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A. In vitro TLF killing assay (L. major) 

          lpg5A-/lpg5B-                 lpg5A-/lpg5B- /+LPG5A+LPG5B 
 

 

 

 

 

 

B. L. major (WT) macrophage   C. lpg5A-/lpg5B- macrophage 

 

 

 

 

 

 

 

D. In vivo 

challenge        E. Expression of LPG in WT and add backs 
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Figure 26: Surface mutants are resistant to TLF activity 
A. Ficoll purified metacyclics of lpg5A-/lpg5B- or lpg5A-/lpg5B/+LPG5A+LPG5B were coincubated with 
lytic human HDL (TLF) or bovine HDL. N- Neutral for 2 hrs., A- 5.6 for 2 hrs., AA- 5.6 for 1 hr. followed 
by 4.5 for 1 hr., AP- 5.6 for 1 hour followed by 7.4 for 1 hr. Parasite numbers were determined by 
counting intact parasites under microscope using hemocytometer. The data represents Mean ± SD of 
duplicate cultures of one typical experiment that has been repeated twice, ns- non-significant 
compared to bovine HDL, ANOVA test. B. & C. Ficoll purified metacyclics of L. major (WT) or lpg5A-

/lpg5B or lpg5A-/lpg5B/+LPG5A+LPG5B were used to infect macrophages in the presence of human 
HDL or bovine HDL. Parasites were counted in macrophages at 24 hours post infection. The data *** 
p<0.0001, and ns- non significant, compared to bovine HDL, ANOVA test. D. Mice transfected with 
plasmid DNA with APOLI:HPR plasmid or Saline (control) were infected with lpg5A-/lpg5B- & lpg5A-

/lpg5B/+LPG5A+LPG5B in ear and parasite load were quantified by real time PCR 15 days post 
infection. The data represents Mean ± SD of one typical experiment repeated twice, ns- non-significant 
compared to control group, t-test. n = lpg5A-/lpg5B- : Saline (8), TLF (8); lpg5A-

/lpg5B/+LPG5A+LPG5B : Saline (6), TLF (8). E. Whole cell extracts of 2.5x105 metacyclic 
proamstigotes of wild type L. major or lpg5A-/lpg5B-/ +LPG5A+LPG5B were prepared using lysis 
buffer. The extract was then serially diluted to compare the expression of LPG proteins, which was 
probed using anti-phosphoglycan antibody WIC 79.3 [150]. 
  

 HDL binding assay 
                                                                                                                                   
lpg5A-/lpg5B-/ 

                A. L. major (WT)                    B. lpg5A-/lpg5B-                        C. +LPG5A+LPG5B 
 

 

 

 

 

 

 

 

Figure 27: HDL binds to the metacyclics of both WT and mutants 
Labelled HDL was incubated with ficoll purified metacyclic of L. major (WT and lpg5A-/lpg5B-, lpg5A-

/lpg5B-/ +LPG5A+LPG5B). Fluorescence intensity was measured after washes using flow cytometer. 
Parasites not treated with labeled HDL (red) were used as background control. HDL bound parasites 
are blue. 
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DISCUSSION 

Previously we have shown that TLF ameliorates the infection of cutaneous strains of Leishmania in 

macrophages and in mice [28]. Here we found that neutrophils act synergistically with TLF in reducing 

the parasite burden by L. major in mice (Fig 18). Given that TLF is an innate immunity factor that 

requires acidic pH for membrane association, we hypothesize that TLF associates with parasite 

membrane in the slightly acidic phagosome within the neutrophil; the TLF will eventually lyse 

metacyclic promastigotes due to change in pH when they are released into extracellular milieu or due 

to maturation of the phagosome to a fully acidified parasitophorus vacuole. In support of this 

hypothesis our in vitro results show that once TLF and the parasite come in contact with each other in 

an acidic media, the infectivity of the metacyclic parasites decreases upon neutralizing the parasite 

extracellular environment (Fig 19). Our result disputes the hypothesis “neutrophils are safe harbor for 

Leishmania sp.”, which is proposed based on depletion experiments in murine model. Although 

murines are useful model animals to study many biological phenomena, they are evolutionarily 

different than humans. Infact, previous studies have found some difference in behavior between 

mouse and human neutrophils. For example, murine neutrophil phagosomes with Leishmania are 

positive for ER markers suggesting that the phagosomes are of ER origin or they somehow interacts 

with ER after infection [120]. This phenomenon is not observed in human neutrophils infected with 

Leishmania sp. [151] Therefore, it is important to study the synergism between neutrophils and TLF 

using human neutrophils. 

Likewise, TLF rapidly lyses metacyclics when the parasites are co-incubated with TLF in slightly acidic 

media (pH 5.6) for 1 hour followed by further acidification (Fig 19). There is no detectable damage to 

metacyclic parasites co-incubated with bovine HDL under the same conditions. The co-incubation of 

the metacyclic parasites with lytic HDL (TLF) in neutral pH conditions also shows no detectable 

damage. These data taken together suggest that TLF requires an acidic pH for anti-metacyclic 

parasite activity. Furthermore, once associated with parasites in the acidic environment, TLF can 

damage parasites whether they go to the parasitophorous vacuole or egress from cells (Fig 28). The 

effect of TLF was complete lysis upon gradual acidification to pH 4.5 (parasitophorous vacuole). 

However, in macrophages or in mouse infections, we see some parasites always persisting 
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suggesting that not all parasites are exposed to low pH, or they occupy a phagosome devoid of TLF, 

or they have a mechanism to resist TLF. Previous studies have suggested that the LPG of metacyclic 

promastigotes of Leishmania sp. inhibits the fusion of lysosomes to phagosomes containing parasites 

thereby delaying the formation of PV and acidification [116, 117, 119]. This inhibition of phagosomal 

acidification may be the parasites’ way of evading TLF activity because TLF resistant amastigotes 

reside in acidic PV [118].  

 

Figure 28: Proposed Model for TLF mediated lysis of cutaneous Leishmania metacyclics 
Metacyclic promastigotes are phagocytosed by phagocytic cells such as neutrophils and 
macrophages. In the phagosomes, the TLF/APOL1 becomes integrated into  parasites surface 
membrane. Upon change of pH due to release of parasites from neutrophils or due to maturation of 
phagosomes to an acidic pahgolysosome, the parasites are lysed. 
 
Like amastigotes of L. amazonensis, metacyclics of visceral L. infantum and L. donovani are resistant 

to TLF activity (Fig. 19). Although both of the strains were resistant to TLF, we discovered that L. 

donovani infection would kill the host cells within 24 hours as measured by the release of Lactate 

dehydrogenase, a cytosolic enzyme of the infected macrophages (Fig. 21 C). The resistance to TLF 

by L. infantum does not require manipulation of the host environment by the parasites. We show that 

metacyclic promastigotes of L. infantum are resistant to lysis even when the parasites are incubated 

with TLF and subjected to acid priming or increasing acidification (Fig 22) suggesting that the visceral 

parasites are inherently resistant to TLF lysis. We observed similar resistance to TLF for the 
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amastigotes of L. amazonensis (Fig. 20). Under these conditions, lytic human HDL lyses the 

metacyclics of L. amazonensis suggesting that metacylic promastigotes of cutaneous strains are 

susceptible while amastigotes are resistant to TLF activity. This suggests that transformation to the 

dividing amastiogte stage limits the TLF activity against cutaneous strains such as L. major and L. 

amazonensis. This demonstrates the importance of TLF as an innate immunity factor in Leishmania 

infection.  

Finally, we have found that parasites deficient in golgi glycosylation enzymes that can not form 

phosphoglycan structure such as LPG and PPG were resistant to TLF activity (Fig. 26). We found 

lpg5A- /lpg5B- to be TLF resistant. This TLF resistance however, could not be restored in the 

complemented line lpg5A-/ lpg5B- /+LPG5A+LPG5B. We do not understand the reason for this 

discrepancy. It is possible that the glycosylation pattern of proteins govern the TLF susceptibility that is 

not restored completely in the add-back. In fact, we have found lower expression of LPG in the lpg5A-/ 

lpg5B- /+LPG5A+LPG5B as compared to the WT L. major (Fig 26 E), which could account for the 

resistance of the parasites to TLF activity. 
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CONCLUSION 

Our results confirm that TLF is an important innate immunity factor in Leishmania infection that can 

govern the fate of infection. Our result shows that TLF has evolved as a host immune factor to kill 

parasite in intracellular environment. At the same time, the parasites have evolved to overcome the 

TLF activity and hence can eventually survive, divide and proliferate to cause disease pathogenesis. 

Therefore, there appears to be a molecular arms race between the host immunity factor TLF where 

the factor attempts to kill Leishmania sp. in immune cells such as macrophages and neutrophils. On 

the other hand the parasite evades this TLF mediated lysis by transforming into amastigotes with 

different surface structures, which are then resistant to TLF.  
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SUPPLEMENTARY MATERIALS 

 Infantum in vivo      

Plate Well Sample 

Name 

Detector Ct  Ct Mean Ct SD Comments 

Plate1 A1 liver10^5 minicircleDNA 24.668 24.706 0.053  

Plate1 A2 liver10^5 minicircleDNA 24.743 24.706 0.053  

Plate1 A3 liver10^5 beta-cat 35.849 36.147 0.422  

Plate1 A4 liver10^5 beta-cat 36.446 36.147 0.422  

Plate1 B1 liver10^4 minicircleDNA 24.557 24.468 0.125 STD Curve 

Plate1 B2 liver10^4 minicircleDNA 24.380 24.468 0.125 

Plate1 B3 liver10^4 beta-cat 34.077 35.089 1.431 

Plate1 B4 liver10^4 beta-cat 36.101 35.089 1.431 

Plate1 C1 liver10^3 minicircleDNA 27.049 27.027 0.031 

Plate1 C2 liver10^3 minicircleDNA 27.005 27.027 0.031 

Plate1 C3 liver10^3 beta-cat 35.253 35.126 0.179 

Plate1 C4 liver10^3 beta-cat 34.999 35.126 0.179 

Plate1 D1 liver10^2 minicircleDNA 30.771 30.761 0.014 

Plate1 D2 liver10^2 minicircleDNA 30.751 30.761 0.014  

Plate1 D3 liver10^2 beta-cat 34.591 34.559 0.045  

Plate1 D4 liver10^2 beta-cat 34.528 34.559 0.045  

Plate1 E1 liver10^1 minicircleDNA 33.353 33.453 0.141  

Plate1 E2 liver10^1 minicircleDNA 33.553 33.453 0.141  

Plate1 E3 liver10^1 beta-cat 34.621 34.988 0.519  

Plate1 E4 liver10^1 beta-cat 35.356 34.988 0.519  

Plate1 A5 Saline 0 minicircleDNA 34.477 34.398 0.111 whole-30mg 

liver 

suspended 

Plate1 A6 Saline 0 minicircleDNA 34.320 34.398 0.111 

Plate1 A7 Saline 0 beta-cat 35.690 35.421 0.380 
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Plate1 A8 Saline 0 beta-cat 35.152 35.421 0.380 in 2ml trizol. 

50ul of the 

homogenate 

was used to 

obtain DNA. 

10ng of the 

DNA was 

used as 

template 

Plate1 B5 Saline 1 minicircleDNA 35.047 35.047 0.844 

Plate1 B6 Saline 1 minicircleDNA 35.047 35.047 0.844 

Plate1 B7 Saline 1 beta-cat 36.345 36.345 0.791 

Plate1 B8 Saline 1 beta-cat 36.345 36.345 0.791 

Plate1 C5 TLF 0 minicircleDNA 34.007 33.634 0.527 

Plate1 C6 TLF 0 minicircleDNA 33.262 33.634 0.527 

Plate1 C7 TLF 0 beta-cat 34.880 34.810 0.099 

Plate1 C8 TLF 0 beta-cat 34.740 34.810 0.099 

Plate1 D5 TLF 1 minicircleDNA 32.249 31.978 0.383 

Plate1 D6 TLF 1  minicircleDNA 31.707 31.978 0.383 

Plate1 D7 TLF 1 beta-cat 34.609 34.869 0.367 

Plate1 D8 TLF 1 beta-cat 35.128 34.869 0.367 

Plate1 E5 TLF 2 minicircleDNA 33.793 34.393 0.849 

Plate1 E6 TLF 2 minicircleDNA 34.994 34.393 0.849 

Plate1 E7 TLF 2 beta-cat 35.238 37.196 2.770  

Plate1 E8 TLF 2 beta-cat 39.155 37.196 2.770  

Plate1 F5 TLF 3 minicircleDNA 34.032 34.261 0.324  

Plate1 F6 TLF 3 minicircleDNA 34.490 34.261 0.324  

Plate1 F7 TLF 3 beta-cat Undeter

mined 

38.800   

Plate1 F8 TLF 3 beta-cat 38.800 38.800   

        
Plate 2 A1 liver10^5 minicircleDNA 24.615 24.699 0.119 Std Curve 

Plate 2 A2 liver10^5 minicircleDNA 24.783 24.699 0.119 

Plate 2 A3 liver10^5 beta-cat 36.304 36.802 0.703 

Plate 2 A4 liver10^5 beta-cat 37.299 36.802 0.703 
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Plate 2 B1 liver10^4 minicircleDNA 24.967 24.820 0.207 

Plate 2 B2 liver10^4 minicircleDNA 24.674 24.820 0.207  

Plate 2 B3 liver10^4 beta-cat 34.097 34.276 0.253  

Plate 2 B4 liver10^4 beta-cat 34.455 34.276 0.253  

Plate 2 C1 liver10^3 minicircleDNA 27.168 27.191 0.032  

Plate 2 C2 liver10^3 minicircleDNA 27.214 27.191 0.032  

Plate 2 C3 liver10^3 beta-cat 33.590 33.973 0.541  

Plate 2 C4 liver10^3 beta-cat 34.355 33.973 0.541  

Plate 2 D1 liver10^2 minicircleDNA 31.482 31.247 0.332  

Plate 2 D2 liver10^2 minicircleDNA 31.012 31.247 0.332  

Plate 2 D3 liver10^2 beta-cat 34.215 34.011 0.288  

Plate 2 D4 liver10^2 beta-cat 33.807 34.011 0.288  

Plate 2 E1 liver10^1 minicircleDNA 34.688 34.368 0.454  

Plate 2 E2 liver10^1 minicircleDNA 34.047 34.368 0.454  

Plate 2 E3 liver10^1 beta-cat 33.400 34.202 1.134  

Plate 2 E4 liver10^1 beta-cat 35.004 34.202 1.134  

Plate 2 A5 Saline 0 minicircleDNA 34.016 33.994 0.031 Remaining 

30 mg was 

suspended 

in 1ml trizol 

and 200ul of 

that was 

used for 

DNA 

preparation. 

10ug of 

DNA was 

Plate 2 A6 Saline 0 minicircleDNA 33.972 33.994 0.031 

Plate 2 A7 Saline 0 beta-cat 34.645 34.472 0.245 

Plate 2 A8 Saline 0 beta-cat 34.298 34.472 0.245 

Plate 2 B5 Saline 1 minicircleDNA 31.433 31.331 0.144 

Plate 2 B6 Saline 1 minicircleDNA 31.229 31.331 0.144 

Plate 2 B7 Saline 1 beta-cat 34.518 34.450 0.097 

Plate 2 B8 Saline 1 beta-cat 34.381 34.450 0.097 

Plate 2 C5 Saline 2 minicircleDNA 34.582 34.896 0.444 

Plate 2 C6 Saline 2 minicircleDNA 35.210 34.896 0.444 

Plate 2 C7 Saline 2 beta-cat 35.923 35.366 0.788 
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loaded 

Plate 2 C8 Saline 2 beta-cat 34.809 35.366 0.788  

Plate 2 D5 TLF0 minicircleDNA 34.142 34.652 0.721  

Plate 2 D6 TLF0 minicircleDNA 35.163 34.652 0.721  

Plate 2 D7 TLF0 beta-cat 35.409 35.902 0.698  

Plate 2 D8 TLF0 beta-cat 36.396 35.902 0.698  

Plate 2 E5 TLF1 minicircleDNA 33.981 34.075 0.133  

Plate 2 E6 TLF1 minicircleDNA 34.168 34.075 0.133  

Plate 2 E7 TLF1 beta-cat 33.395 33.076 0.450  

Plate 2 E8 TLF1 beta-cat 32.758 33.076 0.450  

Plate 2 F5 TLF2 minicircleDNA 34.284 34.193 0.129  

Plate 2 F6 TLF2 minicircleDNA 34.102 34.193 0.129  

Plate 2 F7 TLF2 beta-cat 33.417 33.559 0.201  

Plate 2 F8 TLF2 beta-cat 33.701 33.559 0.201  

Plate 2 G5 TLF3 minicircleDNA 32.515 33.121 0.857  

Plate 2 G6 TLF3 minicircleDNA 33.727 33.121 0.857  

Plate 2 G7 TLF3 beta-cat 34.302 34.920 0.874  

Plate 2 G8 TLF3 beta-cat 35.538 34.920 0.874  

        
        
 Neutrophil 

depletion 

     

Plate1 A1 EAR10^5 minicircleDNA 22.330  0.162  

Plate1 A2 EAR10^5 minicircleDNA 22.558  0.162  

Plate1 A3 EAR10^5 beta-cat 29.323  0.089  

Plate1 A4 EAR10^5 beta-cat 29.449  0.089  

Plate1 B1 EAR10^4 minicircleDNA 24.623  0.311 STD Curve 

Plate1 B2 EAR10^4 minicircleDNA 24.184  0.311 
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Plate1 B3 EAR10^4 beta-cat 28.795  0.020 

Plate1 B4 EAR10^4 beta-cat 28.823  0.020 

Plate1 C1 EAR10^3 minicircleDNA 28.043  0.037 

Plate1 C2 EAR10^3 minicircleDNA 27.990  0.037 

Plate1 C3 EAR10^3 beta-cat 28.784  0.102 

Plate1 C4 EAR10^3 beta-cat 28.928  0.102 

Plate1 D1 EAR10^2 minicircleDNA 31.881  0.113  

Plate1 D2 EAR10^2 minicircleDNA 31.721  0.113  

Plate1 D3 EAR10^2 beta-cat 29.662  0.101  

Plate1 D4 EAR10^2 beta-cat 29.519  0.101  

Plate1 E1 EAR10^1 minicircleDNA 34.609  0.752  

Plate1 E2 EAR10^1 minicircleDNA 33.546  0.752  

Plate1 E3 EAR10^1 beta-cat 29.748  0.388  

Plate1 E4 EAR10^1 beta-cat 30.296  0.388  

Plate1 F1 EAR ONLY minicircleDNA 35.119  0.388  

Plate1 F2 EAR ONLY minicircleDNA 34.571  0.388  

Plate1 F3 EAR ONLY beta-cat 28.938  0.161  

Plate1 F4 EAR ONLY beta-cat 29.166  0.161  

        
Plate2 F1 Saline/Isot

ype 

minicircleDNA 33.215 33.042 0.245  

Plate2 F2 Saline/Isot

ype 

minicircleDNA 32.869 33.042 0.245  

Plate2 F3 Saline/Isot

ype 

beta-cat 38.753 38.753   

Plate2 F4 Saline/Isot

ype 

beta-cat Undeter

mined 

38.753   
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Plate2 F5 Saline/Isot

ype 

minicircleDNA 31.998 32.113 0.164 Ear 

resuspende

d in 1 ml 

trizol. 200ul 

used to 

obtain DNA. 

10ng per 

sample 

ussed as 

template 

Plate2 F6 Saline/Isot

ype 

minicircleDNA 32.229 32.113 0.164 

Plate2 F7 Saline/Isot

ype 

beta-cat Undeter

mined 

38.272  

Plate2 F8 Saline/Isot

ype 

beta-cat 38.272 38.272  

Plate2 G1 Saline/Isot

ype 

minicircleDNA 31.685 31.611 0.104 

Plate2 G2 Saline/Isot

ype 

minicircleDNA 31.538 31.611 0.104 

Plate2 G3 Saline/Isot

ype 

beta-cat 37.049 37.539 0.692 

Plate2 G4 Saline/Isot

ype 

beta-cat 38.028 37.539 0.692 

Plate2 G5 Saline/Isot

ype 

minicircleDNA 31.713 31.805 0.130 

Plate2 G6 Saline/Isot

ype 

minicircleDNA 31.898 31.805 0.130  

Plate2 G7 Saline/Isot

ype 

beta-cat Undeter

mined 

38.718   

Plate2 G8 Saline/Isot

ype 

beta-cat 38.718 38.718   

Plate2 A1 TLF/Isotyp

e 

minicircleDNA 32.993 33.268 0.389  

Plate2 A2 TLF/Isotyp minicircleDNA 33.543 33.268 0.389  
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e 

Plate2 A3 TLF/Isotyp

e 

beta-cat 37.353 37.883 0.750  

Plate2 A4 TLF/Isotyp

e 

beta-cat 38.414 37.883 0.750  

Plate2 A5 TLF/Isotyp

e 

minicircleDNA 35.312 35.498 0.263  

Plate2 A6 TLF/Isotyp

e 

minicircleDNA 35.684 35.498 0.263  

Plate2 A7 TLF/Isotyp

e 

beta-cat 36.463 36.463   

Plate2 A8 TLF/Isotyp

e 

beta-cat Undeter

mined 

36.463   

Plate2 B1 TLF/Isotyp

e 

minicircleDNA 32.426 32.406 0.027  

Plate2 B2 TLF/Isotyp

e 

minicircleDNA 32.387 32.406 0.027  

Plate2 B3 TLF/Isotyp

e 

beta-cat 33.236 33.325 0.126  

Plate2 B4 TLF/Isotyp

e 

beta-cat 33.414 33.325 0.126  

Plate2 B5 TLF/Isotyp

e 

minicircleDNA 34.166 33.965 0.283  

Plate2 B6 TLF/Isotyp

e 

minicircleDNA 33.765 33.965 0.283  

Plate2 B7 TLF/Isotyp

e 

beta-cat 36.896 36.781 0.162  
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Plate2 B8 TLF/Isotyp

e 

beta-cat 36.667 36.781 0.162  

Plate2 C1 TLF/1A8 minicircleDNA 32.103 31.944 0.225  

Plate2 C2 TLF/1A8 minicircleDNA 31.785 31.944 0.225  

Plate2 C3 TLF/1A8 beta-cat 39.228 38.464 1.080  

Plate2 C4 TLF/1A8 beta-cat 37.700 38.464 1.080  

Plate2 C5 TLF/1A8 minicircleDNA 33.140 33.348 0.295  

Plate2 C6 TLF/1A8 minicircleDNA 33.557 33.348 0.295  

Plate2 C7 TLF/1A8 beta-cat 39.228 38.464 1.080  

Plate2 C8 TLF/1A8 beta-cat 37.700 38.464 1.080  

Plate2 H1 TLF/1A8 minicircleDNA 32.726 32.742 0.023  

Plate2 H2 TLF/1A8 minicircleDNA 32.758 32.742 0.023  

Plate2 H3 TLF/1A8 beta-cat Undeter

mined 

38.401   

Plate2 H4 TLF/1A8 beta-cat 38.401 38.401   

Plate2 H5 TLF/1A8 minicircleDNA 33.100 32.793 0.435  

Plate2 H6 TLF/1A8 minicircleDNA 32.486 32.793 0.435  

Plate2 H7 TLF/1A8 beta-cat 39.216 38.458 1.072  

Plate2 H8 TLF/1A8 beta-cat 37.700 38.458 1.072  

Plate2 E1 Saline/1A8 minicircleDNA 32.532 32.617 0.121  

Plate2 E2 Saline/1A8 minicircleDNA 32.703 32.617 0.121  

Plate2 E3 Saline/1A8 beta-cat 37.181 37.750 0.804  

Plate2 E4 Saline/1A8 beta-cat 38.318 37.750 0.804  

Plate2 E5 Saline/1A8 minicircleDNA 33.699 34.127 0.606  

Plate2 E6 Saline/1A8 minicircleDNA 34.556 34.127 0.606  

Plate2 E7 Saline/1A8 beta-cat 37.750 37.750   

Plate2 E8 Saline/1A8 beta-cat Undeter 37.750   
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mined 

Plate2 D1 Saline/1A8 minicircleDNA 29.810 29.958 0.210  

Plate2 D2 Saline/1A8 minicircleDNA 30.106 29.958 0.210  

Plate2 D3 Saline/1A8 beta-cat 33.781 34.514 1.037  

Plate2 D4 Saline/1A8 beta-cat 35.248 34.514 1.037  

Plate2 D5 Saline/1A8 minicircleDNA 34.892 34.702 0.268  

Plate2 D6 Saline/1A8 minicircleDNA 34.513 34.702 0.268  

Plate2 D7 Saline/1A8 beta-cat Undeter

mined 

39.864   

Plate2 D8 Saline/1A8 beta-cat 39.864 39.864   

        
LPG5 

experiment 

      

 A1 EAR10^6 minicircleDNA 22.109 22.148 0.056  

 A2 EAR10^6 minicircleDNA 22.188 22.148 0.056  

 A3 EAR10^6 beta-cat 30.049 30.094 0.064  

 A4 EAR10^6 beta-cat 30.139 30.094 0.064  

 B1 EAR10^5 minicircleDNA 25.318 25.295 0.033  

 B2 EAR10^5 minicircleDNA 25.272 25.295 0.033  

 B3 EAR10^5 beta-cat 31.331 31.217 0.161 STD curve, 

the 

ear+10e3 

was omitted 

from the 

analysis 

 B4 EAR10^5 beta-cat 31.103 31.217 0.161 

 C1 EAR10^4 minicircleDNA 29.166 29.380 0.302 

 C2 EAR10^4 minicircleDNA 29.593 29.380 0.302 

 C3 EAR10^4 beta-cat 31.787 31.953 0.235 

 C4 EAR10^4 beta-cat 32.120 31.953 0.235 

 D1 EAR10^3 minicircleDNA 29.315 29.324 0.013  

 D2 EAR10^3 minicircleDNA 29.333 29.324 0.013  
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 D3 EAR10^3 beta-cat 31.915 31.633 0.398  

 D4 EAR10^3 beta-cat 31.351 31.633 0.398  

 E1 EAR10^2 minicircleDNA 30.403 30.540 0.195  

 E2 EAR10^2 minicircleDNA 30.678 30.540 0.195  

 E3 EAR10^2 beta-cat 31.995 32.062 0.095  

 E4 EAR10^2 beta-cat 32.129 32.062 0.095  

lpg5A-/lpg5b-       

Plate1 A9 TLF1 minicircleDNA 30.886 30.909 0.032  

Plate1 A10 TLF1 minicircleDNA 30.931 30.909 0.032  

Plate1 A11 TLF1 beta-cat 34.655 35.056 0.567  

Plate1 A12 TLF1 beta-cat 35.456 35.056 0.567  

Plate1 B9 TLF2 minicircleDNA 30.550 30.615 0.092  

Plate1 B10 TLF2 minicircleDNA 30.680 30.615 0.092  

Plate1 B11 TLF2 beta-cat 33.782 33.808 0.036  

Plate1 B12 TLF2 beta-cat 33.834 33.808 0.036  

Plate1 C9 TLF3 minicircleDNA 30.095 29.979 0.165  

Plate1 C10 TLF3 minicircleDNA 29.862 29.979 0.165  

Plate1 C11 TLF3 beta-cat 35.196 35.194 0.004  

Plate1 C12 TLF3 beta-cat 35.191 35.194 0.004  

Plate1 D9 TLF4 minicircleDNA 30.528 30.591 0.089  

Plate1 D10 TLF4 minicircleDNA 30.654 30.591 0.089  

Plate1 D11 TLF4 beta-cat 35.533 35.335 0.281  

Plate1 D12 TLF4 beta-cat 35.136 35.335 0.281  

Plate1 E9 TLF5 minicircleDNA 31.251 31.074 0.250  

Plate1 E10 TLF5 minicircleDNA 30.897 31.074 0.250  

Plate1 E11 TLF5 beta-cat 35.258 35.325 0.095  

Plate1 E12 TLF5 beta-cat 35.392 35.325 0.095  
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Plate1 F9 TLF6 minicircleDNA 30.828 30.879 0.073  

Plate1 F10 TLF6 minicircleDNA 30.930 30.879 0.073  

Plate1 F11 TLF6 beta-cat 31.800 32.240 0.622  

Plate1 F12 TLF6 beta-cat 32.679 32.240 0.622  

Plate1 G5 TLF7 minicircleDNA 32.092 31.954 0.195  

Plate1 G6 TLF7 minicircleDNA 31.817 31.954 0.195  

Plate1 G7 TLF7 beta-cat 33.473 33.879 0.574  

Plate1 G8 TLF7 beta-cat 34.285 33.879 0.574  

Plate1 H5 TLF8 minicircleDNA 32.114 31.969 0.205  

Plate1 H6 TLF8 minicircleDNA 31.825 31.969 0.205  

Plate1 H7 TLF8 beta-cat 33.088 33.435 0.490  

Plate1 H8 TLF8 beta-cat 33.781 33.435 0.490  

Plate2 C5 Saline1 minicircleDNA 31.597 31.465 0.187  

Plate2 C6 Saline1 minicircleDNA 31.333 31.465 0.187  

Plate2 C7 Saline1 beta-cat 33.874 34.142 0.380  

Plate2 C8 Saline1 beta-cat 34.411 34.142 0.380  

Plate2 D5 Saline 2 minicircleDNA 30.751 30.909 0.223  

Plate2 D6 Saline 2 minicircleDNA 31.066 30.909 0.223  

Plate2 D7 Saline 2 beta-cat 32.472 32.432 0.057  

Plate2 D8 Saline 2 beta-cat 32.392 32.432 0.057  

Plate2 E5 Saline 3 minicircleDNA 31.992 32.197 0.290  

Plate2 E6 Saline 3 minicircleDNA 32.403 32.197 0.290  

Plate2 E7 Saline 3 beta-cat 34.915 35.642 1.027  

Plate2 E8 Saline 3 beta-cat 36.368 35.642 1.027  

Plate2 F5 Saline 4 minicircleDNA 31.745 31.627 0.167  

Plate2 F6 Saline 4 minicircleDNA 31.508 31.627 0.167  

Plate2 F7 Saline 4 beta-cat 32.808 32.976 0.237  
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Plate2 F8 Saline 4 beta-cat 33.144 32.976 0.237  

Plate2 G5 Saline5 minicircleDNA 31.093 31.204 0.157  

Plate2 G6 Saline5 minicircleDNA 31.315 31.204 0.157  

Plate2 G7 Saline5 beta-cat 33.371 34.099 1.029  

Plate2 G8 Saline5 beta-cat 34.827 34.099 1.029  

Plate2 H5 Saline 6 minicircleDNA 30.400 30.404 0.005  

Plate2 H6 Saline 6 minicircleDNA 30.407 30.404 0.005  

Plate2 H7 Saline 6 beta-cat 31.949 32.098 0.212  

Plate2 H8 Saline 6 beta-cat 32.248 32.098 0.212  

        
lpg5-A-/lpg5B-

/+LPG5A+LPG5B 

     

Plate 1 A5 TLF1 minicircleDNA 31.687 31.701 0.019  

Plate 1 A6 TLF1 minicircleDNA 31.715 31.701 0.019  

Plate 1 A7 TLF1 beta-cat 34.300 34.031 0.380  

Plate 1 A8 TLF1 beta-cat 33.762 34.031 0.380  

Plate 1 B5 TLF2 minicircleDNA 30.775 30.807 0.046  

Plate 1 B6 TLF2 minicircleDNA 30.840 30.807 0.046  

Plate 1 B7 TLF2 beta-cat 31.488 31.810 0.455  

Plate 1 B8 TLF2 beta-cat 32.132 31.810 0.455  

Plate 1 C5 TLF3 minicircleDNA 31.150 31.183 0.046  

Plate 1 C6 TLF3 minicircleDNA 31.215 31.183 0.046  

Plate 1 C7 TLF3 beta-cat 33.257 33.286 0.041  

Plate 1 C8 TLF3 beta-cat 33.315 33.286 0.041  

Plate 1 D5 TLF4 minicircleDNA 30.915 30.956 0.057  

Plate 1 D6 TLF4 minicircleDNA 30.996 30.956 0.057  

Plate 1 D7 TLF4 beta-cat 32.217 31.966 0.354  



 

! 85!

Plate 1 D8 TLF4 beta-cat 31.716 31.966 0.354  

Plate 1 E5 TLF5 minicircleDNA 30.939 31.127 0.267  

Plate 1 E6 TLF5 minicircleDNA 31.316 31.127 0.267  

Plate 1 E7 TLF5 beta-cat 33.343 33.314 0.041  

Plate 1 E8 TLF5 beta-cat 33.286 33.314 0.041  

Plate 1 F5 TLF6 minicircleDNA 32.151 32.059 0.130  

Plate 1 F6 TLF6 minicircleDNA 31.967 32.059 0.130  

Plate 1 F7 TLF6 beta-cat 34.870 34.821 0.069  

Plate 1 F8 TLF6 beta-cat 34.772 34.821 0.069  

Plate 1 G5 TLF7 minicircleDNA 32.092 31.954 0.195  

Plate 1 G6 TLF7 minicircleDNA 31.817 31.954 0.195  

Plate 1 G7 TLF7 beta-cat 33.473 33.879 0.574  

Plate 1 G8 TLF7 beta-cat 34.285 33.879 0.574  

Plate 1 H5 TLF8 minicircleDNA 32.114 31.969 0.205  

Plate 1 H6 TLF8 minicircleDNA 31.825 31.969 0.205  

Plate 1 H7 TLF8 beta-cat 33.088 33.435 0.490  

Plate 1 H8 TLF8 beta-cat 33.781 33.435 0.490  

Plate 2 C9 Saline1 minicircleDNA 31.688 32.135 0.632  

Plate 2 C10 Saline1 minicircleDNA 32.582 32.135 0.632  

Plate 2 C11 Saline1 beta-cat 34.300 33.736 0.798  

Plate 2 C12 Saline1 beta-cat 33.172 33.736 0.798  

Plate 2 D9 Saline 2 minicircleDNA 31.407 31.521 0.161  

Plate 2 D10 Saline 2 minicircleDNA 31.635 31.521 0.161  

Plate 2 D11 Saline 2 beta-cat 31.157 31.407 0.354  

Plate 2 D12 Saline 2 beta-cat 31.658 31.407 0.354  

Plate 2 E9 Saline3 minicircleDNA 31.816 32.050 0.331  

Plate 2 E10 Saline3 minicircleDNA 32.283 32.050 0.331  
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Plate 2 E11 Saline3 beta-cat 32.319 32.682 0.513  

Plate 2 E12 Saline3 beta-cat 33.045 32.682 0.513  

Plate 2 F9 Saline4 minicircleDNA 31.773 31.678 0.134  

Plate 2 F10 Saline4 minicircleDNA 31.584 31.678 0.134  

Plate 2 F11 Saline4 beta-cat 32.248 32.093 0.219  

Plate 2 F12 Saline4 beta-cat 31.938 32.093 0.219  

Plate 2 G9 Saline5 minicircleDNA 32.588 32.421 0.236  

Plate 2 G10 Saline5 minicircleDNA 32.254 32.421 0.236  

Plate 2 G11 Saline5 beta-cat 32.554 32.281 0.386  

Plate 2 G12 Saline5 beta-cat 32.008 32.281 0.386  

Plate 2 H9 Saline6 minicircleDNA 32.748 32.549 0.282  

Plate 2 H10 Saline6 minicircleDNA 32.349 32.549 0.282  

Plate 2 H11 Saline6 beta-cat 34.317 34.817 0.708  

Plate 2 H12 Saline6 beta-cat 35.318 34.817 0.708  

Plate 2 A5 Saline7 minicircleDNA 27.372 27.357 0.021  

Plate 2 A6 Saline7 minicircleDNA 27.343 27.357 0.021  

Plate 2 A7 Saline7 beta-cat 33.231 33.821 0.835  

Plate 2 A8 Saline7 beta-cat 34.412 33.821 0.835  

Plate 2 B5 Saline 8 minicircleDNA 26.598 26.617 0.026  

Plate 2 B6 Saline 8 minicircleDNA 26.636 26.617 0.026  

Plate 2 B7 Saline 8 beta-cat 33.172 33.265 0.132  

Plate 2 B8 Saline 8 beta-cat 33.359 33.265 0.132  
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