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Abstract 

Bacillus subtilis is a well-studied microbial host that has been used for production of 

industrially important enzymes and chemicals. B. subtilis utilizes glucose efficiently and 

produces 2,3-butanediol (2,3-BDO) under oxygen-limited conditions and L-lactic acid (L-

LA) under severely oxygen-limited conditions; however, it lacks the ability to utilise xylose 

natively. B. subtilis was engineered for efficient utilization of xylose at high concentrations 

and xylose co-utilisation in the presence of glucose.  Additionally, B. subtilis was engineered 

for 2,3-butanediol production under oxygen-limited conditions from glucose-xylose mixtures 

and food waste; and production of a non-native product, D-lactic acid. 

For xylose utilization, highly active xylose isomerase (xylA) and xylulokinase (xylB) 

from Bacillus coagulans were expressed, along with overexpression of the native B.  subtilis 

(araE) transporter. The 3 genes (araE, xylA and xylB) were genomically integrated 

downstream of a strong constitutive promoter P43, and their expression was optimised by 

using different promoter-gene combinations. An engineered strain (Bs-BcABAr) with 

expression of all 3 genes in an operon format under the P43 promoter exhibited growth on 

xylose which was comparable to its growth on glucose. The Bs-BcABAr strain was able to 

consume xylose at high concentrations of up to ~80 g/l. Further, this engineered strain 

simultaneously utilised both glucose and xylose without exhibiting any diauxic growth. The 

Bs-BcABAr strain exhibited robust performance in bioreactor studies and co-utilised ~20 g/l 

glucose and ~20 g/l xylose to produce ~13 g/l 2,3-BDO (yield of 0.33 g/g sugar) under 

oxygen-limited conditions. 

B. subtilis was engineered to improve the yields of 2,3-BDO production from 

glucose-xylose mixtures under oxygen-limited conditions. The Bs-BcABAr strain 

(engineered for robust xylose utilisation) produced 2,3-BDO as the sole product only oxygen-

limited conditions but produced L-LA as a major co-product under severely oxygen-limited 
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conditions. To enhance 2,3-BDO production, the L-ldh gene was deleted and the native B. 

subtilis 2,3-BDO genes were simultaneously overexpressed under the robust constitutive P43 

promoter in the Bs-BcABAr strain. The resulting Bs-BcABAr+BsBΔL strain produced 2,3-

BDO as main product with no L-LA formation on glucose-xylose mixtures under oxygen-

limited conditions. For growth in a bioreactor under controlled oxygen-limited conditions, the 

Bs-BcABAr+BsBΔL strain showed good growth, and co-utilised ~54 g/l of glucose and ~57 

g/l of xylose to produce ~40 g/l of 2,3-BDO (yield of 0.36 g/g total sugars) with no L-LA 

production. 

 The wild-type B. subtilis was engineered for better conversion of organic food 

wastes to 2,3-BDO while eliminating L-LA formation. The native amyE gene (coding for α-

(1-4)-amylase) was overexpressed under the P43 promoter in the wild-type strain to improve 

its starch-degrading capability while simultaneously deleting the L-ldh gene. The 

recombinant Bs∆L-LE strain showed faster utilisation of starch and food waste compared to 

the wild-type; and produced up to ~10 g/l of 2,3-BDO from rice waste and about ~14 g/l of 

2,3-BDO from fruit waste. 

Non-native D-LA was produced at high titres in B. subtilis by redirecting carbon 

flux away from L-LA and 2,3-BDO. First, the native L-ldh gene was deleted to eliminate L-

LA production. Heterologous D-ldh genes from native D-LA producers (Lactobacillus 

delbruckeii and Pediococcus acidilactici) were expressed; and the acetolactate synthase gene 

was concurrently deleted to stop 2,3-BDO production. The Bs-PaLΔLΔB strain (expressing 

P. acidilactici D-ldh) exhibited ~2.5 times higher D-LA production compared to the Bs-

LdLΔLΔB strain (expressing L. delbruckeii D-ldh). When cultured in a bioreactor under pH-

controlled and oxygen-limited conditions, the Bs-PaLΔLΔB strain consumed ~60 g/l of 

glucose and produced ~35 g/l of D-LA (yield of 0.58 g/g of glucose). 
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In summary, this work demonstrated metabolic engineering of B. subtilis for 

effective co-utilisation xylose in the presence of glucose; 2,3-BDO production from glucose-

xylose mixtures under oxygen-limited conditions; utilisation of food waste for 2,3-BDO 

production and production of non-native D-LA. All engineered strains showed robust 

performance in shake flasks and bioreactors without the requirement for antibiotics or 

inducers because of the use of genomically integrated constitutive expression cassettes. These 

findings underscore the successful application of metabolic engineering techniques to 

improve substrate utilisation and product formation in B. subtilis, and furthers its use as an 

industrially important host organism.  
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सार 

बैिसलस सबिटिलस एक अǅी तरह से अȯयन िकया गया माइŢोिबयल होː है िजसका उपयोग 

औȨोिगक ŝप से महȕपूणŊ एंजाइमो ंऔर रसायनो ंके उȋादन के िलए िकया गया है। बी. सबिटिलस 

Ƹूकोज का कुशलतापूवŊक उपयोग करता है और ऑƛीजन-सीिमत पįरİ̾थितयो ं मŐ 2,3-

ɯूटेनिडयोल (2,3-बीडीओ) और गंभीर ऑƛीजन-सीिमत पįरİ̾थितयो ंमŐ एल-लैİƃक एिसड (एल-

एलए) का उȋादन करता है; हालाँिक, इसमŐ ज़ाइलोज़ का मूल ŝप से उपयोग करने की Ɨमता का 

अभाव है। बी. सबिटिलस को उǄ सांūता मŐ ज़ाइलोज़ के कुशल उपयोग और Ƹूकोज की उपİ̾थित 

मŐ ज़ाइलोज़ सह-उपयोग के िलए इंजीिनयर िकया गया था। इसके अितįरƅ, बी. सबिटिलस को 

Ƹूकोज-ज़ाइलोज़ िमŵण और खाȨ अपिशʼ से ऑƛीजन-सीिमत पįरİ̾थितयो ंमŐ 2,3-ɯूटेनिडयोल 

उȋादन के िलए इंजीिनयर िकया गया था; और एक गैर-देशी उȋाद, डी-लैİƃक एिसड का उȋादन। 

ज़ाइलोज़ उपयोग के िलए, बेिसलस कोगुलांस से अȑिधक सिŢय ज़ाइलोज़ आइसोमेरेज़ (xylA) और 

ज़ाइलुलोिकनेज़ (xylB) को देशी बी सबिटिलस (araE) टŌ ांसपोटŊर की ओवरएƍेशन के साथ ʩƅ 

िकया गया था। 3 जीन (araE, xylA और xylB) को एक मजबूत संवैधािनक Ůमोटर पी43 के 

डाउन Ōː ीम मŐ जीनोिमक ŝप से एकीकृत िकया गया था, और िविभɄ Ůमोटर-जीन संयोजनो ं का 

उपयोग करके उनकी अिभʩİƅ को अनुकूिलत िकया गया था। पी43 Ůमोटर के तहत एक ऑपेरॉन 

Ůाŝप मŐ सभी 3 जीनो ंकी अिभʩİƅ के साथ एक इंजीिनयडŊ Ōː ेन (Bs-BcABAr) ने ज़ाइलोज़ पर 

वृİȠ ŮदिशŊत की जो Ƹूकोज पर इसकी वृİȠ के बराबर थी। Bs-BcABAr Ōː ेन ~80 Ťाम/लीटर तक 

की उǄ सांūता पर ज़ाइलोज़ का उपभोग करने मŐ सƗम था। इसके अलावा, इस इंजीिनयडŊ Ōː ेन ने 

िकसी भी डायऑİƛक वृİȠ को ŮदिशŊत िकए िबना Ƹूकोज और जाइलोज़ दोनो ं का एक साथ 

उपयोग िकया। Bs-BcABAr Ōː ेन ने बायोįरएƃर अȯयनो ं मŐ मजबूत ŮदशŊन ŮदिशŊत िकया और 
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~20 Ťाम/लीटर Ƹूकोज और ~20 Ťाम/लीटर ज़ाइलोज़ का सह-उपयोग करके ~13 Ťाम/लीटर 

2,3-बीडीओ (0.33 Ťाम/Ťाम चीनी की उपज) का उȋादन िकया। ऑƛीजन-सीिमत İ̾थितयाँ। 

बी. सबिटिलस को ऑƛीजन-सीिमत पįरİ̾थितयो ं मŐ Ƹूकोज-ज़ाइलोज़ िमŵण से 2,3-बीडीओ 

उȋादन की पैदावार मŐ सुधार करने के िलए इंजीिनयर िकया गया था। Bs-BcABAr Ōː ेन (मजबूत 

ज़ाइलोज़ उपयोग के िलए इंजीिनयर) ने केवल ऑƛीजन-सीिमत İ̾थितयो ंमŐ एकमाũ उȋाद के ŝप 

मŐ 2,3-बीडीओ का उȋादन िकया, लेिकन गंभीर ŝप से ऑƛीजन-सीिमत İ̾थितयो ं के तहत एक 

Ůमुख सह-उȋाद के ŝप मŐ L-LA का उȋादन िकया। 2,3-बीडीओ उȋादन को बढ़ाने के िलए, एल-

एलडीएच जीन को हटा िदया गया था और मूल बी सबिटिलस 2,3-बीडीओ जीन को एक साथ बीएस-

बीसीएबीएआर Ōː ेन मŐ मजबूत संवैधािनक पी43 Ůमोटर के तहत अितरंिजत िकया गया था। पįरणामी 

Bs-BcABAr+BsBΔL Ōː ेन ने ऑƛीजन-सीिमत पįरİ̾थितयो ंमŐ Ƹूकोज-ज़ाइलोज़ िमŵण पर कोई L-

LA गठन के साथ मुƥ उȋाद के ŝप मŐ 2,3-बीडीओ का उȋादन िकया। िनयंिũत ऑƛीजन-

सीिमत पįरİ̾थितयो ं मŐ बायोįरएƃर मŐ वृİȠ के िलए, Bs-BcABAr+BsBΔL Ōː ेन ने अǅी वृİȠ 

िदखाई, और ~54 Ťाम/लीटर Ƹूकोज और ~57 Ťाम/लीटर ज़ाइलोज़ का सह-उपयोग करके ~40 

Ťाम/लीटर का उȋादन िकया। 2,3-बीडीओ (0.36 Ťाम/Ťाम कुल शकŊ रा की उपज) िबना एल-एलए 

उȋादन के। 

 जंगली Ůकार के बी. सबिटिलस को एल-एलए गठन को समाɑ करते Šए जैिवक खाȨ अपिशʼो ंको 

2,3-बीडीओ मŐ बेहतर ŝपांतरण के िलए इंजीिनयर िकया गया था। देशी एमीई जीन (α-(1-4)-

एमाइलेज़ के िलए कोिडंग) को एल-एलडीएच जीन को हटाने के साथ-साथ इसकी ːाचŊ-िडŤेिडंग 

Ɨमता मŐ सुधार करने के िलए जंगली-Ůकार के तनाव मŐ पी43 Ůमोटर के तहत अितरंिजत िकया गया 

था। पुनः  संयोजक Bs∆L-LE Ōː ेन ने जंगली Ůकार की तुलना मŐ ːाचŊ और खाȨ अपिशʼ का तेजी से 
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उपयोग िदखाया; और चावल के कचरे से ~10 Ťाम/लीटर 2,3-बीडीओ और फलो ंके कचरे से लगभग 

~14 Ťाम/लीटर 2,3-बीडीओ का उȋादन होता है। 

गैर-देशी डी-एलए का उȋादन एल-एलए और 2,3-बीडीओ से दूर काबŊन Ůवाह को पुनिनŊदő िशत 

करके बी सबिटिलस मŐ उǄ टाइटŌ ेस पर िकया गया था। सबसे पहले, एल-एलए उȋादन को खȏ 

करने के िलए मूल एल-एलडीएच जीन को हटा िदया गया था। देशी डी-एलए उȋादको ं(लैƃोबैिसलस 

डेलŰुकेई और पेिडयोकोकस एिसिडलैİƃसी) से िवषम डी-एलडीएच जीन ʩƅ िकए गए थे; और 

2,3-बीडीओ उȋादन को रोकने के िलए एिसटोलैƃेट िसंथेज़ जीन को समवतŎ ŝप से हटा िदया गया 

था। Bs-PaLΔLΔB Ōː ेन (P. एिसिडलैİƃसी D-ldh को ʩƅ करता है) ने Bs-LdLΔLΔB Ōː ेन (L. 

delbruckeii D-ldh को ʩƅ करता है) की तुलना मŐ ~2.5 गुना अिधक D-LA उȋादन ŮदिशŊत 

िकया। जब पीएच-िनयंिũत और ऑƛीजन-सीिमत पįरİ̾थितयो ं मŐ बायोįरएƃर मŐ संविधŊत िकया 

गया, तो Bs-PaLΔLΔB Ōː ेन ने ~60 Ťाम/लीटर Ƹूकोज की खपत की और ~35 Ťाम/लीटर डी-एलए 

(0.58 Ťाम/Ťाम Ƹूकोज की उपज) का उȋादन िकया। 

संƗेप मŐ, इस कायŊ ने Ƹूकोज की उपİ̾थित मŐ जाइलोज़ के Ůभावी सह-उपयोग के िलए बी. 

सबिटिलस की चयापचय इंजीिनयįरंग का ŮदशŊन िकया; ऑƛीजन-सीिमत पįरİ̾थितयो ंमŐ Ƹूकोज-

ज़ाइलोज़ िमŵण से 2,3-बीडीओ उȋादन; 2,3-बीडीओ उȋादन और गैर-देशी डी-एलए के उȋादन 

के िलए खाȨ अपिशʼ का उपयोग। जीनोिमक ŝप से एकीकृत संवैधािनक अिभʩİƅ कैसेट के 

उपयोग के कारण सभी इंजीिनयर उपभेदो ं ने एंटीबायोिटƛ या इंǰूसर की आवʴकता के िबना 

शेक ɢाˋ और बायोįरएƃर मŐ मजबूत ŮदशŊन िदखाया। ये िनʺषŊ बी. सबिटिलस मŐ सɵटŌ ेट 

उपयोग और उȋाद िनमाŊण मŐ सुधार के िलए चयापचय इंजीिनयįरंग तकनीको ंके सफल अनुŮयोग 

को रेखांिकत करते हœ, और औȨोिगक ŝप से महȕपूणŊ मेजबान जीव के ŝप मŐ इसके उपयोग को 

आगे बढ़ाते हœ।  



x 
 

Table of Contents 

Certificate .................................................................................................................................... i  

Acknowledgements .................................................................................................................... ii  

Abstract ..................................................................................................................................... iv  

सार ............................................................................................................................................ vii  

Table of Contents ....................................................................................................................... x  

List of figures .......................................................................................................................... xiv  

List of tables ............................................................................................................................ xvi  

Abbreviations ......................................................................................................................... xvii  

1 Introduction ........................................................................................................................... 1  

2 Review of literature ............................................................................................................... 4  

2.1 A brief overview of B. subtilis ......................................................................................... 4 

2.2 Metabolism of B. subtilis .................................................................................................. 5 

2.3 B. subtilis as a production host ......................................................................................... 7 

2.4 Lignocellulosic biomass and food wastes as feedstocks .................................................. 8 

2.5 Xylose utilisation .............................................................................................................. 9  

2.6 2,3-butanediol - Production and applications ................................................................. 10 

2.7 D-lactic acid - Production and applications.................................................................... 13 

3 Motivation and objectives ................................................................................................... 16 

4 Materials and methods ........................................................................................................ 18  

4.1 Strains and plasmids ....................................................................................................... 18 

4.2 Media and growth conditions ......................................................................................... 18 

4.3 Construction of an optimised B. subtilis expression cassette ......................................... 20 



xi 
 

4.4 Construction of integration cassettes to introduce xylose uptake pathway .................... 21 

4.5 Construction of integration cassettes for strains to delete L-ldh and overexpress 2,3-

BDO genes ............................................................................................................................... 24  

4.6 Construction of integration cassette for amylase overexpressing strain. ....................... 25 

4.7 Construction of integration cassettes for D-LA producing strains ................................. 25 

4.8 DNA transformation ....................................................................................................... 26 

4.9 Analytical methods ......................................................................................................... 28 

4.10 Bioreactor operation ....................................................................................................... 28  

5 Results ................................................................................................................................. 30  

Construction of an optimised B. subtilis expression cassette .................................................. 30 

5.1 Engineering of efficient xylose utilisation pathway in B. subtilis .................................. 32 

5.1.1 Overexpression of native B. subtilis AraE transporter ................................................... 32 

5.1.2 Heterologous expression of xylose utilising genes from E. coli and B. coagulans........ 34 

5.1.3 Combined effect of Bs.araE and B. coagulans xylose utilising genes expression on 

xylose consumption of B. subtilis ............................................................................................ 35 

5.1.4 Shake flask studies of fast xylose utilising Bs-BcABAr strain at high xylose 

concentrations .......................................................................................................................... 38  

5.1.5 Growth studies of Bs-BcABAr strain on xylose in presence of glucose. ....................... 39 

5.1.6 Growth studies of xylose utilising Bs-BcABAr strain on glucose-xylose mixtures under 

oxygen-limited condition in a bioreactor ................................................................................. 42 

5.2 Enhanced 2,3-butanediol production in B. subtilis ......................................................... 43 

5.2.1 Deletion of L-ldh with concurrent overexpression of native 2,3-BDO pathway genes in 

wild-type B. subtilis ................................................................................................................. 44 

5.2.2 Growth studies of BsΔL-Bs.B strain in minimal-glucose media under severe oxygen-

limited condition in a bioreactor .............................................................................................. 46 



xii 
 

5.2.3 Effect of oxygen-limited condition on growth of xylose utilising Bs-BcABAr strain... 47 

5.2.4 Growth of Bs-BcABAr strain on high glucose-xylose mixtures under severe oxygen-

limited condition in a bioreactor .............................................................................................. 48 

5.2.5 Deletion of L-ldh with concurrent overexpression of native 2,3-BDO pathway genes in 

xylose utilising Bs-BcABAr strain .......................................................................................... 49 

5.2.6 Growth of Bs-BcABAr+BsBΔL strain on glucose-xylose mixtures under severe 

oxygen-limited condition in a bioreactor ................................................................................. 50 

5.3 Consolidated bioprocessing of food wastes for 2,3-butanediol production ................... 52 

5.3.1 Overexpression of B. subtilis ɑ-amylase gene (amyE) in wild-type and growth on 

minimal-starch media............................................................................................................... 52  

5.3.2 2,3-BDO production from food wastes by recombinant B. subtilis strain. .................... 55 

5.4 D-lactic acid production in B. subtilis ............................................................................ 57 

5.4.1 Screening and heterologous expression of D-LDH with concurrent deletion of alsS and 

L-ldh in wild-type B. subtilis ................................................................................................... 58 

5.4.2 Shake flask studies of Bs-PaLΔLΔB strain and effect of pH control on D-LA 

production ................................................................................................................................ 60  

5.4.3 Growth studies of Bs-PaLΔLΔB strain expressing D-LDH from P. acidilactici in a 

bioreactor ................................................................................................................................. 62  

6 Discussion ........................................................................................................................... 64  

Construction of an optimised B. subtilis expression cassette .................................................. 64 

6.1 Engineering of efficient xylose utilisation pathway in B. subtilis .................................. 66 

6.2 Enhanced 2,3-butanediol production in B. subtilis ......................................................... 69 

6.3 Consolidated bioprocessing of food wastes for 2,3-butanediol production ................... 71 

6.4 D-lactic acid production in B. subtilis ............................................................................ 72 



xiii 
 

7 Research summary and future perspectives ........................................................................ 74 

8 References ........................................................................................................................... 77  

9 Appendix ............................................................................................................................. 88  

Biodata ..................................................................................................................................... 98  

  

  



xiv 
 

List of figures 

Figure 
No. 

Title 

2.1 Metabolic pathways map of Bacillus subtilis 
5.1 Schematic representation of an optimised B. subtilis expression cassette 
5.2  Schematic representation of metabolic engineering strategy for xylose 

utilisation in B. subtilis. 
5.3 Time-course profile of xylose utilising strain (BsAr) overexpressing native B. 

subtilis araE gene. 
5.4 Growth comparison of strains heterologously expressing xylose utilising genes 

of B. coagulans and E. coli under P43 promoter. 
5.5 Plasmid maps showing integration cassettes for the expression of B. coagulans 

xylAB and B. subtilis native araE genes under P43 promoter.   
5.6 Comparison of xylose consumption by different strains overexpressing B. 

coagulans xylAB and B. subtilis araE genes under different P43 – gene 
combinations. 

5.7 Time-course profile of Bs-BcABAr strain grown at high xylose concentrations. 
5.8 Time-course profile of Bs-BcABAr strain grown on glucose-xylose mixtures. 
5.9 Time-course profile of Bs-BcABAr strain grown at high glucose-xylose ratios. 

5.10 Time-course profile of Bs-BcABAr strain grown on glucose-xylose mixtures in 
a bioreactor under aerobic condition. 

5.11 Schematic representation of metabolic engineering strategy for enhanced 2,3-
BDO production in B. subtilis. 

5.12 Plasmid map showing integration cassette for the overexpression of 2,3-BDO 
genes with simultaneous L-ldh deletion. 

5.13 Screening of transformants overexpressing 2,3-BDO genes with simultaneous 
L-ldh deletion in B. subtilis. 

5.14 Growth profile of strain BsΔL-Bs.B on minimal-glucose media under oxygen-
limited condition in a bioreactor.   

5.15 Effect of oxygen-limited condition on product profile of Bs-BcABAr strain 
grown on glucose-xylose mixtures. 

5.16 Growth profile of Bs-BcABAr strain on glucose-xylose mixtures under 
oxygen-limited condition in a bioreactor. 

5.17 Effect of L-ldh deletion on product profile of Bs-BcABAr+BsBΔL strain 
grown on glucose-xylose mixtures under oxygen-limited condition.   

5.18 Growth profile of Bs-BcABAr+BsBΔL strain on glucose-xylose minimal 
medium under oxygen-limited condition in a bioreactor. 

5.19 Plasmid map showing integration cassette for the overexpression of B. subtilis 
amyE gene. 

5.20 Time-course profile of B. subtilis amyE gene overexpressing strains on 
minimal- starch media under aerobic condition. 

5.21 2,3-BDO production from food wastes by B. subtilis amyE overexpressing 



xv 
 

strains. 
5.22 Schematic representation of metabolic engineering strategy for D-LA 

production in B. subtilis. 
5.23 Plasmid maps showing B. subtilis alsS deletion cassettes expressing 

heterologous D-ldh genes in B. subtilis. 
5.24 Screening of strains expressing heterologous D-ldh genes at Bs.alsS locus of B. 

subtilis. 
5.25 Time-course profile of D-LA producing Bs-PaLΔLΔB strain. 
5.26 Time-course profile of D-LA producing Bs-PaLΔLΔB strain under pH 

controlled condition.  
5.27 Time-course profile of D-LA producing strain (Bs-PaLΔLΔB) grown under pH 

and oxygen-controlled conditions in a bioreactor. 

  



xvi 
 

List of tables 

Table 
No. 

Title 

1 Summary of xylose consumption by different strains. 

2 Comparison of growth profile of xylose utilising strains under oxygen-limited 
condition. 

3 Comparison of growth profile of amylase overexpressing strain with wild-type in 
minimal-starch medium. 

4 Screening of D-LA producing B. subtilis strains under oxygen-limited condition. 

S1 List of primers 

S2 List of plasmids 

S3 List of strains 

 

  



xvii 
 

Abbreviations 

% MTY 
Percentage of maximum theoretical yield 

AA Acetic acid 

ALDC Acetolactate decarboxylase 

ALS Acetolactate synthase 

ATP Adenosine triphosphate 

BDH Butanediol dehydrogenase 

BDO Butanediol 

BGSC Bacillus genetic stock centre 

CCR  Carbon catabolite repression 

DNA  Deoxyribonucleic acid 

DO Dissolved oxygen 

EGTA Ethylene glycol-bis(β-aminoethyl ether)-N,N,N′,N′-tetraacetic acid 

EMP Embden-Meyerhof-Parnas  

GRAS Generally Regarded As Safe 

HPLC High-performance liquid chromatography 

LA Lactic acid 

LB Luria Bertani 

LDH Lactate dehydrogenase 

NAD+ Nicotinamide adenine dinucleotide 



xviii 
 

NADP+ Nicotinamide adenine dinucleotide phosphate 

OD Optical density 

PP Pentose phosphate 

PCR Polymerase chain reaction 

RBS Ribosome binding site 

RI Refractive index 

TCA Tricarboxylic acid cycle 

YE Yeast extract 

*Gene names are written in lowercase and italicised. Protein names are written in uppercase.  

  




