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Abstract 

The biomes of low temperature areas specifica ll y northern areas of Pakistan have evo lved to 

be unfriendly for grow ing crops , because of their chemica l and physica l arch itectures . To 

make these areas cu lti vatab le many types of biofertilizers are in use now days, but the 

commercia l biofertilizers avai lab le are less effect ive in co ld climatic conditions . The 

psychrophili c microbial flora ava il ab le in the G lac iers of northern have s ignificant potential 

of producing co ld adapted metabolites. Indole acetic ac id produced by mi croorgani sms is a 

good example of biofertilizer produced by natural source, that belong to auxin famil y of plant 

hormone and play s ignificant ro le in growth of plants. T he current study aims to screen, 

optimize, produce, purify and characterize co ld adapted bacteria iso lated fro m the Ghulkin 

Glac ier, Hunza Valley, G ilg it Baltistan, Pakistan. A tota l of29 strai ns were screened fo r the 

production of Indole Acetic Acid on L-Tryptophan (0.2%) production media. Fermentation 

conditions for the max imum production of Indole Acetic acid of all se lected iso lates were 

optimized for which productions were carried out in L-Tryptophan containing broth media 

us ing the optim ized conditions. Purifications were done by so lvent-so lvent extraction method . 

Characterization of the se lected strains were carri ed out through T hin layer Chromatography 

(TLC) , Fo urier Transform Infrared Spectroscopy (FTIR) and Proton based Nuclear Magnetic 

Resonance (H-NMR) image was taken. Three stra ins GB29, GB3 and GA9 showed the 

production of indole acetic acid. Maximum Indo le Acetic Ac id production by GB29 were 

recorded at 5°C, pH 5, L Tryptophan (0.7%) and Maltose as carbon source after 48 hours of 

incubat ion. The optimum conditions for the maxi mum production of Indo le Acet ic Acid by 

GB3 were recorded at 35°C, pH 7, L Tryptophan (0.9%) and Maltose as carbon so urce after 

72 hours of incubat ion. GA9 carried out maxim um production at 5°C, pH 7, L Tryptophan 

(0.7%) and Maltose as carbon so urce after 72 hours of incubat ion. The retention factor (Rr) 

calculated for all the three stra ins were 0.27 which was equal to R rva lue of standard Indole 

Acetic Ac id loaded on TLC plate. The s imilarity of spectra l peaks between standard Indo le 

Acetic Ac id and extracted Indole Acet ic Acid fro m the selected isolates confirmed the 

production of hormone. Further confirmation was done by NMR by finding the functional 

groups present in the indole acet ic ac id . These co ld adapted strai ns isolated from the Ghulkin 
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Glac ier samples were good producers of Indo le Acetic Acid which would be used as 

biofertilizers for crop growth promotion in the co ld c limatic regions of Pakistan. 
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Chapter 1 Introduction 

1.1 Introduction 

Microorganisms that inhabi t phys ica lly or geochemi ca lly extreme conditi ons that are harmful 

to a large variety of lives on eal1h are known as extremophiles . Tn contrast those 

microorgani sms that inhibit much favorabl e conditi ons are classifi ed as neutrophil s or 

mesophiles. For the purpose sc ienti sts during the years from 1980s-90s have studied hard and 

have identified that mi croorgani sms have the ability to change according to the environments 

and can surv ive in very much hard cond it ion li ke inhabiting hot, ac idi c and much co lder 

conditi ons that can be into lerable for mesophili c mi croorganisms. M any sc ientists even 

beli eve that hydrotherm al vents were the primary habitats for the life under the surfaces of 

ocean 's (Gupta, Srivastava et al. 2014) . The studi es on the extremophiles have advanced so 

much in the decades of 1990s that a conference was for the first time held in Portugal in 1996 

on the topic of extremophile and after than in 1997 there a j ournal publi shed in the name of 

"extremophil e". International society of extremophile was also co ined in 2002 for the purpose 

to share the newly obta ined knowledge about this fas t-growing topic . They are hav ing 

importance in the industri es, and thi s is because of the unique propel1ies they are possess ing, 

one of which is they are attracting the soc ieties towards its appli cati on as they are economi ca l 

for the industry, and they can be less cost effective . Res istance to the hi ghly thermal habitats, 

chemi ca ll y denaturing detergents , hydrogen bonding di srupting agents (chaotropic), extreme 

pH and o rganic so lvents (Gaur, Grover et al. 2010). Tenned as the "extrem ozymes" they are 

holding prodi gious ability to work as cata lyst fo r industry working in extreme environments 

in whi ch the enzymes form the normal microorganisms lost the ir natural abili ty and structure 

(Hough and Danson 1999). Extremophiles are of many types on the bas is of extreme 

environments they are happy to inhabit o r to lerate, such as ac idophiles, alkaliphiles, 

halophil es, thermophiles, hyperthermophiles and psychrophiles with optimum temperature 

ranges below 15°e or even tolerate temperature 20oe. There are many more of them like 

barophili c, o li gotrophic, endo liths, xerophilic and many can even inhabit the ir life in more 

than one stress conditi on which can be term as the polyextremophiles . H ere fro m the above 

d iscuss ion, we are go ing progress w ith the study of psychrophiles. 
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Acco rding to (Schmidt-Nie lsen 1902) those microorgani sms that cann ot only li ve at a 

temperature of O°C but can also repli cate and increase their number are call ed psychrophilic 

mi croo rgan isms, while Horowitz- Wlassowa and Grinberg (Mo rita 1975) has change the 

concept and use a word psychrobe fo r actual psychrophilic m icroorgani sms and use the term 

psychrophile for those thriving at O°C and can also live at higher temperatures. In the year 

1957 a di cti onary in the name of "Dictionary fo r Microbiology" was fonned when they got 

suffi c ient amount of data about psychrophili c mi croorgani sms whi ch is defining them as the 

type of mi croorganisms who have their idea l growth temperature at 15°C are call 

psychrophiles (Lasztity 2009). M icroorgani sms that can grow optima lly at o r be low O°C, 15°C 

and 20°C respecti vely are called psychrophiles and those that can withstand a temperature of 

up to or above 25°C are called psychroto lerant (He lm ke and Wey land 2004). Study ing surface 

of the earth it is easy to revea l that 14% of the earth is the po lar region and the remaining 71 % 

is the oceani c reg ion on earth in whi ch the temperature of the 90% of the oceans is be low 5°C 

and the oceans have the ability to ma inta in its constant temperature i.e., 4-5°C despite of the 

latitude di ffe rences and thi s is the reason that almost a ll of the barophiles are either 

psychotropic or psychrophili c in nature (Yayanos 1986) . The microo rgani sms are reported to 

survive in situ at -3 0°C and in some predi ction the ir metaboli sm can also work in A Ooe (Price 

and Sowers 2004). Surv iva l of the mi croorgani sms in such type of environments is poss ible 

after adaptations to such environment and psychrophiles have made these adaptati ons in their 

cellul ar bodi es, some of whi ch are; Antifreeze prote ins production, Membrane fluidity, Stress 

related prote ins (B rown, Lauro et al. 201 2) . 

T ibetan plateau s ituated in the Hindukush-Karakoram-Himalayas mounta in ranges known as 

the third po le covers about 104,850km of the area compris ing of the 49,873km in China and 

about 40,000km both in Paki stan and India, and thi s is because of these have the highest 

number of g lac iers and the utmost concentration of the ice and snow on them (D'Amico, 

C laveri e et al. 2002). T hese ranges are scarcely scrutinized fo r the preva lence of communities 

of microorgani sms. T hough (Rafiq, Hayat et al. 2017) has iso lated may of the bacteria l strains 

sampled from the Siachen glac iers in Paki stan. After identi ficati on they were found as the 

genus of Pseudomonas, Alcaligenes, l onthenobacterium, Rhodococcus, Carnobacter;um, 
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Arthrobacter, Bacillus, Lysinibacillus, Staphylococcus and Planomicrobium (Rafi q, Hayat et 

af. 201 9) . 

Plant hormones or phytohormones are natural products of the plants that effect the 

phys io log ica l status of plants and influence the ir g rowth in very sma ll quantity or simply we 

can say that they are some s ignaling messengers that he lps in growth coordinati on of the plants 

(Fleet and Willi ams 2011 ). T he term phytohormone was used fo r th e fi rst time by Went and 

Thimann w hen they pu blished the ir book in 1937. Coordinati on of ce ll division, growth and 

di fferentiati on are so me of the maj or functions the plant hormone are responsible for (Hoo ley 

1994). Contro l of seed dormancy and germinati on of the seed are some othe r aspects that plant 

hormone are working in (Graeber, Nakabayashi et al. 2012). Abscisi c ac id , gibbere llins, 

ethylene, indo le acetic ac id, cytokinins and brass inosteroids are some of the dominant 

hormone that plants produces to contro l its phys io logica l and biochemical activit ies and the 

surpri sing fact is that these chemica ls are a lso produced by the microbes present in the so il 

(Santner, Ca lderon-V ill alobos et al. 2009, F inkelstein 2010) . Though in after whiles the li st 

of these hormones and many other identi fied hormones contains absc isic ac id , auxins, 

cytokinins , ethy lene, brass inostero ids, jasmonates, sa licyc li c ac id and stri go lacto nes (Fahad, 

Hussa in et al. 201 5). 

Indo le aceti c ac id the member of class auxin of plant growth promoting hormone that occures 

most commonly . It canbe refered as a signa lling mo lecule mi croorgani sm because of its 

effects on the gene express ion in microorgani sms (Yuan, Liu et al. 2008). They can be 

synthes is by tryptophan dependent or tryptophan independent pathways (Zhao 2010). The 

pathway that is adapted by the plants is tryptophan dependent through indole-3-pyrui c ac id 

(Mashi guchi , Tanaka et al. 2011 ). In plant Arabidopsis thaliana the producti on of indole 

acetic ac id is tryptophan dependent through indole-3-acetaldoxime (Sugawara, Hishiyama et 

al. 2009). Infecting rats w ith Trypanosoma bruce; gambiense it was reveal that the production 

of tryptophan is due the metabo li c action performed by both the endogeno us and the colonic 

mi crobes using the dietry tryptophan as the substrate accompany ing tryptophol (Stibbs and 

Seed 1975). 
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Graci/aria dura is a macroalgal rhodophyte and Prionitis lanceolata is a roseobacter 

macroalgae that belongs to the fam il y of algae and can produce the bacterially manipulated 

indole acetic acid in bud induction (Fahy, McGenity et al. 2006). Recently it is studi ed that 

one of the diatoms named Pseudo-nitzschia multiseries a lso play an important role in the 

production of the indole acet ic ac id (Am in , Hmelo et al. 20 15). Brown macroalgae named 

Fucus distichus and Ectocarpus siliculosus are also detected with the production of the indole 

acet ic ac id. In the family of the red algae Pyropia yezoesis and Bangia juscopurpurea are 

found to be responsible for the production of the indo le acetic acid (Mika mi , Mori et al. 20 16). 

Plant growth promoting Rhizobacteria were the first to be studi ed for the production of the 

IAA via direct method and indirect method (Sarwar, Arshad et al. 1992). Many of the non 

rhizospheric bacteria are stud ied to be producing fAA as their secondary metabolite (Sadaf, 

Nuzhat et al . 2009). 

Indole acetic acid produced by bacteria work as a signaling molecule respo nsible in changing 

the auxin pool in plant to either optimal or to super-optimal level and ultimately causi ng a 

rapid growth in plants (Iqba l, Wagi et al. 2018). IAA plays an extensive role in the growth of 

the roots and shoots of the plants during the development processes. And all this is because of 

the movement of the hormone in the plant body by the interference of specific importers some 

of whi ch are named as (AUXl) and effl ux pumps (PINl- 7) (Prusty, Grisafi et al. 2004). The 

IAA that is produced by bacteria by demanouvering the defense system of the plant making it 

friendly for bacteria to live in (Spaepen, Vanderleyden et al. 2007). Mechanism of action of 

fAA start with the De novo IAA biosynthesis, the characteristic feature of the homeostasis , 

followed by the degradation IAA and then heading to the conjugation/deconjugation oflAA 

with am ino acids invo lve in the activity (Cohen, Siovin et al. 2003) . Ubiquitination which is 

a three step post transcriptional modification proceeding with the attachment of the ubiquitin 

complex with the substrate proteins. Step one is the actio n of ubiquitin-activating enzymes, 

second step is the action of ubi quit in-conjugating enzymes and the third step is the recognition 

of protein by ubiquitin li gases (Tiwari , Hagen et al. 2004) . 

Screen ing methods used for the detection of IAA from stra ins of Rhizobium isolated form the 

root nodu les of Acacia cyanophylla is accord ing to the method mentioned by (Bric, Bostock 
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el al. 199 1) . According to this technique the Salkowski's reagent having a composition Iml 

of O.SM FeC!} and SOm l of 3S% HCI04 can be used fo r the qualitative ana lysis of the sample 

during the protein assays in the ratio of 1:2 w ith the supernatant taken for the production media 

hav ing L-tryptophan as the substrate for IAA made in the nutri ent broth or yeast mannitol 

broth. One of the methods that is used to determine the production ofIAA in the Pseudomonas 

putida where along w ith reagents used for the qualitative ana lys is of the fAA production by 

the bacteria are Salkowski' s reagent and orthophosphoric acid . In this technique 2ml of the 

supernatant form the L-tryptophan production medi a to be mi x the 4ml of the Salkowski's 

reagent and 2S fll of orthophosphoric ac id to be added to the mixture and to be incubated for 

1 hour in the dark and the absorbance to be measure S3Snm by using spectrophotometer 

(Glickmann and Dessaux 1995) .. Qualitative study shows that the co lor detected in the above 

assays was pinkish or red co lor confirming the v isual analys is and presence of the IAA. 

Indole-3-acetic ac id a plant growth promoting hormone that can be produce by the 

microorganisms inclusive of bacteria and fung i. It plays very important role in the interact ion 

between plants and mi crbes and hence indirectly effect the growth of the plants. T hi s hormone 

have a maj or imapct in the interaction of plants and mi crobes. T hey can a lso playa ro le as the 

effector molecule between the IAA producing bacte ria, plants and other bacteria (Spaepen and 

Vanderleyden 20 11 ). Study ing the growth of L.gibba it was noted to be increased in the range 

of temperture from SOC-30°C . While noting the growth rate it was detected that the growth 

was increase in fresh weight per day over 18days of culture at lSoC and at a temperature of 

SoC and lOoC it took 38days to showed an increase in its growth rate in its fresh culture. The 

small parts of the plants like shoots have a large amount of the resultant free IAA and th at 

leads to the decarboxylation in the seed endosperm . As the compariti ve rate of the destructive 

and formitive IAA become equal and rema ins in study state depending ne ither on the 

tyrptophan nor on the tryptamine as the source of the JAA as the substrate material. In other 

literature it is also showen that the turnover of IAA at 2SOC for tl /2 siganl s a much lower rate 

in comparison to a ll other plants at a ll other temperatures (Lj ung, Ostin et al. 2001 ). 

that IAA in large amount leads to the inhibition of seed germination and plant growth (S indhu , 

Khandelwal et al. 2018) . A longw ith these factors another most important factor is that hi gher 
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amountof the lAA show a phyto tox ic effect and hence leads to the de lu ge amount of the 

abscis ic ac id. T hi s is why IAA production in the industri a l sca le is not preferable and is limited 

to the lab sca le production by mi croorgani sms for plants (Grossmann 2010). 

Rhodosporidiobolus jluvialis is investigated as a potent ia l IAA prod uc ing yeast fro m class 

bas idiomycetous (Bunsangiam, Sakpuntoon et al. 201 9) . O ne of the reason behind not to 

produce 1AA at large is the impact of the rati o of product concentrati on to the cost effect on 

product in compari son to the medium compos ition. Thi s medi a must be adjust at the optimal 

condition inc luding carbon and ni trogen sources, L -tryptophan as JAA precursor, temperature 

and pH (Chandra, Askari et al. 2018). It is also been inves ti gated fo r its effect on the hum en 

and horse serum whi ch prov id a data that as serum constitues one of its ma in component that 

is detox ify ing agent and can he lp in the hydro lys is of the ester (B rown, Ka low et al. 198 1). 

T he kinetic and behav iora l assay of interacti on of IAA w ith both of the samples was done 

using butyrylthiocholine as substrate but the enzymes in the humen and horse serum varies as 

there is an extra negati ve charge on the omega loo p in the horse prote in and it is as much as 

effecti ve as triple humen mutant. The resul ts when interp reted it showed that IAA have a t ime 

dependent effect and inhibition effect on both th e huBChE and eqBChE serum s (W ierdl , 

Morton et al . 2000). 

1.2 Aim 

To study screening, optimization, production and characterizati on of indole aceti c ac id 

produced by bacteria iso lated from ghulkin g lac ier. 

1.3 Objectives: 

• Screening ofIndole Acetic Acid producing psychrophilic bacter ia 

• Optimizati on offermentation conditions fo r max imum production oflnd ole acetic 

ac id by the selected bacteri al iso lates. 

• Producti on and Puri fica tion of IAA by so lvent-so lvent extraction meth od. 

• Characterizat ion of IAA produced by selected bacteri a l iso lates . 
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Literature review 

2.1 Extremophiles 

Extremophiles, (from Latin extremus meaning "extreme" and Greek philia means "love") 

are those microorgani sms that inhabit or likely thrive phys ically or geochem ica lly extreme 

cond itions that are harmful to the huge variety of life lives on earth. Contrary to these, the 

other organ isms that li ve in much adequate environments may be referred to as neutrophils 

or mesophiles. During the decades of 1980s and 1990s many of the biologists have fo und 

that the microorganisms are so much flexible that they can tolerate the extreme 

environments, such as niches that are incredibly hot, acid ic or even co lder which can be 

fully uninhabitable for the mesophiles. Many scientists even beli eve that hydrothermal vents 

were the primary habitats for the life under the surfaces of ocean's (Gupta, Srivastava et al. 

2014). 

The word extremophi le was initially coined in 1974 by (MacElroy 1974), and they were 

then classified into three groups named archaea, bacteria and eukarya (Rothschild and 

Mancinelli 200 1) but th ree decades ago these extremophiles were just a li enated organisms 

and were introduced by just few of the researchers across the world . Currently they have 

been emerged as the most va luab le organisms for those studying enzymology and he lping in 

various industries (Van Den Burg 2003). During the last two or three decades these studi es 

have been advanced so much that the first conference on extremophiles has been conducted 

in Portuga l in 1996 and a journal named "extremophi les" were introduced for the purpose in 

1997. A society was also formed with the name of " intemational society of extremophiles" 

during the year 2002 for the purpose of sharing know ledge and experience in the fast 

expanding fie ld of extremophiles. 

The effectiveness of extremophi les 111 most industries and var ious other app lications are 

because of the variety of idiosyncratic characters they are showing. A huge incentive 

compiling research on biotechnological and extremophiles' probability related to the 

microorganism and there metabolites. And the production of these metabolites and other 

products are direct ly associated to the involvement of the enzymes and the proteins in the 
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pathways they are us ing fo r the producti on. With the say ing that these o rgani sms can survive 

in extreme environments it is a lso infe rred that their enzy mes are also adapted fo r such 

condi t ions to work properly . A nd thi s theory is supported by the data extracted and obtained 

by study ing the nature of enzymes and m icroorganisms from the past few years . Res istance 

to the hi ghly therma l hab itats , chemica ll y denaturing detergents, hydrogen bonding 

di srupting agents (chaotropic), extreme pH and organi c so lvents (Gaur, Grover et al. 2010). 

Termed as the "extremozymes" they are holding prodigious abili ty to work as catalyst for 

industry wo rking in extreme environments in which the enzymes fo rm the norma l 

mi croo rganisms lost the ir natural ability and structure (Hough and Danson 1999). 

Extremophiles are of many ty pes on the bas is of extreme environments they are happy to 

inhabit or to lerate, such as (ac idophiles) that inhabit ac idic env ironment rang ing from pH 1 

to 5, (a lkaliphiles) inhabi ting pH ranging above 9, (halophiles) habi tants of salty 

environment hav ing hi gh sa lt concentration, (thermophiles) love to live in optimum 

temperature from 60°C to 80°C, (hyper thermophili c) whose temperature ranges above 

80°C, (psychrophiles) w ith optimum temperature ranges below 15°C or even to lerate 

temperature 20°e. T here are many more of them li ke barophilic, o li gotrophic, endol iths, 

xerophili c and many can even inhabi t the ir li fe in more than one stress condi t ion which can 

be term as the po lyextremophiles. Here from the above di scuss ion, we are go ing progress 

with the study of psychrophiles. 

2.2 Psychrophiles 

Schmidt-Nie lsen (Schmidt-Nie lsen 1902) introduced these microorganism s as they are those 

whi ch cannot only thri ve li fe on ooe but can also grow in number, whil e on the other hand 

Horowitz- Wlassowa and Grinberg (Morita 1975) used psychrobe fo r the actual 

psychrophiles and used the term psychrophiles for those which can grow at ooe but can also 

grow at hi gher temperature. After suffic ient amount of the data co llected about these type of 

microorgani sms a dictionary in the name of "Dictionary for Microbiology" were formed in 

1957 that has defined them as those with ideal growth temperature of 15°C are ca lled as the 

psychrophiles (Laszti ty 2009). M icroorgani sms that can grow optimally at or below ooe, 
15°C and 20°C respective ly are called psychrophiles and those that can w ithstand a 
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temperature of up to or above 25 De are called psychroto lerant (Helmke and Weyland 2004). 

The sustainability of the metabolic activit ies and the normal growth rate in such type of 

environments is very difficult as they need such a tremendous amou nt of the adaptation to 

compete such temperatures and to work out for living (Fe ll er and Gerday 2003) and these 

are the actual interesting fact that are making them very much favorable fo r researchers to 

work on and get understood their behavior genetica lly and acc limation processes in them 

along with their ability of adaptations (Zakhia, Jungblut et al. 2008). 

To look at the surface of earth it is easy to know that 14% is the polar region of the earth and 

in the remaining 7 1 % is the oceanic region on earth in which the temperature of the 90% of 

the oceans is below 5De and the oceans have the abi lity to maintain its constant temperature 

i.e., 4-5 De despite of the latitude differences and this is the reason that almost all of the 

barophiles are either psychotropic or psychrophilic in nature (Yayanos 1986). Psychrotrophs 

can also thrive in the same environment as the psychrophiles are in, but they maintain their 

cell number much more than the psychrophiles and the reason is that they can compete the 

fluctuating temperature from the sun on the ice surfaces either they are in the north or in the 

southern polar region that can gain the higher temperature up to 28 De. While psychrophiles 

cannot survive in such a higher temperature and such a fluctuating temperature, and if the 

concept that life is evo lved from the mesophiles or thermophile then this can also be exactly 

possible that the psychrophiles are also evo lved from the psychrotrophs (Morita and Moyer 

2000). And the study reveals that as they are the res idents of the co ld environments than 

they are making it possible that these environments have suffic ient amount of essenti al 

nutrients and perfect regenerat ion procedure of the nutrients (Deming 2002). [t is also 

revealed that some microbes have thrived for millions of years in the permafrost in the form 

of cryobios is (Vorobyova, Soina et al. 1997). One of the habitat for microorganisms is the 

arctic sea ice in which microbes are li ving at -20De and is giving the concept that 

microorganisms have the ability to live in a habitat that is the combination of -20De and a 

liquid surface (Junge, Eicken et al . 2004). While in contrast the growth on a temperature of-

12De is not yet reported for these microorganisms (B reezee, Cady et al. 2004), however the 

microorganisms are reported to survive in situ at -30 De and in some prediction their 

metabolism can also work in -40De (Price and Sowers 2004). 
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2.3 P hys iological ada pta tions of psychrophiles 

Rapid growth of the psychrophil es is assoc iated w ith the adaptations made by them to the 

low temperature environments. Yet thi s is especia lly fo r those environments that consist of 

suffi c ient amount of the energy sources there fo r the ce ll. And thi s phenomenon is even 

outcompeted by some of the obi igate psychrophi les contrary to the psychrotro phs suggesting 

that they are having more minerali zation ability in the co ld co nditi ons (Harder and 

Ve ldkamp 197 1). Some of these adaptations are di scussed be low. 

2.3.1 Antifreeze Proteins 

Anti freeze prote ins producti on is one of the best adaptati on psychrophi les have made to 

them as they enable them to compete the co ld environments and to help them li ve in . these 

are such ty pe of prote ins that cannot di sturb the me lting property of the so lution but help the 

mi croo rgani sms to a lter the ir temperature and to thrive in the conditions in co lli gative 

pattern (Dav ies, Baardsnes et al. 2002). The term thermal hysteres is is used fo r thi s process 

in whi ch the psychro philes are a ltering the ice shape that is assoc iated w ith the binding of 

the prote in to the ice (Kim, Lee et al. 201 7), alongs ide these the antifreeze proteins also 

works in the inhibi t ion of the nuc leation of the ice crysta ls and the ir growth and this 

phenomenon is termed as ice recrystallization inhibiti on (Kawahara 2013) . For the very first 

time these prote ins were di scovered in the arcti c fi sh and after that they w ere reported to be 

present in plants , other fishes, diatoms, and mi crobes too. G. Antarctica is examined to be 

the first microbe that is secreting these types of prote ins when grown in co ld environment 

(Hashim, Bharudin et al. 2013) . When the genome study of the yeast was done it was 

revea led that they have nine di fferent genes that are responsible fo r encoding these prote ins 

(GaAFP) all are g iv ing di fferent shapes to the crystals fo rmed by ice (Turchett i, Thomas 

Hall et at. 2011) . Each of the genome in thi s fungi showed low TH activity on p.OS -0.08°e 

and muc h hi gher values for the TRI activity (Firdaus-Raih , Hashim et al. 2018). The group 

of AFPs is very di stinct in terms of structure of the prote ins but they wo rk the same and that 

is the prevention of the cell from icing or freez ing. Horizonta l gene transfer is sa id to be the 

process that is invo lved in the evo lution of thi s gene in the o rgani sms to full through the odd 
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environments (Davies 20 14) . It is reported that they are folded into ~-helices but these 

folding are in three different ways (Hashim, Sul a iman et al. 2014). 

2.3.2 Membrane fluidity 

The ro le of first barrier to the transfer of nutri ents, signa ling and energy transduction from 

environment to the ce ll or vice versa is always played by the ce ll during any kind of stress 

conditi ons (Siliakus, van del' Oost et al. 2017). When there is a low freezing temperature the 

cell membrane co nverts into ri g id form and thus causing the inactivation of much type of 

proteins working in the membrane for transfer of prote ins comprising of carri er and 

transporting prote ins (Los and Murata 2004). Delta-9 and de lta-1 2 are some of the co ld 

adapted fatty ac id desaturases that are known to be upregulated at about -12 DC temperature. 

They are reported to be respons ible for the addition of the first and second doubl e bond to 

the structure of the fatty acid if both are present in a ce ll (Bharudin, Bakar et al. 2018). The 

fatty ac id profi Ie shows that masses of the fatty acids are in the form unsaturated fatty acids 

and the have many double bonds except the oleic ac id that are of s ing le double bond chains. 

Surpri singly, these polyunsaturated fatty acids number is increased by about 1-2% that fuels 

the fluidness of the ce ll membrane when the temperature is freez ing like _12DC (B harud in , 

Bakar et al. 20 18, F irdaus-Ra ih, Hashim et al. 20 18). The same behav ior were also reported 

in many other bacteri a like Shewanella sp.(GA-22) (Gentile, Bonasera et al. 2003) and 

archaea Methanococcoides burtonii (Nichols , Miller et af. 2004) . 

2.3.3 Stress Related Proteins 

Stressors in the environments can cause stress and it can be of extreme leve l like they may 

be uttermost downshift of the temperature, decrease in nutrients availability, radiation, 

intemperate UV, or can be high osmotic pressure (De Maayer, Anderson et al. 20 14). For 

competing these stressing environments internally and externally, psychrophil es have to 

prepare some combating proteins system that can prevent them from these kinds of stresses, 

and for the purpose many types of proteins are fo rmed by them already compri sing of heats 

shock proteins (HSPs), co ld shock prote ins (CSPs), co ld active enzymes and the molecular 

chaperons that reinstate the natural structure of the abnormal or denatured proteins 
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combating these stresses (Feller 2013 , Keto-Timonen, Hietala et al. 201 6, Santi ago, 

RamIrez-Sarmiento et al. 201 6, Turchetti , Marco ni et al. 2020, Baeza, Zuni ga et al. 2021). 

In G.antarctica the stress proteins that are reported are chaperons, Heat shock proteins and 

the pepti dy l- pro ly l isomerases or (PPlase) . While comparing the genome of psychrophilic 

yeasts w ith that of the non-psychrophilic yeast we can eas ily conc lude that they do not have 

any such kind of genome sequence for these stress combating prote ins. Four gene are 

involve in coding of Co ld shock proteins, PPlase and s ix heat shock proteins, and it is 

reported that these genes are only present in the psychrophilic P. destructants. Hence , this 

can be prove that these prote ins are adapted by the psychrophile for the sack of survival 

inside such kind of environments (F irdaus-Raih, Hashim et al. 2018). E ighty nine poss ible 

molecular chaperon are a lso investi gated in the mi croorgani sms consisting of TRi C 

chaperon, heat shock prote ins, heat shock prote in70, heat shock prote in40, heat shock 

prote in20, heat shock prote in90, co ld shock proteins, AAA prote ins, CS- domain proteins, 

tetra tricopeptide repeat domain prote ins and ubiquitins (Yusof, Abu B akar et al. 20 \ 5) . 

Moreover, an interes ting finding has been brought to the study that G. Antarctica produce a 

unique prote in, the very fi rst of its kind named as the expansion prote in that helps in the 

softening and loosening of the cell wa ll when the ce ll needs to expand. Thi s expansion 

occurs in the non-cova lent bonds of the g lucans matrix and the microfibril s of the cellulose 

causing the expansion of the ce ll wa ll (Nor, Hashim et al. 2020). 

2.4 Psychrophiles of P akistan 

Glac iers are the natura l habitats fo r psychrophiles as the temperature ranges fo r them in the 

g lac iers are a lways optimum with a little bit of the variat ion but not much that they cannot 

survive. In Tibetan plateau situated in the Hindukush-Karakoram-Himalayas mounta in 

ranges known as the third pole covers about 104,850km of the area compri s ing of the 

49, 873km in China and about 40,000km both in Paki stan and India, and thi s is because of 

these have the highest number of glac iers and the utmost concentration of thc icc and snow 

on them (D'Amico, Claverie et al. 2002) . These ranges are scarcely scrut inized fo r the 

prevalence of communi t ies of mi croorgani sms. Though (Rafiq , Hayat et al. 2017) has 

iso lated may of the bacterial strains sampled from the Siachen glac iers in Pakistan. After 
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ident ifi cation they were fo und to be the genus of Pseudomonas, Alcaligenes, 

lonthenobacterium, Rhodococcus, Carnobacterium, Arthrobacter, Bacillus, Lysinibacillus, 

Staphylococcus and Planomicrobium. While (Rafiq, Hayat et al. 2019) has isolated 

members of the microorganism given by , Actinobateria, Bacteriodetes, Firmicutes And 

Proteobacteria. Rongbuk g lac ier was also invest igated by (S hen, Yao et al. 20 12) and have 

reported four main groups of bacteria including actinobacte ria, firmicutes , a lpha

proteobacteria and gamm a-proteobacteria. (S hiv aj i, Pratibha et al. 2011) has iso lated many 

phyla of the bacteria from another g lacier named as Pindari g lacier in Himalayas by using 

the 16S rRNA sequencing gene libraries. The scarc ity of and low number of bacteri al 

iso lates f rom such types of environments is due to the dumping of the non-biodegradabl e 

waste in utmost quantity (Rafiq, Hayat el al. 20 17). Inside the abysses of the glac iers the 

troops have dumped a much higher amount of ammunition waste. In estimation pl astics, 

cadmium, cobalt and chromium co mprise about 40% of the total waste that is affecting the 

Shyo k River that connects with the Indus River near Skardu. Drinking and irri gation sources 

are connected from the Indus (Kemkar 2006, Rafiq , Hayat et al. 20 17) . 

2.5 Plant Hormones 

T he term phytohormones or plant hormone are naturally occuring mo lecules in plants use 

fo r signa lling and are in eminently smaller concentrat ion. These are hav ing role starting 

from the small est embryogenes is(Mendez-H ern andez, Ledezma-Rodriguez et al. 2019), 

mov ing from the regulation of organ s izes and leading up to the defence aga inst the 

pathogens (Shi genaga and Argueso 20 16, BUrger and Chory 2019), work in g in the stress 

tolerance (Chandra, Askari et al. 2018) and untill the development of the reproductive 

system in plants(Pierre-Jerome, Drapek et al. 20 18). Contrast ing to the production of 

hormones in animlas, pl ants have the capability that each of the ce ll can produce these 

hormones (Sochova). The term phytohormone was used for the first time by Went and 

T him ann when they published their book in 1937. Coord ination of cell di v ision, growth and 

di ffe renti ation are some of the major functions the plant hormone are responsi ble for 

(Hoo ley 1994) . Co ntro l of seed dormancy and germenation of the seed are some other 

aspects that plant hormone are worki ng in (Graeber, Nakabayashi et al. 20 12). Abscis ic ac id, 
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g ibbere llins, ethylene, indole acetic acid, cytokinins and brassinosteroids are some of the 

dominant hormone that plants produces to contro l its physio logical and biochemi ca l 

activities and the surpri s ing fact is that these chemicals are also produced by the mi crobes 

present in the soi l (Santner, Calderon-Villalobos et al. 2009, Finkelstein 20 10). These are 

the on ly type of hormone that are not nutrients in nature but are rather chemica l in nature 

that are responsible for the influence in growth, development differentiating the cells and 

tissues (Op ik, Rolfe et al. 2005). The responsive hormone concentration for plants is 

extremely low as much as (10-6-10-5 mollL) and that is the reason why they were not taken 

into interest for such a long time and for the first time the in late 1970s the scientists have 

started to divide them into categories and to study their separate activ ities and effect on the 

plant physiology (Srivastava, Eckert et al . 2002). 

2.6 Types of Plant Hormones 

Plants can produce many type of hormones depending upon the physiology and the 

physiolog ical effect of the hormone on plants. These can be simi lar by sharing simi lar 

physiolog ical impacts but their chemica l structure cannot be the same and vary from 

hormone to hormone. Intially the investigated hormones were of just fiv e major types named 

as abscisic acid, auxins, brassinosteroids , cytokinins and ethy lene (Weier, Stocking et al. 

1970). Tho ugh in afterwhi les the list of these hormones have been expanded and many other 

identified hormone were also added to them in some are brassinosteroids, jasmonates, 

sa licyclic acid and strigo lactones. In addition to them there are many other sim il ar 

compounds that are yet to be identified as the plant hormones as they are showing same 

properties but are yet to be classified as the bonafide hormones. 

2.6.1 Abscisic Acid 

Abscisic ac id sometimes abbreviated as ABA or ABA hormone that helps in regulating 

growth,development and in stress response in plants v ia inhibition or promotion of plant cell 

division. One of the major role of this hormone is the defense aga inst bacterial attacks . They 

can also help in the formation of the latera l shoot in coty ledonary nodes and increase growth 

of the main shoot in 17days o ld cultivated plants. They are the most important plant growth 
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inhibitors and the ir rol e is the washing in and out of the degraded plants tissue during co ld 

temperature, accomu lates in the fruites during its maturation , prevent the germination of the 

seeds within the fru ites during w inter seasons and re lease the dormant seeds from dormancy 

(Feurtado, Ambrose et al. 2004). 

2.6.2 Auxins 

Ce ll en largment, bud formation and initiation of the roots are some of the dominant 

functions that auxins are playing in the plants body. Influencing other hormones li ke in 

combination with the cytokinins the are responsible for the contro l of growth of the root, 

stem, fru ites and converting the stem into flowers (Osborne and McManus 2005). During the 

process of apica l dominance aux ins can inhibits the growth of the buds and lower down the 

growth of the stem, and enterta in the development of lateral advintitious roots too. In seeds 

they regulates a specified protein synthesis (Walz, Park et al. 2002) that is responsib le for 

the deve lopment of the flower to the fruits. The most common of the auxins found in the 

plants is Indole-3-acetic acid. 

2.6.3 Brassinosteroids 

These hormones were first isolated form the rapeseed in 1979 and are c lassified in the c1as 

of polyhydroxysteroids, which are the on;y example of the stero id type hormones . The major 

functions they are performing are gravitrop ism, ce ll elongation, res istance to stress and 

xylum differentiation . Root inhibition and leaf absciss ion are also the functions of this type 

of hormone (Grove, Spencer et al. 1979) . 

2.6.4 Cytokinins 

Ce ll division and shoot formatio n in the plants are the two major steps that cytokin ins are 

looking over in the plants. Delaying senescence, transport of the auxins and internodal lengts 

are a lso effected by these types of hormones. After the isolation from the yeast in the start 

they were named as the kin ins. In combination with the aux ins they works for major part of 

the plants I ife but when they combines with the ethylene they start to promote the abscission 

of the leaves, flower parts and fruits (Sipes and Einset 1983). 
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2.6.5 E hylene 

Varry ing fro m plants to plants ethylene play very important ro le and is co nsidered as a 

mul t ifuncti onal hormone of plants regulating growth and senescence in plants. These 

processes depends on the concentrati on, timing of appli cation and spec ie of pl ants e ither to 

inhibit o r promote them. They are alos ca ll ed the ripening hormones as thi s gaseo us 

hormone helps in the ripening of the fruits. According to the Greek philosoper Theophrastus, 

the sycamore fi g fruits can even to lerate this hormone and resist ripening unti I the frui t is 

wo unded by scraing or by the some metal tool (Theo logis 1992) . Thi s hormone is formed 

by the pathway ca ll ed yang cycle from methionine through the intermediate 1-

aminocyclopropane-1carboxy li c ac id and the pathway was di scovered by Shang Fa Yang 

(Adams and Yang 1979, De Paepe and Van Der Straeten 2005 ). 

2.6.6 G ibbet'ellins 

It is a diterpeno id plants hormone from the family of tetracyc lic diterpeno id plant hormone 

with the effect in speeding of the elongation of the dwarfis m in plants to elongate faster, 

promote fl owering, help in stem and root elongati on and enable plant to grow fruits. 

G ibbere llins were first discovered from a fungi named Gibberella jiljikuroi, and the 

researcher who di scovered them was a Japanese sc ienti st named E ii chi Kurosawa, that 

produced some abnormality in the rice plants (Grennan 2006), but after studying it further 

the scient ists got to know that they were actually produced by the pl ants too and were 

play ing very much ro le in the li fe cyc le of plants. In seedling and adult pl ants the promoti on 

of cell e longation is its main ro le. T ransition from vegetative to reproductive g rowth and 

functi on of the pollens during fertilizati on are contro lled by the g ibberellin s (Tsa i, L in et af. 

1997). 

2.6.7 Jasmonates 

Due to iso lation from the jasmin o il they were named as the jasmonate. T hey are lipid-based 

hormones and are responsibl e for attack of herbivores necrotrophic pathogens (B rowse 

2005). T he most active of the j asmonates is j asmoni c ac id that can futi he r be metabo lize to 

methyl j asmonate whi ch is a vo latile organic co mpound in nature. Crossta lk is sa id to be a 
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signalling pathway in w hi ch it interact w ith other metabo lites and show both pos it ive and 

negati ve impacts on plants phys io logy . T his hormone is produced by plants fo r the purpose 

to help in deve lopmenta l stage including, po llen deve lopment, co iling of tend ril s, ripening of 

frui ts, senscence and response to the biotic and abiotic envirnementa l facto rs (Lorenzo and 

So lano 2005). 

2.6.8 Salicyclic acid 

It is a beta hydroxy ac id that can naturally be produce by pl ants. They possess the ability to 

act as an anti-inflamato ry agent and he lp in the process of exfo liation as an antibacterial 

agent. T hey are orderless and can be v isua llize as white tan so lid when expose to li ght. 

Pheno li c in nature and of great medi cinal interest for man, these horm one were f irst 

extracted from Salix alba (white w illow bark). Sa licyc li c ac id can be use as precursor of 

painki lle r aspirin . T hey can also help in defence against the attack of the pathogens I ike 

necrtrophic and herbivores . In additi on to thi s the alos repond s to the abiotic stresses like 

those in droughts, hi gh temperature, heavy meta ls and osmoti c pressure (Rivas-San Vi cente 

and Plasenc ia 2011 ). 

2.6.9 Str igolactones 

Stri go lactone are s igna lling molecules produced by plants working in two major events 

during plants development, one is contro lling the devl opment of plants and second is the 

symbioti c associati on fo rmation between the roots and the microorganisms present nea r the 

root nodules. Germinating the paras itic weed named Striga lurea was led to the discovery of 

the stri go lactones . During the process it was noted that the roots of the host plant are 

produc ing a newly unknown type of chemica l that is stimulating its ge rminati on (X ie, 

Yoneyama et al. 2010) . Shoot branching inhibi tion is another ro le is defi ned fo r the 

strigo lactones (Gomez-Roldan, Fermas et al. 2008). Other important roles that are played by 

the stri go lactone are the senescence of leaf, phosphate starvation response, sa lt to lerance and 

s ignall ing of li ght (Schausberger 2018). 

2.6.10 I ndole Acetic Acid 
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Indole acetic ac id the member of class auxll1 of plant growth pro moting hormone that 

occures 1110st coml11 onl y. Scientists who are invest igat ing the plant phys io logy have fo und it 

the 1110st interesting and have worked on it extensive ly generat ing a vast amount of the 

knowledge on thi s hormone (S imon and Petrasek 2011 ). It is a der ivative of the indo le 

hav ing a carboxymethyl substituent and is co lorl ess so lid hav ing high so lubility in organic 

so lvents as of its so lvent nature. Indole acetic ac id is mainly produced in the apical palts and 

mostl y in the newly grown leaves of plants. They can be synthes is by tryptophan dependent 

or tryptophan independent pathways (Zhao 2010). The pathway that is adapted by the plants 

is tryptophan dependent through indo le-3-pyrui c ac id (Mash iguchi , Tanaka et al. 2011 ). In 

plant Arabidopsis thaliana the production of indole aceti c acid is tryptophan dependent 

through indole-3-acetaldox ime (Sugawara, Hishiyama et al. 2009). During the synthes is of 

lAA by tryptophan dependent pathway L-tryptophan is metaboli sed to indo le-3-acetamide 

by the help of enzyme tryptophan-2 -l11onooxigenaseandthen by the help of indole-3-

acetamide hydro lases thi s product is metaboli sed to indole aceti c acid (Matsukawa, 

Nakagawa et al. 2007). Infect ing rats with Trypanosoma brucei gambiense it was reveal that 

the production of tryptophan is due the l11etaboli c action perfo rmed by both the endogenous 

and the co lonic microbes using the dietry tryptophan as the substrate accompanying 

tryptophol (Stibbs and Seed 1975). 

2.7 Sources of indole acetic acid 

Graci/aria dura is a macroalga l rhodophyte that belongs to the family of algea and can 

produce the bacteriall y manipualted indole acet ic acid in bud inducti on (Fahy, McGenity et 

al. 2006). Prionitis lanceolata is a roseobacter another macroal gae that res ides the 

interce llular space between the ga lls of Fish are sa id to be invo lved in the producti on or the 

alterati on of the process of production in the host cell. The are clades of roseobacter that 

belongs to the class a-proteobacteri a. The amount of theindole acetic ac id in these are of 

extensive amount but it is still a mystery that if it is produced by the bacteria or by the 

macroa lga l host because till now non of them is iso lated as an uncontaminated cul ture 

(Ashen and Goff 2000). Recentl y it is studied that one of the di atoms named Pseudo 

nitzschia multiseries also play an important role in the production of the indole aceti c acid 
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and they are studi es as they are havi ng role in the up-regul ation of the L-tryptophan 

synthes is in the responsible algae that can lead to the production of the indo leacetic ac id the 

plants and bacteria and in this way it work as siga lling molecule for increas ing th rate of the 

growth in Pseudo-nitzschia (Am in, Hmelo et al. 2015). Brown macroalgeae named Fucus 

distich us and Ectocarpus siliculosus are also detected with the production of the indole 

aceti c acid. In the fami Iy of the red algae Pyropia yezoesis and Bangia fuscopurpurea are 

found to be responsibl e for the production of the indole acetic ac id (Mikami , Mori et al. 

2016). N itella from the calss Charophyta having c lose association with the land plants are 

investiagted with the producti on of the indo le acet ic ac id and thi s is leading to the 

conclus ion that the acestors of the land plants were hav ing this ability of the production of 

the indo le acet ic acid. Afterwhile it was been studi ed that there were some spec ified type of 

genes in the genome of the Charophytes that were coding the biosyntheti c pathways of the 

indole acetic acid production (De Smet, Yo/) et al. 20 11). Plant g rowth promoting 

Rhizo bacteria were the first to be studied for the production of the IAA via direct method 

and indirect method. A longwith the production of the IAA they are also responsible for the 

production of the s iderophores, HCN and some antimicrobia ls (Sarwar, Arshad et al. 1992). 

Many of the non rhizospheric bacteria are sa id to be producing IAA acetic ac id secondary 

metabo lite to inhibit the the growth of rhizosphere of var iety of plants and this is because of 

the ava ilability of many di ffe rent types of substrates for the 1AA that are present outside the 

rhizosphere (Sadaf, Nuzhat et al. 2009). 

2.8 Indole acetic acid role in plants 

Indo le acet ic is a plant hormone that can be biosynthesis by plants and many 

mi croorgani sms as di scussed with some example in the above mentioned topic. They play 

an extensive role in the growth of the roots and shoots of the plants during the development 

processes. And all thi s is because of the movement of the hormone in the plant body by the 

interfare nee of spec ifi c importers some of ehi ch are named as (AUX l ) and effl ux pumps 

(PINl -7) (Prusty, Grisafi et al. 2004). Gene ACS2 that is responsibel fo r the production of 

the IAA production is di agnosed to be inhibited by the IAA produced by the fungi causi ng 

wounds in the pea plants, however there is not much amount of knowledge that can suuports 
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thi s phenomenon of the IAA of causing wo unds in plants but is obvious that it acts as 

attractant fo r the fungi that is pathogenic to the pea plants (Peck and Kende 1998). It is 

invest igated that the bacteri allAA acetic ac id can help in the demanouvering of the defence 

system of the host plant that dispiri ting the signall ing pathway for the IAA and in thi s way 

they can show diect res isiti ve abili ty to res ist the defence of the host plant and li ve in friedly 

environment with the plant. Thi s show the negati ve role of the fAA that is to be produced by 

the bacteri a by demanouvering the defence system of the plant making it friendly fo r 

bacteri a to li ve in (S paepen, Vanderleyden et ai. 2007) . Although bacteri a is producing IAA 

but still there is no such role of the hormone in the bacterial growth, instead it helps the 

plants to manouver and increase the fitness of the plant in plant-bacterium interaction 

(Patten and Gli ck 2002). While in the elongati on peri od of plant growth the overproducti on 

of the root hairs and lateral roots is stimulated by the producti on of IAA that leads to the 

removal of the saccharides from the plants cell that is a source of nutrients and is fo und to be 

invo lve in the co lonizati on of the plant growth promoting rhizobacteria (Brandl and Lindow 

1998). 

2.9 Mecha nism of Action of IAA in plants 

There are three interdependent pathways that are studied fo r detecting the activity of the 

IAA in plants. These pathways are homeostas is, polar transport and auxin response. De novo 

IAA biosynthes is is the characteri sti c feature of the homeostasis, fo llowed by the 

degradation IAA and then heading to the conjugation/deconjugation of fAA with amino 

acids invo lve in the activity (Cohen, Siov in et ai. 2003). The process of IAA action start 

with the entry of the IAA to the nucleus of the plant ce ll where it start ubiquitinati on which 

is a post transcriptional modification proceeding with the attachment of the ubiquitin 

complex with the substrate proteins. Thi s is a three steps process in which the substrate 

protein attaches with proteins of the ubiquitin complex one after the other in a well directed 

way. First of all they attaches with the E1 known as the ubiquitin-activat ing enzyme which 

targets prote in through proteosome bonding covalently to the target protein in protein 

regul ation process. The step is fo llowed by the bonding of the substrate protein with the E2 

that is ubiquitin-conjugating enzyme which is a short protein hav ing 76 amino acid in it to 
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bind covalently with the lysine amino acid of the substrate protein. The third step is the 

recognition of the substrate that is to be bind to the E2 that is has already to be loaded with 

the ubiquitin molecules which is done by the ubiquitin li gase or E3 protein and in turn the 

acting mechanis of the IAA boosts up (Petroski and Deshaies 2005). The TAA proteins then 

binds with the auxin response factor or ARF protein which is a binding factor of TGTCTC 

in promotors of early auxin response gene resulting in a heterodiamer that in turn cause 

suppression of the ARF activity (Tiwari, Hagen et af. 2004). The role of the IAA signalling 

was also suggested in stress tolerance while investigating its ihibition ability in the 

photorespiratory- dependent cell death due to the photorepiratory catalase mutants (Kerchev, 

MUHlenbock et af. 2015). 

2.10 Microbial Indole acetic acid 

Plant growth is detected to be enhanced by the production of 1AA by the rhizobacteria that 

worked an important tool in this prospect. Studying the Acacia cynophylla for this purpose 

were investigated with the presence of about eighty different rhizobacterial isolates residing 

the root nodules of the Acacia plant. In this research it was also studied that they produces 

thi s hormone as their secondary metbolite by using L-tryptophan as the substrate molecule . 

Rhodopseudomonas pafutris and Dafbergia fanceolaria were studied to produce IAA at an 

optimal temperature of 35°C in 2 days incubation time. Further studies showed that the 

bacterial isolates when were studied for the identification, they were identified as the 

members of Paenibacillus, Agrobacterium, Azotobacter chroococcum, Azospirillum 

brasilense and Streptomyces mutabilisa (EI-Shanshoury 1995 , Lebrazi , Niehaus et af. 2020). 

When the molecular mechanism of the tumorigenesi s was studied, interestingly it was noted 

that it was coinciding with the pattern of TAA as the plant growth regulator during its recent 

discoveries at that time which were induced by the Agrobacterium. The source of IAA in 

Agrobacterium were shown to be the tumor that was induced by the bacterium and was 

suuposed to be helpig in growth of the plants till the discovery of the IAA as the plant 

growth regulator (Link and Eggers 1941). As a very common ability of the PGPB it can be 

determine that in an utmost number of the bacterial strains there is the ability to produce 

IAA by adapting e ither L-tryp dependent pa~hways or L-tryp independent pathway of IAA 
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prduction mechanism. AzospiriLlum, Pseudomonas and Rhizobium are some common classes 

of them that are studied for IAA production (Malhotra and Srivastava 2008). For 

commerical level production many different types of microorganisms were studied in which 

yeasts were supposed to be the most potent microorganims that can he lp to produce IAA 

commercia lly. For the purpose Rhodosporidiobolus jluvialis is said to be the strongest IAA 

producer for large scale production (Bunsangiam, Sakpuntoon et al. 20 19) . Chlorella 

pyrenoidosa belogs to algae are stude id with the production of IAA, indole propionic and 

idole butyric acid. The production of these were also detected with the provision of the 

tryptoamine instead of the tryptophan as a precusore for the production of these auxins 

(Czerpak, Krotke et al. 1999). Among the fungus there are so many species investigated 

toproduce IAA in which the following are the most common producers of the IAA; 

Phanerochaete chrysosporium, CoLletotrichum gloeosporioides and Aescgynomene. 

Penicillium sp is also suggested based the studies that is responsible for the production of 

IAA (Karthikeyan, Nithya et al. 2010). Amongest the exogenous fungi it is been studied that 

Funalia trogii and Lentinus sajor-caju are the strongest producers of the IAA (ONY A Y AR 

2000). 

2.11 Microbial IAA help in promoting plant growth? 

Study ing the role IAA produced by the microbial ce ll s in promoting the growth of the plants 

its is suggested that it have no clear role in enhacing bacterial and microbial growth but can 

help in enhancing the fitness and health of the plants. So in this regard when it was studied 

deeply it was detected that when the bacterial cell invade the plants epidermal cel l they statt 

so lonization inside the root hairs and that leads to the strong growth of the roots in plants in 

comparison to the absence of the rhizobaterium inside the root hair zones . And when the 

phenomenon were studied deeply it was detected that there was a mere production of the 

IAA in the plant roots (James, Gyaneshwar et al . 2002). As per the reports the bacterial IAA 

can loosen up the cell wall of the plant roots cells and making it easier fr bacterial ce ll to 

colonize inside the roots that is why the bacterial IAA attract more and more endophytic 

rhizospheric bacteria to the rootsvof the plants and hence causing more exudation of the 

roots leading to strengthening of the host plants (Garcia Salamone, Hynes et al. 2005). By 
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increas ing the surface area of the plants roots and he lping in lengthening of the roots 

bacteria l lAA lead plants to hi gher acees to the nutrients and more uptake of water (Vessey 

2003). O ne of the benefits to plants is increase in number of nodulat ion that is cause by the 

bacteria l lAA as they prov ide more and more active s ites to the other PGPRs to bi nd to the 

roots and and cause co lonizati on of the bacteria l communiti es (Parmar and Dadarwa l 2000). 

T he ro le of the bacteria l IAA is obv ious in the strengthening of the roots of plants but it also 

he lp in the exapns ion of the cell size in the coty ledon when the seed are in the phase of the 

germination, however this depends on the amount of IAA production by the endophyti c 

bacteria (Jas im, Jimtha John et al. 2014). In the process of transcription the ro le of the 

endophyti c bacteria l IAA is also studi ed which can enhance the process in the nodules of 

pl ant roots where the process of nitrogen fi xation occures (Defez, Espos ito et al. 20 16). 

2.12 IAA from Psychrophiles 

Amongest the biofertilizers IAA is the most commonly produced fertili zer or PGP by the 

mi croorgani sms e ither it is bacteria or fungi. The ro le of the lAA in plants is very special 

and important as it is phytohormone and helpin the ce ll di vision, ce ll elongation, fruits 

ripening and in the process of senescence. T he initi ati on of roots, leaves and flower in the 

plants are alsoby the ro le of lAA (Phillips, Skirpan et al. 2011 ) . Inducti on of the process of 

lateral and advintitious roots fo rmation in di cots and monocots respective ly are also due to 

the interfe rence of the IAA (McS teen 2010). Other acti v ites that IAA perfo rms in the plants 

are the vascul ar deve lopment, cambial growth , fostering of the thikness of the secaondary 

wa ll and manipulating the s ize of the xy lem ce ll s (Ugg la, Moritz et al. 1996). Now as from 

the literature it is extracted that the production of the indo le aceti c is not only the 

characte ri stic functi on of the thermophiles and mesophiles but can al so be produced by the 

psychrophiles li v ing in mutual relation with the nodules of plants in cold env ironments. 

2.13 Screening and Detection of IAA 

As fro m the research it is clear that IAA can be produce by bacteri a in lab and we can screen 

those bacteri al stra in fo r the production of lAA fo r which di ffe rent methods are use in the 

li terature depending upon the concentrati ons of the supernatants taken for the culture. These 
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methods also varies for the variation in the type of the strains like for example, screening 

methods used for the detect ion of IAA from strains of Rhizobium isolated form the root 

nodules of Acacia cyanophylla is according to the method mentioned by (Bric, Bostock et 

al. 1991 ). According to this technique the Salkowski' s reagent having a composition 1 ml of 

0.5M FeCb and 50ml of 35% HCI04 can be use for the qualitative analysis of the sample 

during the protein assasy in the ratio of 1:2 with the supernatant taken for the production 

media having L-tryptophan as the substrate for IAA made in the nutrient broth or yeast 

mannitol broth. After mixing 2ml of the Salkowski's reagent with Im1 of the supernatant it 

should be incubate in the dark for at least 1 hour and then the absorbance to be measure with 

the spectrophotometr on 535nm wavelength. One of the method that is use to determine the 

production of IAA by Pseudomonas putida where along with reagents used for the 

qualitative analysis of the IAA production by the bacteria are Salkowski's reagent and 

orthophosphoric acid. In this technique 2ml of the supernatant form the L-tryptophan 

production media to be mix the 4ml of the Salkowski's reagent and 25111 of orthophosphoric 

acid to be added to the mixture and to be incubated for 30minutes in the dark and the 

absorbance to be measure 535nm by using spectrophotometer (Glickmann and Dessaux 

1995). According to the technique used by the (Goswami , Vaghela et al. 2013) the 

supernatant taken from the broth having 1 % or Imgl1 OOml L-tryptophan as the suplement 

for the IAA is mixed with the Salkowski' s reagent in the ratio of 1: 1 and to be incubated for 

I hour in the dark and then to measure the absorbance or optical density at 530nm using 

spectrophotometer. Qualitative study showed that the color detected in the above assays was 

pinkish or red color confirming the visual analysis and presence of the IAA . Bacterial 

culture was made in the broth media having 1-2% of L-tryptophan as the suplement for all 

of the above processes where innoculum of different concentrations were cultured in the the 

above m entioned medias and and incubated according to the optimal growth time of the 

respective bacterial strains . After completion of the incubation time sample of different 

amount were centrifuge at 10,000rpm for 10minutes to take out the supernatant for purpose 

of further analysis. 

2.14 Applications of Cold active lAA 
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Indo le-3-acetic ac id a plant growth promoting hormone that can be produce by the 

microorgani sms inc lusive of bacteria and fungi. It plays very important ro le In the 

interact ion between plants and micrbes and hence ind irect ly effect the growth of the plants. 

Thi s hormone have a majo r imapct in the interact ion of plants and mi crobes . They can also 

playa ro le as the effector mo lecule between the IAA produc ing bacteri a, pl ants and other 

bacteri a (Spaepen and Vander leyden 2011 ). Study ing the growth of L.gibba it was noted to 

be increased in the range of temperture from 5°C-30°C. While noting the growth rate it was 

detected that the growth was increase in fresh weight per day over 18days of culture at 15°C 

and at a temperature of 5°C and lOoC it took 38days to showed an increase in its growth rate 

in its fresh culture. Similarly studying the number of fronds per day fl ask to fl ask showed 

the same trend in its amount increas ing w ith time in relation to the temperatu re. But in in 

normal case if anyone look into the growth of plants he/she can eas ily conc lude that the 

growth of plants decreases due to the decrease in the temperature like at 5°C and lO°C. But 

shi ft ing the plants or the temperature fo r the plants from 5°C and 10°C to 25°C or room 

temperature the growth increases and it continue to increase till the temprature reaches to 

35°C at a time of 4days peri od but further increase in temperature up to 40°C causes death of 

the plants in a span of the 2days time (Rapparini , Tam et al. 2002) . After compar ing the 

growth at a lower temperature of 5°C to 15°C the record showed a co rrelation w ith the 

temperature. But investigating the correlation at l 5°C and 20°C there was nothing of any 

interest noted in the variability correlation at the given two temperatures . Still after the huge 

vari ati on in the ranges of the temperature there noted two to three diffe rent groups fo rmed 

by the IAA at the g iven two temperatures in respect of the mgnitude and the indication in the 

research . But above the temperature level of 20°C it can be noted that there is no such 

change in the co rre lati on of the IAA with the temperature (Rapparini , Tam et al. 2002). The 

small parts of the plants li ke shoots have a large amount of the resultant free 1AA and that 

leads to the decarboxy lation in the seed endosperm. As the compari tive rate of the 

destructi ve and formitive IAA beco me equal and remains in study state depending ne ither on 

the ty rptophan nor on the tryptamine as the source of the IAA as the substrate materi a l. In 

other literature it is also showen that the turnover of IAA at 25 °C for t ll2 s iganl s a much 
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lower rate in comparison to all other plants at all other temperatures (Lj ung, Ostin et al. 

200 1). 

2.1 5 Industrial Applications of the IAA 

Among the family of the auxins IAA is the most common that is phytohormone and play an 

imprtant role in the deve lopmental stages of plant cells including ce ll division , elongation of 

the ce ll , expansion and di ffe rentiation of the ce ll and also in the development of the fruits. 

Homeostasis of the lAA is very important fo r maintaining normal and optimal growth but if 

the process of lAA production face any di sturbance it will cause the inhibition of many 

physiological processes in the plants. From the studies it have been noticed that IAA in large 

amount leads to the inhibition of seed germination and plant growth (S indhu, Khandelwa l et 

al . 20 18). Alongwith these factors another most important factor is that higher amountof the 

IAA show a phytotox ic effect and hence leads to the deluge amount of the abscisic acid. 

This is why IAA production in the industrial sca le is not preferable and is limited to the lab 

scale production by microorgani sms for plants (Grossmann 20 I 0) . Accord ing to the 

previous data present almost every type of microorgani sm can produce 1AA amongest the 

bacteria, fungi and actinomycetes. In this regards , researchers have use them fo r large sca le 

production for the purpose of the agricultural use to demoralize the chem ica l herbicides and 

use IAA as a safe source as herbicide. Rhodosporidiobolus j luvialis is investigated as a 

potenti al lAA producing yeast from class bas idiomycetous (Bunsangiam, Sakpuntoon et al. 

20 19). One of the reason behind not to produce lAA at large is the impact of the ratio of 

product concentration to the cost effect on product in compari son to the medium 

composition. This media must be adjusted at the optimal cond ition including carbon and 

nitrogen sources, L-tryptophan as IAA precursor, temperature and pH (Chandra, Askari et 

al. 20 18). lAA is been investigated for its effect on the humen and horse serum which 

prov id a data that as serum constitues one of its main component that is detox ifying agent 

and can help in the hydro lys is of the ester (Brown, Kalow et al. 198 1). The kinetic and 

behavioral assay of interaction of IAA with both of the samples was done using 

butyrylthiocholine as substrate but the enzymes in the humen and horse serum varies as 

there is an extra negati ve charge on the omega loop in the horse protein and it is as much as 
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effecti ve as trip le humen mutant. The results when interpreted it showed that lAA have a 

time dependent effect and inhibition effect on both the huBChE and eqBChE serums 

(Wierdl , Morton el al. 2000). 
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Materials and Methods 

3.1 Strains Isolation 

In the current study the stra ins used were a lready isolated from the sample co ll ected from 

Ghulkin Glacier, Gilgit Baltistan. These stra ins were then preserved at -20°C and were used 

for further studies. The whol e research was conducted in the App li ed E nviron menta l and 

Geom icrob io logy lab (AEG), Depaltment of Microbiology, Faculty of Biological Sciences, 

Quaid-I-Azam Univers ity Islamabad. 

3.2 Culturing and Inoculum preparation 

All the ava ilable stra ins were refreshed on nutrient agar plates having composition 20g/L and 

amount of media prepared were 25mllp late incubated for 48hours. After complet ion of the 

incubation time a loop fu ll of colon ies picked from the nutrient plate, sh ifted to nutrient broth 

and then incubated for 48hours giving strain enough time to grow at a temperature of 15°C 

and agitation speed of 140rpm (Lebrazi, Fadil et al. 2020) . 

3.3 L-Tryptophan Production media 

After the co mpl etion of the incubation time of the inoculum in broth, the strains were 

inoculated in the L-tryptophan production media as L-tryptophan is a precursor of JAA via 

bacterial production . The media prepared was composed of 0.2% L-tryptophan in nutrient 

broth and sterilized at 121 °C for 20minutes in autoclave. 5% inoculum was transferred from 

the inocu lum contain ing broth to the L-tryp production media and were incubated again for 

48 hours (Phetcharat and Duangpaeng 20 12). 

3.4 Screening and quantitative examination for IAA production 

Estimation ofIAA production was conducted by us ing a standard method, as g iven below: 

3.4.1 Gordon and Weber (1951) method (Colorimetric assay) 

For screening and quantification this method was adapted with slight modification in whi ch 

1 ml of supernatant was taken from a 48hrs o ld broth inocu lated with each of the selected 

strains and 2ml of Salkowski 's reagent was added to it. In addition, we added 25 ~" of 
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orthophosphoric acid and incubated the solution for 30minutes in dark at room temperature. 

The color detected after the incubation was pink that indicates the presence of 1AA. 

Determination of the quantity of IAA was done by measuring the absorbance by using 

(Shimadzu-UVI601) UV-VIS Spectrophotometer at 530nm and the results were studied in 

comparison to the standard curve. 

3.5 Indole Acetic Acid Standard curve 

To make a standard curve for the lAA, 10ml of stock solution was prepared and then six 

dilutions of different concentrations were made. After preparing dilutions these were studied 

for the absorption at a wavelength of 530nm and then standard curve chart was made in the 

Microsoft Excel sheet. 
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Figure 3.1. Standard Curve of IAA 

3.6 Optimization of Fermentation Condition 

80 100 120 

To produce maximum amount of IAA, bacteria must be grown in their optimal conditions. 

For this purpose, the fermentation conditions optimized were incubation time, temperature, 

pH, L-tryptophan concentrations, and carbon sources at 0.1 %. GB3, GB29 and GA9 were 

cultured separately in Erlenmeyer flaks at each of these conditions and were incubated in 

shacking incubators. Samples were collected from each of the flask and were processed for 

further estimation (Patten and Glick 2002). 
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3.6.1 Effect of Incubation time 

L-tryptophan prod ucti on med ia was studied fo r IAA production fo r 0-120hours at 15°C and 

agitation speed of 140rpm in shaking incubator. S ix sampl es at different times were taken 

from inocul ation time, Day 1, Day2, Day3, and Day4 to Day5 of incubation. Est imation of 

prote in was then perfo rmed to determine the indole ace tic ac id producti on(Patten and Gli ck 

2002) . 

3.6.2 Effect of Temperature 

L-tryptophan production media was studied for IAA producti on at different temperatures like 

5°C, 15°C, 25°C and 35°C w ith agitation speed of 140rpm in shaking incubator. Samples at 

di ffe rent optimum times were taken as on 48 hours for GB29 and 72hours incubation fo r GB3 

and GA9. Estimation of prote in was then performed to determine the indo le acetic ac id 

producti on(Patten and Glick 2002) . 

3.6.3 Effect of pH 

lAA producti on at di ffe rent pH levels ranging 5, 7 and 9 at a temperature of 5°C for GB29 

and GA9 and 35°C for GB3 w ith agitation speed of 140rpm in shaking incubator was studied 

in L-tryp production media. Samples at 48hours for GB29 and 72hollrs fo r GB3 and GA9 . 

Estimation of prote in was then performed to determine the indo le aceti c ac id producti on 

(Chandra, Askari et al. 2018). 

3.6.4 Effect of L-tryptophan concentration 

L-tryptophan producti on medi a was studied fo r IAA production at di fferent concentrati ons of 

L-tryp ranging 0.1 %, 0.2%, 0 .5%, 0.7%, 0.9% w ith optimum pH level 5 fo r GB29 and pH 

level 7 for GB3 and GA9 at a temperature of 5°C for GB29 and GA9 and 35°C for GB3 with 

agitation speed of 140rpm in shaking incubator. Samples at 48hours fo r GB29 and 72hours 

fo r GB 3 and GA9. Estimation of protein was then performed to determine the indole acet ic 

ac id production (Chaiharn and Lumyong 20 II ). 
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3.6.5 Effect of Carbon concentration 

[AA production in L-tryp production media coi1taining various sources of carbon which were 

glucose, sucrose, fructose and maltose at a concentration of 0.1 % with an optimum 

concentration of L-tryp, 0 .7% for OA9 and OB29, 0.9% for OB3 with optimum pH level 5 

for OB29 and pH level 7 for OB3 and OA9 at a temperature of 5°C for OB29 and OA9 and 

35°C for OB3 with agitation speed of 140rpm in shaking incubator. Samples at 48hours for 

OB29 and 72hours for OB3 and OA9. Estimation of protein was then performed to determine 

the indole acetic acid production (Chandra, Askari et af. 2018). 

3.7 Production and Extraction of IAA 

To produce IAA in higher amount all of the optimized fermentation conditions were applied 

and the same procedure was adapted , as adapted for screening and optimization process but 

the media concentration was kept much higher than that for the screening amounting 500ml 

for each strain in Erlenmeyer ' s flasks and were kept in the shaking incubator for the incubation 

at their respective optimized conditions with the agitation speed of 140rpm (Chaiharn and 

Lumyong 2011). After the completion of incubation , extraction was done in the following 

steps: 

3.7.1 Centrifugation 

After the completion if the incubation the L-tryp production media was centrifuged at a speed 

of 10,000rpm for 12 minutes so that the cell debris and the high molecular weight substance 

in the media settle down to the supernatant at the top for extraction (Widawati 2020). 

3.7.2 Separation of bacterial cell debris 

The process of centrifugation has enabled us to separate the pellet and supernatant of the media 

after passing the media through the centrifuge cycle. So after centrifugation, supernatants were 

collected in separate labeled flask for each strain (Panigrahi, Mohanty et af. 2020). 

3.7.3 Extraction of the crude IAA through separating funnel 

To extract the crude IAA from the supernatant two times washing was done for the supernatant 

with ethyl acetate. In which 200ml of the supernatant was mixed with equal amount of the 
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ethyl acetate fro m the supernatant of each strain and was kept in the separat ing funnel for 

three hours to a ll ow the organic so lvent to bind a ll the organic debris with it and let the 

inorganic part settle down in the funnel. After 3 hours' time the inorganic part was co ll ected, 

and the process was repeated and the organic so lvent a long wi th the crude extract was kept 

preserved. When the repeating process was completed, the extract was kept in open ai r 

all owed to dry. Dried extract was preserved for further analyses at 20°C in 3ml methanol in 

labell ed v ia l fo r extract of each stra in. The extract was measured by measuring the vials before 

and afte r the transfer of the extract into it. The net weight was calculated for the weight of the 

extract (Pani grahi , Mohanty et ai. 2020). 

3.8 C ha racterization of Indole acetic acid 

For the confirmat ion of the production of IAA by GB3, GA9 and Gb29 the extract was 

character ized by the following processes. 

3.8.1 Thin Layer Chromatography 

Thin layer chromatography or (TLC) is a purification process of the crude proteins in wh ich 

si lica ge l o r a luminum oxide coated layer was used to run the extract in the so lvent on it and 

separately observe the bands formed by different components in the extract. The same 

principle was adapted to separate the components of the extract. The stationary phase 

chemi ca lly s ilica gel coated on aluminum plate used was readymade provided by the 

uni versity supplier. It was cut accord ing to the sample size whi ch was 2fl l from each extract 

and a standard lAA of the same size also loaded to ca lculate the retention facto r (Rr) va lue for 

the exact location of the IAA. Standard IAA usually is so lid in nature so it should be converted 

to liquid state by add ing methanol making the exact dilution as that is of our extract. For this 

purpose, 1.56mg IAA was added to Iml of methanol and the same diluti on was made for the 

extract samples with L .56mg/ml. The plate taken was 12cm high with 1.5cm sample loading 

and so lvent cutoff lines each. Samples were loaded at a spac ing of lcm each so addi ng 

standard IAA we were havi ng four samples and the plate w idth taken was 5cm. After loading 

the samples, the plate was kept for 5 minutes to make it air dried. Mobile phase for thi s process 

was a mixture of three different organ ic so lvents consist ing of chloroform, ethyl acetate and 

fo rmi c acid a ll of these were taken in the ratio of77 :22: I v/v respectively (B ishnu , Dhurva et 
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at. 2020). When a ll the preparati ons were done the mobile phase so lvent mixture were 

transferred to a beaker and the plate were kept verti ca ll y and gently so that the mobile phase 

stal1ed movement uniforml y and carried the sample w ith uniform speed from a ll po ints. The 

beaker was kept covered w ith aluminum fo il so that the so lvent would not evaporate out of 

the beaker. Left the chamber for about 50 minutes to let the mobile phase move above the 

stationary phase until the cutoff line reached . The plate was then a llowed to dry befo re 

visua lizati on. Vi sualizati on was performed with the U V visualizer w ith 254nm wave length 

(Rahman, Sitepu et al. 2010) . Retenti on factor was ca lcul ated fo r each component visualized 

using the fo rmul a. 

R etention factor (Rr) = distance trave lled by chemica l of interest / di stance covered by 

so lvent 

The va lues were compared w ith that of standard lAA and the results were co nfirmed (Parvin , 

Rahman et at. 2020). 

3.8.2 F ourier T ra nsfo r m I nfra-Red Spectroscopy 

Fourier transform infra-red spectroscopy (FTIR) analys is fo r the samples processed th rough 

TLC was done w ith (Perkin Elmer Spectrum 64) in the general lab of D epartment of 

Microbio logy, Quaid-I-Azam Univers ity Is lamabad to confirm the presence of IAA in the 

extract by the absorbance of the spectrum . The extract preserved in the methanol so lvent were 

loaded and the analys is was done by adjusting the transmiss ion mode of the instrument from 

400-4000cm-J (Pani grahi , Mohanty et al. 2020). 

Nuclear M a gnetic Resonance 

To confirm the presence of IAA, proton-based NMR or H-NMR was done in department of 

chemi stry , Qua id -I-Azam uni vers ity Islamabad with (Bruker 's NMR-3 00) facility . In thi s 

process the so lvent used were D-chloroform because in H -NMR the machine co llects the 

spectra l peaks from the vibration of the protons present in the compounds present in the 

samples . T he peaks that can confi rm the presence of IAA in H-NMR were of aromati c rings, 

methines and methy lene groups (Chitra, Se lvi et al. 201 9) . 
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Results 

4.1 Optimization of Fermentation Condition for Indole Acetic Acid Production 

The fermentation conditions optimized were incubation time, temperature, pH, L-tryptophan, 

and carbon Source. GB3, GB29 and GA9 were cultured separately in Erlenmeyer flaks at each 

of these conditions and were incubated in the shacking incubators. Samples were collected 

from each of the flasks and were processed for further estimation. The maximum productions 

detected in each phase are discussed below. 

4.1.1 Effect of Incubation time 
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Figure 4.1. optimization of incubation time for GB29 

The incubation period is the most important factor for the estimation of maximum quantity of 

metabolites production. The maximum production ofIAA was detected at 48hrs of incubation 

for GB29 with an amount of about 361.831!g/ml and showed the decrease of about 94%,81 %, 

32%, 69% and 75% respectively in production at Ohrs, 24hrs, 72hrs, 96hrs and 120hrs. The 

maximum production with amount of about 116.23I!g/mi of the IAA was detected at 72hrs of 

incubation for GB3 and the decrease of about 87%, 53% and 87% respectively at Ohrs, 24hrs, 

48hrs and both 96hrs and 120hrs was detected. The same 72hrs of incubation time was 

Pl'oduction ofIndole Acetic Acid by Bacteria Isolated from Ghulkin Glacier 34 



Chapter 4 Results 

detected as the optimum time for GA9 to produce maximum amount of about 134.74Ilg/ml 

IAA with a decrease of about 94%, 81 %, 32%, 69%, and 75% in production at incubation 

times Ohrs, 24hrs, 48hrs, 96hrs and 120hrs, respectively. 
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Figure 4.2. optimization of incubation time for GB3 
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Figure 4.3. optimization of incubation time for GA9 
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4.1.2 Effect of Temperature 

Temperature can affect the production of plant hormone and that is why growth can also 

retard. For this purpose, the optimum temperature detected to be 5°C for strain GB29. The 

highest amount of 350.44/lg/ml IAA production was estimated with a decrease of about 93%, 

97% and 87% in production at 15°C, 25°C and 35°C respectively when incubated for 48hours. 

GB3 showed the highest amount of production at 35°C with an amount of 130.14/lg/ml hav ing 

a percent decrease of about 91 %,88% and 84% at 5°C, 15°C and 25°C respectively. 5°C was 

also the optimum temperature for strain GA9 to produce about 223.48/lg/ml showing decrease 

in production at 15°C, 25°C and 35°C with 92%, 96% and 91%. Both GB3 and GA9 were 

incubated 72 hours. 

GB29 
400 

350 
----E 300 -.. en 
= '-' 250 c: 
0 
:c 200 <J 

= 'e 
0 150 :.. 
~ 

~ 100 
<C - 50 

0 
5 15 25 35 

Temperature (0C) 

Figure 4.4. optimization of temperature for GB29 
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Figure 4.5. optimization of temperature for OB3 
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Figure 4.6. optimization of temperature for OA9 

4.1.3 Effect of pH 

Both acidic and basic env ironments drastically affects the growth of plants by disturbing their 

metabolic pathways. That is why optimization was done to find out the best production pH of 

media for isolates. At optimum time and temperature OB29 has shown the highest production 
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with an amount of 342.73llg/ml at pH range of 5 with 43% and 84% decrease in production 

at pH 7 and 9, respectively. The highest amount of production for GB3 was 124.28Ilg/ml at 7 

pH and the percent decrease of production at 5 and 9 pH was estimated to be 60% and 19% 

respectively. Similarly at an optimum pH of 7 GA9 showed the highest amount of IAA 

production amounting 139.3Ilg/ml and the decrease estimated at 5 and 9 pH was 51 % and 

37%. 
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Figure 4.7 . optimization of pH for GB29 
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Figure 4.8. optimization of pH for GB3 
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Figure 4.9. optimization of pH for GA9 

4.1.4 Effect of L-tryptophan Concentration 
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Figure 4.10. optimization ofL-Tryp Concentration for OB29 

Indole acetic acid producing bacteria always use L-tryptophan to carry out its metabolic 

pathway and produce 1AA., because it works as precursor for 1AA. Results showed that OB29 

at L-tryp concentration 0.7% in media produced highest amount ofIAA about 353.029f..lg/ml 

showing a decrease of 97%, 72%, 5% and 1 % respect ively at concentrations of 0.1 %, 0.2%, 

0.5% and 0.9%. Optimum concentration of L-tryp for OB3 detected was 0.9% where it 

produces maximum IAA with an amount of about 440.084f..lg/ml showing a decrease of 83%, 

64%,18% and 12% respectively at concentrations of 0.1%, 0.2%, 0.5% and 0.7%. OA9 at L

tryp concentration of 0.7% in media produce highest amount ofIAA about 241 f..lg/ml showing 

a decrease of85%, 1%,29% and 48% respectively at concentrations of 0.1 %,0.2%,0.5% and 

0.9%. When they were grown in optimum time, temperature, pH. 
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Figure 4.11. optimization ofL-Tryp Concentration for GB3 
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Figure 4.12. optimization ofL-Tryp Concentration for GA9 

4.1.5 Effect of Carbon Sources 

lAA production estimated with different with glucose, sucrose, fructose, and maltose as 

carbon sources with optimum pH S for GB29 and pH 7 for GB3 and GA9 at a temperature of 

SoC for GB29 and GA9 and 35°C for GB3 with agitation speed of 140rpm in shaking 
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incubator. Optimum L-tryp concentration for GA9 and OB29 was 0.7% and 0.9% for OB3 

was kept constant. Samples at different optimum times were taken as on 48hours for GB29 

and 72hours incubation for GB3 and OA9. Estimation of maximum production showed 

maltose as the optimum carbon source for all the three strains. GB29 showed maximum of 

361.7996Ilg/ml of the IAA production with 36%, 62% and 86% decline in production when 

glucose, sucrose and fructose were used as carbon sources, respectively. 133.1261Ilg/ml of 

lAA was produced by OB3 as the maximum production with a decline of 6%, 8% and 12% 

respectively for glucose, sucrose, and fructose as carbon source. The highest amount of lAA 

produced by GA9 was 1541lg/ml and 17%,22% and 27% decline was reported when glucose, 

sucrose and fructose were used as carbon source in production media. 
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Figure 4.13. optimization of Carbon sources at (0.1 %) for OB29 

M altose 

Production oflndole Acetic Acid by Bacteria Isolated from Ghulkin Glacier 42 



Chapter 4 

GB3 
160 

140 
,-... 

E 120 
en 
:= 
--- 100 
c 
Q 
; 

80 <.> 
:= 

"0 
Q 

60 '-
~ 

-<t: 40 -<t: -
20 

0 
Glucose Sucrose Fructose 

Carbon sources (0.1 %) 
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4.2 Thin Layer Chromatography 

Indole acetic acid is bacterial metabolite that can be produced by bacteria along with many 

other metabolites. Thin layer chromatography was done to separate lAA from the rest of the 

compounds in the crude extract from the strain by loading 2111 of the methanolic solution from 

standard and all the three samples i.e., (GA9, GB3 and GB29) . The plate were analyzed the 

UV visualizer to calculate the Rf for all of the above and the results calculated were 0.27 each 

for GA9, GB3 and GB29 which were almost the same as that for the standard confirming the 

presence of the IAA which were further confirmed by FTIR. 

Figure 4.16. Thin Layer Chromatography of IAA produced by bacterial strains GB3, GA9 

and GB29 compared with standard 
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4.3 Fourier Transform Infra-Red Spectroscopy 

The presence of IAA was further confirmed by conducting FTIR to show the similarity of 

bonds on the basis of absorbance and transmission of the IR spectrophotometer waves. It was 

noted that there were absorbance and transmission peaks at 331 Ocm-I confirming the presence 

of - OH and - NH bonds in standard lAA and in all the three samples. Peaks with value 

2943cm-1 and 2831 cm-I shows the C-H stretching the lAA. The spectrum with peak 1449 

cm-I confirms the C-H stretching of the methyl group present in all the samples loaded. 

Stretching of C=O can be confirmed by the spectral peaks 1022 em-I . The secondary alcoholic 

stretching C-O is confirmed with the presence of the spectrum 1117 em-I . The above

mentioned absorption and transmission spectral peaks confirmed the presence of the IAA 

which was our desired hormone to be produced by the selected strains. 
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Figure 4.17. FTIR analysis of Standard IAA 
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Figure 4. 18. FTIR analysis of lAA produced by GB29 
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4.4 Nuclear Magnetic Resonance 
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The confirmation ofthe presence ofIAA in the extracts of GB29, GB3 and GA9 was done by 

performing the proton-based nuclear magnetic resonance (H-NMR). In which the parts per 

million (ppm) obtained were ranging in different ppm regions and confirming the presence of 

different functional groups. As the chemical structure of IAA has three different functional 

groups having proton in bonding with carbon or any other element that is why we have 

compared the ppm with the reference ppm and obtained our desired results. 3.51 Oppm shows 

the presence of methylene group in which the peak was in quartet with the same topology. 

4.064-4.109ppm corresponds to the presence of the methine group bonding with the carboxyl 

group. Chemical shift in the range of 7.011-7.3 73ppm confirms the presence of aromatic ring 

with a nitrogen atom. Having an adjacent proton. 
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Figure 4.21: H-NMR analysis of lAA produced by GB29 
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Figure 4.22: H-NMR analysis ofIAA produced by GB3 
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Figure 4.23: H-NMR analysis oflAA produced by GA9 
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5.1 Discuss ion 

The co ld adapted microorgani sms are categorized as the psychrophili c mi croorgani sms. [n 

contrast to the hormones and enzymes produced by the organi sms of higher temperature areas 

it has been suggested that the hormones of these co ld adapted mi croorgani sms are more 

sustainable and are more effective in the biotechno logical, agr icultural and many other 

economic and eco logica l fi e lds (Bhatia, Ull ah et al. 202 1) .IAA is the hormone that is essential 

fo r pl ant growth as they belong to the auxin family of hormones. Still there isn 't much research 

done to produce thi s hormone by us ing co ld adapted bacteri a and fungi because of the presence 

of so much sources of the IAA ava ilable (Khan, G urmani et al. 2016). Psychrophilic bacteri a 

and yeasts have a good potentia l to produce 1AA at lab sca le and at industri al sca le w ith many 

industri a l applications (PA DRlLAH 2017) in the agriculture industry as bio-fertilizers, 

herbic ides and treatment of human and horse serum. These can a lso he lp to reduce the use of 

arti fic ial fertili zers to reduce contamination of the so il by the chemi ca l in these fe rtilizers. 

Psychrophilic 1AA is reported to be cost effecti ve, easy to produce, low affi nity of 

contamination of the so il and he lps to enable plants to grow in co ld env ironm ents because of 

the abili ty to to lerate and res ist low temperature. These mi croo rgani sms are co mmonly the 

habi tants of the g lac iers therefore in Paki stan, the researchers have great opportuni ty to co llect 

the ir sample and iso late these strain s. Some of them are Batura and Ghulkin g lac iers (Rafiq , 

Hayat et al. 2017) from w here the sample can be co llected to iso late psychrophilic and 

psychotropic bacteria and fungi. 

In thi s study the strains studi ed fo r the production of the indole acetic ac id were GB29, GA9 

and OB3 named after the sample co llected from the Ghul kin glac ier. 

5.2 Screening for l AA Production 

Screenin g of strain to select those that can produce IAA was done by fo ll owing the 

conventi ona l method of culturing on nutrient agar, making inoculum and incubation in the L

tryptophan producti on medi a to produce lAA. At the end of the co mpleti on of the incubati on 

peri od hormone assay was done by fo llowing the (G li ckmann and Dessaux 1995) method of 

adding 2ml of Salkowski' s reagent and 25 1-ll ortho-phos phoric ac id to 1 m I of the supernatant 

co llected by the centri fugation of the incubated L-tryp broth at 15°C in shaking incubator wi th 

a shaking speed of 140rpm. Another method proposed by the (Ooswami , Vaghe la et al. 201 3) 
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can also be adapted to screen the mi croo rgani sms for the producti on of the IAA in which 1ml 

of Sa lkowski 's reagent made of 1m I of 0. 5M FeC!) and 50ml of 35% HC I04 can be added to 

Iml of the supernatant and then to be incubated at room temperature in da rk fo r an hour 

because of its sensitivity to the light. The incubated supernatant turns pinkish or red in color 

showing the presence of the IAA because of its ability to change its co lo r in the presence of 

the ac ids. Optica l dens ity to be measured at a wave length of 530nm and the results to be noted. 

But in the process adapted by (G lickmann and Dessa ux 1995) optica l dens ity to be measure 

after completion of incubat ion in dark at a wavelength of 533 nm which is a lmost the same. 

The seco nd process was adapted initia lly but the results were not suffic ient enough, so we 

have changed our process of screening and adapted the early di scussed process which enabled 

us to get fi ne enough results. 

5.3 Optimization of P a rameters for M aximum lAA P roduction 

The optimization of cul ture conditi ons is extremely important fo r max imum production of 

IAA. Producti on of the lAA is dependent upon the growth rate of the bacteri a whi ch can be 

maximum when grows in optimum conditions e.g. , Incubati on time, temperature, pH etc. 

Hence var ious condi tions were prov ided to bacteri a to grow and produce maxim um amount 

of the lAA. The ma in ai m of thi s step was to a ll ow bacteria to growth at their optimum 

cond itions and to enhance the ir production ability . Co nventiona l methods were used fo r such 

optimizati on. The capability of production of organi sms depend on se lecti on of successful 

substrate and growth conditi ons (Bessai, Bensidhoum et al. 2022). In this study we have 

grown our stra in at di fferent ranges of temperature, pH, L-tyrp concentration and carbon 

sources and samples were taken on 0-120hrs w ith an interva l of 24hrs each to study the 

optimum conditions fo r our strains. We have fo und out that the best production by GB29 was 

at 5°C temperature, 5 pH, 0.7% L-tyrp and presence of maltose as carbon source incubated 

fo r 48 hrs . Max imum production by GB3 was at 35°C temperature, 7 pH, 0.9% L-tyrp and 

presence of maltose as carbon source incubated fo r 72hrs. Highest amount of JAA production 

by GA9 was at 5°C temperature, 7 pH, 0.7% L-tyrp and presence of maltose as carbon source 

incubated fo r 72hrs. S imilar study has been done fo r Pseudomonas putida by (Bharucha, Patel 

et al. 20 13) showing the optimum condit ions of 0.2% L-tryp concentrat ion, 7 .5 pH and sucrose 

as carbon source incubated fo r 96hrs. (Panigrahi , Mohanty et al. 2020) has also adapted the 
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same steps for Ocimum sanctum detecting 37 DC temperature, 7 pH and sucrose as a SOl!rce of 

carbon content incubated for 48hrs. 

5.4 Extraction of crude lAA 

Ethyl acetate washing is the most effective and commonly followed step for the extraction of 

the crude lAA from the inoculated broth with the se lected strains. This process follows the 

principle of like dissolves like because hormones are hydrophobic in nature and the solvent 

used is also a hydrophobic and vo lati le compound. In contrast the liquid part ofthe supernatant 

is hydrophilic in nature and that is why the so lvent whi le evaporating drags the extract with 

itself forming a dense layer of it between the supernatant and the so lvent. 200m lof the L-tryp 

media inoculated with microorganisms was centrifuged at 10,OOOrpm for l2minutes after the 

completion of the incubation at optimum cond ition and supernatant acidified to 2.5 pH with 

HCl was washed with ethyl acetate twice in the separating funne l. The extract co llected was 

evaporated keeping it in open beaker and was preserved at _20DC by adding 3ml of methanol 

to each sample. Evaporation of so lvent from the extract can also be done by the rotary 

evaporator at 40 De. The process is also followed by almost all the researchers and used the 

rotavapor to evaporate the so lvent. (Bharucha, Patel et af. 2013) has taken 300ml of the L

tryp media inocu late and have centrifuged it at 5000rpm for 15 minutes acidified to 2.5 pH 

with HCl and extract was preserved at 4DC in 3ml methanol for further study. (Panigrah i, 

Mohanty et af. 2020) has washed the supernatant three times with ethyl acetate and preserved 

it at _20DC in methanol. (Ta ll apragada, Dikshit et af. 2015) adapted the sim ilar method as done 

by other researchers but the drying process was different and was done in hot air oven at 50 DC 

and the preserved in 0.50ml of methanol at 20 De. 
5.5 Characterization by TLC 

Th in layer chromatography is a separating process of components in a mixture on the basis of 

retention abi lity whi le moving with the mobile phase with cap ill ary movement. The mobile 

phase used in this process was a mixture of chloroform, ethyl acetate and formic acid with the 

ratio of 77:22:1 v/v and the stationary phase use were si lica ge l pasted on aluminum plate. 

The resultant Rrvalue was 0.27 for all the samples equal to that of the standard TAA used in 

the concentration of 1.56mg/ml in methanol. The same study has been done by the (Bishnu, 

Dhurva et af. 2020) by using two different mobile phases one was a so lution of ch loroform, 
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methanol and formic acid and the second was the solution of chloroform, ethyl acetate and 

formic acid in the ratio of77:22:1 v/v respectively. The Rrcalculated was 0.42 with the plate 

height of 6cm while the plate we used was 12cm high. (Suresh, Soundararajan et al. 2019) 

used isopropanol , ammonia, and ethyl acetate as solvent in 10: 1: 1 v/v as solvent. The R f 

calculated was 0.45 with plate height of 6cm. Keeping the plate height 4.7cm (Raval and Saraf 

2020) calculate that the Rfvalue for the indole acetic acid was about 1 for all of his samples 

and standard too. By comparing with the above-mentioned studies, it can be confirmed that 

the results obtained from our technique were complete enough for the confirmation of IAA 

presence. 

5.6 Fourier Transform Infra-Red Spectroscopy 

The FTIR analysis of IAA is the best way for studying the chemical structure of its surface 

and confirmation by the presence of its bonds. The peaks seen at around 3100-3600 cm-! are 

due to O-H and N-H bond vibration (Panigrahi , Mohanty et al . 2020) . It also shows that the 

peaks at 2800-2989cm-! show the C-H stretching in the graph with symmetric CH2 at 2874 

cm-! and 2958cm-! shows asymmetric stretching of the CH2 Our results shows that there is a 

peak at 2943cm-l and a peak at 2831 cm-!. Bands with value 1 150-1284cm-! corresponds to 

the presence of the -c-o stretching according to (Panigrahi , Mohanty et al. 2020) and in 

comparison we have a band nearly the same value of 1117cm-! in our results. (Husain, Ansari 

et al. 2011)reported that between 3000 and 3500 cm-! observed peaks were due to the 

stretching of O-H and -NH groups of the hormone . Thus, the observed peak at 3310 cm-! is 

due to the -OH group present in IAA. Furthermore, the peak observed at 1634 cm-! was due 

to Amide II of the hormones while the peaks obtained at 1022cm-! were due to the stretching 

ofC-OH groups (Amente and Chimdessa 2021). Comparing all these bands obtained from the 

FTIR analysis with those in the previous study and with the bands obtained from the FTIR of 

standard lAA it is confirmed that IAA is produced by all the three (GB29, GB3 and GA9) 

strain. 

5.7 Nuclear Magnetic Resonance 

In chemistry NMR is a precise analysis to confirm the chemical formula of the compounds 

either by the vibration of protons or carbon atoms in the compound. In this study proton-based 

nuclear magnetic resonance (H-NMR) was performed, where the chemical shift ranging 
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3 .51 Oppm co rresponded to the presence of the methy lene functi o na l g ro up . 1n s imila r research 

methy lene was detected in range be tween 3.5-4ppm by (Chi tra, Se lv i el al. 201 9). (Jagannath , 

Konappa el at. 201 9) has reported the presence of the methine in the range of 4-4 . 7ppm while the 

chem ica l sh ift in OLlr sam pi es was detected in the range of 4.064-4 .1 09ppm that fe ll in exactly the 

sample region. According to (Chitra, Selvi et al. 201 9) :and (Jagannath, Konappa et al. 2019) 

aromatic rings were detected to be present in the range of shifts between 7-7 .5ppm and after 

analyz in g our own sample it was noted that there was a chem ical shift ranging between 7.011 -

7.374ppm confi rm ing the presence of the aromat ic hav ing a nitrogen w ith adjacent proton. 

Ana lyzing these facts, it was confirmed that the re was IAA in the extract w ith many other 

impuri ties. 
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Chapter 6 Conclusion 

Conclusion 

GB29 , GB3 and GA9 isolated form the Ghulkin glacier of the Gilgit Baltistan, Pakistan is 

investigated in the current study to be the competent producing psychrophiles of IAA and 

other PGPRs. Incubating GB29 for 48hrs while both GA9 and GB3 for seventy-two produce 

the highest amount of IAA. GB29 at 5 pH and GA9 at 7 pH and at 5°C, temperature while 

GB3 at 35°C with seven pH produces its highest amount of IAA at the above-mentioned 

incubation time. Keeping maltose as the carbon source in the L-tryp production media with 

concentration of 0.7% both for GA9 and GB29 and 0.9% for GB3 give rise to high production . 

Crude IAA extracted by the separating funnel in ethyl acetate solvent can be purified by thin 

layer chromatography and can be confirmed by finding its retention factor (Rr) and then 

processing through FTIR spectroscopy. The bonds comparison of IAA produced by selected 

strains and sample can be compared for confirmation and can also be compared with the 

studies done by past research. Bond wise confirmation of the IAA presence was done by 

performing H -NMR in CDC!) that has g iven us different chemical shifts that corresponds for 

different bonds in IAA and all other metabolites present in the extract. 
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F uture P ,·ospects 

F uture Prospects 

.:. Indo le Acet ic Ac id (IAA) produced by GB29, GB3 and GA9 stra ins, can flllt her be 

character ized by the ir three-dimensional structure . 

• :. Manipul ati on of the gene responsible for co ld acti ve IAA through geneti c eng ineering 

and clone in other organi sms to get horm ones w ith des ired properti es for industrial 

processes . 

• :. D iffe rent properties of IAA produced by GB29, GB3 and GA9 strains can also be 

explored fo r many other applications, like its anti -pathogeni c activ ity . 

• :. Deve lopment of low cost and nove l optimizati on strategies for max imum production 

of IAA and minimiz ing the fin al cost of the hormone by appl ying new techniques . 

• :. Deve lopment in the confi rm ati on of use of IAA as anti -cancer agent. 
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