequence, function and three-dimensional 
structures of the enzymes. Crit Rev Microbiol 2013;41:172-89. 

12. Vered T, Gad G. New insights into the shikimate and aromatic 
amino acids biosynthesis pathways in plants. Molecular Plant 
2010;3:956-72. 

13. Hermann KM, Weaver LM. The shikimate pathway. Annu Rev 
Plant Physiol Plant Mol Biol 1999;50:473-503. 

14. Ruben V, Igor C, Katarzyna R, Yuguo X, Lisa S, Geert G, et al. 
Caffeoyl shikimate esterase (CSE) is an enzyme in the lignin 
biosynthetic pathway in arabidopsis. Science 2013;341:1103-6. 

15. Angkanang S, Therdsak P, Angkana C, Saranya P. Molecular 
characterization of amikacin, kanamycin and capreomycin 
resistance in M/XDR-TB strains isolated in Thailand. BMC 
Microbiol 2014;14:165. 

16. Mehri H, Davood DS, Abbas AIF, Sedigheh J, Abdorrazagh H, 
Farideh S, et al. Spoligotyping and drug resistance patterns 
of Mycobacterium tuberculosis isolates from five provinces of 
Iran. Microbiol Open 2013;2:988-96. 

17. Zhang Z, Liu M, Wang Y, Pang Y, Kam KM, Zhao Y. Molecular 
and phenotypic characterization of multidrug-resistant 
Mycobacterium tuberculosis isolates resistant to kanamycin, 
amikacin and capreomycin. Eur J Microbiol Infect Dis 
2014;33:1959-66. 

18. Saidemberg M, Passarelli AW, Rodrigues AV, Basso LA, Santos 
DS, Palma MS. Shikimate kinase (EC 2.7.1.71) from 
Mycobacterium tuberculosis: kinetics and structural dynamics 
of a potential molecular target for drug development. Curr Med 
Chem 2011;18:1299-310. 

19. Carolina PV, Walter FAJ. Identification of new potential 
Mycobacterium tuberculosis shikimate kinase inhibitors 
through molecular docking simulations. J Mol Model 
2012;18:755-64. 

20. Manoj K, Shikha V, Sujata S, Alagiri S, Tej PS, Punit K. Structure-
based in silico design of a high-affinity dipeptide inhibitor for 
novel protein drug target shikimate kinase of Mycobacterium 
tuberculosis. Chem Biol Drug Design 2010;76:277-84. 

21. Yijun G, Ludmila R, Yue L, Yan W, Honggao Y, Shivendra S, et al. 
Crystal structure of shikimate kinase from Mycobacterium 
tuberculosis reveals the dynamic role of the LID domain in 
catalysis. J Mol Biol 2002;319:779-89. 

22. Tomioka H, Namba K. Development of antituberculous drugs: 
current status and future prospects. Kekkaku Tuberculosis 
2006;81:753-74. 

23. Denis VB. Shikimic acid: review of its analytical, isolation, and 
purification techniques from plant and microbial sources. J 
Chem Biol 2012;5:5-17. 

24. Pereira JH, Oliveira JS, Canduri F, Dias MVB, Palma MS, Basso 
LA, et al. Structure of shikimate kinase from Mycobacterium 
tuberculosis reveals the binding of shikimic acid. Acta 
Crystallographica 2004;60:2310-9.  

25. Pereira JH, Jose H, Vasconcelos IB, Oliveira JS, Caceres RA, 
Azevedo WF, et al. Shikimate kinase: a potential target for 
development of novel antitubercular agents. Current Drug 
Targets 2007;8:459-68. 

26. Coracini JD, Azevedo WF. Shikimate kinase, a protein target for 
drug design. Curr Med Chem 2014;21:592-604. 

27. Jose HP, Jaim SO, Fernanda C, Marcio VBD, Mario SP, Luiz AB, et 
al. Iinteraction of shikimic acid with shikimate kinase. Biochem 
Biophys Res Commun 2004;325:10-7. 

28. Ducati RG, Basso LA, Santos DS. Mycobacterial shikimate 
pathway enzymes as targets for drug design. Curr Drug Targets 
2007;8:423-35.

 

http://www.sciencedirect.com/science/article/pii/S1472979213001583�
http://www.sciencedirect.com/science/journal/14729792�
http://jac.oxfordjournals.org/search?author1=Diana+Machado&sortspec=date&submit=Submit�
http://jac.oxfordjournals.org/search?author1=Jo%C3%A3o+Perdig%C3%A3o&sortspec=date&submit=Submit�
http://jac.oxfordjournals.org/search?author1=Jorge+Ramos&sortspec=date&submit=Submit�
http://jac.oxfordjournals.org/search?author1=Isabel+Couto&sortspec=date&submit=Submit�
http://jac.oxfordjournals.org/search?author1=Isabel+Portugal&sortspec=date&submit=Submit�
http://jac.oxfordjournals.org/search?author1=Claudia+Ritter&sortspec=date&submit=Submit�
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCcQFjABahUKEwi56KTk04fHAhXFGI4KHSDXDmU&url=http%3A%2F%2Fjac.oxfordjournals.org%2F&ei=mZy8Vfm3LsWxuASgrruoBg&usg=AFQjCNGIfrKAT0Hp-ZV4rgOAJhM10uy0Cw�
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCcQFjABahUKEwi56KTk04fHAhXFGI4KHSDXDmU&url=http%3A%2F%2Fjac.oxfordjournals.org%2F&ei=mZy8Vfm3LsWxuASgrruoBg&usg=AFQjCNGIfrKAT0Hp-ZV4rgOAJhM10uy0Cw�
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCcQFjABahUKEwi56KTk04fHAhXFGI4KHSDXDmU&url=http%3A%2F%2Fjac.oxfordjournals.org%2F&ei=mZy8Vfm3LsWxuASgrruoBg&usg=AFQjCNGIfrKAT0Hp-ZV4rgOAJhM10uy0Cw�
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAAahUKEwiigpaa1IfHAhWVB44KHZXpAzY&url=http%3A%2F%2Fjcm.asm.org%2F&ei=Cp28VaLVLpWPuASV04-wAw&usg=AFQjCNEyAaPiFSxpspLVUuY49nn8rxtAkw�
http://aac.asm.org/search?author1=Matthias+Egger&sortspec=date&submit=Submit�
http://aac.asm.org/search?author1=Thomas+Bodmer&sortspec=date&submit=Submit�
http://aac.asm.org/search?author1=Ekkehardt+Altpeter&sortspec=date&submit=Submit�
http://aac.asm.org/search?author1=Marcel+Zwahlen&sortspec=date&submit=Submit�
http://aac.asm.org/search?author1=Katia+Jaton&sortspec=date&submit=Submit�
http://aac.asm.org/search?author1=Katia+Jaton&sortspec=date&submit=Submit�
http://jcm.asm.org/search?author1=Yan+Liu&sortspec=date&submit=Submit�
http://jcm.asm.org/search?author1=Chun-Lei+Zhang&sortspec=date&submit=Submit�
http://jcm.asm.org/search?author1=Bin-Ying+Ji&sortspec=date&submit=Submit�
http://jcm.asm.org/search?author1=Liu-Zhuo+Zhang&sortspec=date&submit=Submit�
http://jcm.asm.org/search?author1=Yong-Zhen+Shao&sortspec=date&submit=Submit�
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAAahUKEwjW2b_21IfHAhWRCo4KHStJBPc&url=http%3A%2F%2Fjcm.asm.org%2F&ei=zJ28VdbDF5GVuASrkpG4Dw&usg=AFQjCNEyAaPiFSxpspLVUuY49nn8rxtAkw�
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0CCAQFjAAahUKEwil3_Sd1YfHAhURco4KHQIlDiM&url=http%3A%2F%2Fjcm.asm.org%2F&ei=H568VeXTApHkuQSCyriYAg&usg=AFQjCNEyAaPiFSxpspLVUuY49nn8rxtAkw�
http://informahealthcare.com/action/doSearch?Contrib=Mir%2C+R�
http://informahealthcare.com/action/doSearch?Contrib=Jallu%2C+S�
http://informahealthcare.com/action/doSearch?Contrib=Singh%2C+T+P�
http://www.sciencedirect.com/science/article/pii/S1674205214605475�
http://www.sciencedirect.com/science/article/pii/S1674205214605475�
http://www.sciencemag.org/search?author1=Igor+Cesarino&sortspec=date&submit=Submit�
http://www.sciencemag.org/search?author1=Katarzyna+Rataj&sortspec=date&submit=Submit�
http://www.sciencemag.org/search?author1=Yuguo+Xiao&sortspec=date&submit=Submit�
http://www.sciencemag.org/search?author1=Lisa+Sundin&sortspec=date&submit=Submit�
http://www.sciencemag.org/search?author1=Geert+Goeminne&sortspec=date&submit=Submit�
http://onlinelibrary.wiley.com/doi/10.1002/mbo3.2013.2.issue-6/issuetoc�
http://www.ingentaconnect.com/content/ben/cmc;jsessionid=1b1a4pyq6hs04.alexandra�
http://www.ingentaconnect.com/content/ben/cmc;jsessionid=1b1a4pyq6hs04.alexandra�
http://www.ingentaconnect.com/content/ben/cmc;jsessionid=1b1a4pyq6hs04.alexandra�
http://link.springer.com/search?facet-creator=%22Carolina+Pasa+Vianna%22�
http://link.springer.com/search?facet-creator=%22Walter+F.+de+Azevedo+Jr.%22�
http://onlinelibrary.wiley.com/doi/10.1111/jpp.2010.76.issue-3/issuetoc�
http://www.sciencedirect.com/science/article/pii/S002228360200339X�
http://www.sciencedirect.com/science/journal/00222836�
http://europepmc.org/search;jsessionid=YDhNLvlxij2F8069TIin.10?page=1&query=AUTH:%22Tomioka+H%22�
http://europepmc.org/search;jsessionid=YDhNLvlxij2F8069TIin.10?page=1&query=AUTH:%22Namba+K%22�
http://europepmc.org/search;jsessionid=YDhNLvlxij2F8069TIin.10?page=1&query=JOURNAL:%22Kekkaku%22�
http://link.springer.com/search?facet-creator=%22Denis+V.+Bochkov%22�
http://link.springer.com/journal/12154�
http://link.springer.com/journal/12154�
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Pereira,%20J.H.�
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=de%20Oliveira,%20J.S.�
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Canduri,%20F.�
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Dias,%20M.V.B.�
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Palma,%20M.S.�
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Basso,%20L.A.�
http://www.ingentaconnect.com/content/ben/cdt;jsessionid=238m8ggahq4ar.alice�
http://www.ingentaconnect.com/content/ben/cdt;jsessionid=238m8ggahq4ar.alice�
http://www.ingentaconnect.com/content/ben/cdt;jsessionid=238m8ggahq4ar.alice�
http://www.ingentaconnect.com/content/ben/cmc�
http://www.sciencedirect.com/science/article/pii/S0006291X04022508?np=y�
http://www.sciencedirect.com/science/article/pii/S0006291X04022508�
http://www.sciencedirect.com/science/journal/0006291X/325/1�
http://www.ingentaconnect.com/content/ben/cdt�

	Pereira JH, Oliveira JS, Canduri F, Dias MVB, Palma MS, Basso LA, et al. Structure of shikimate kinase from Mycobacterium tuberculosis reveals the binding of shikimic acid. Acta Crystallographica 2004;60:2310-9.

