1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Mol Cell. Author manuscript; available in PMC 2017 August 23.

-, HHS Public Access
«

Published in final edited form as:
Mol Cell. 2015 May 07; 58(3): 534-540. doi:10.1016/j.molcel.2015.03.010.

Crystal Structures of the E. coli Transcription Initiation
Complexes with a Complete Bubble

Yuhong Zuo?! and Thomas A. Steitz1:2:3"
1Department of Molecular Biophysics and Biochemistry, Yale University, New Haven, CT 06520,
USA

2Howard Hughes Medical Institute, New Haven, CT 06510, USA
SDepartment of Chemistry, Yale University, New Haven, CT 06520, USA

SUMMARY

During transcription initiation, RNA polymerase binds to promoter DNA to form an initiation
complex containing a DNA bubble and enters into abortive cycles of RNA synthesis before
escaping the promoter to transit into the elongation phase for processive RNA synthesis. Here we
present the crystal structures of £. colitranscription initiation complexes containing a complete
transcription bubble and de novo synthesized RNA oligonucleotides at about 6 A resolution. The
structures show how RNA polymerase recognizes DNA promoters that contain spacers of different
lengths and reveal a bridging interaction between the 5’-triphosphate of the nascent RNA and the
o factor that may function to stabilize the short RNA-DNA hybrids during the early stage of
transcription initiation. The conformation of the RNA oligonucleotides and the paths of the DNA
strands in the complete initiation complexes provide insights into the mechanism that controls both
the abortive and productive RNA synthesis.

INTRODUCTION

Transcription initiation is a dynamic process that begins with the sequence-specific binding
of the RNA polymerase (RNAP) to a DNA promoter to form a closed complex (RPc),
followed by sequential conformational changes in both the DNA and the enzyme to form an
open complex (RPo) that is capable of de novo RNA synthesis (Saecker et al., 2011). The
DNA strands near the transcription start site remain basepaired in the RPc, but are separated
in the RPo and form a transcription bubble. As the nascent RNA extends during transcription
initiation, the initiation complex forms a stressed intermediate containing a short RNA-DNA
duplex (Straney and Crothers, 1987). Ejection of the short RNA (abortive initiation) or
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release of the o factor (promoter escape) relieves the strain energy. Many of the initiation
RNA transcripts are aborted with the release of short RNA oligonucleotides, and only when
the RNA is extended to about 10 nucleotides (nt) or longer will the transcription initiation
survive and progress into the elongation phase for processive RNA synthesis (Goldman et
al., 2009; Hansen and McClure, 1979).

During transcription initiation, RNA polymerase remains associated with the upstream
promoter DNA while moving downstream for RNA synthesis, causing “DNA scrunching” as
the downstream DNA is unwound and pulled into the RNA polymerase (Kapanidis et al.,
2006; Revyakin et al., 2006). DNA scrunching is expected to build stress within the enzyme
and was suggested to be the driving force for both abortive initiation and promoter escape
for productive RNA synthesis (Kapanidis et al., 2006; Revyakin et al., 2006). While the
details of DNA scrunching remain obscure, it is known that the o3 » loop of a o factor lies on
the pathway of the nascent RNA. The growing RNA is expected to press on the o35 loop
and this clashing of RNA with the o factor was also suggested to play an important role in
destabilizing the hybrid for abortive initial RNA synthesis (Murakami et al., 2002b; Samanta
and Martin, 2013).

The dynamic feature of transcription initiation makes it challenging for structural studies of
the initiation complex as a whole. Previous structural studies of transcription initiation
frequently involve DNA fragments that form a partial transcription bubble (Basu et al., 2014;
Liu et al., 2011; Murakami et al., 2002a; Sainsbury et al., 2013; Zhang et al., 2014; Zhang et
al., 2012), and there are no structural data on transcription complexes containing a complete
transcription bubble that is in the process of de novo RNA synthesis. While significant
progress has been made in our understanding of transcription initiation based on these
studies, the structure of an initiation complex with both the upstream and downstream DNA
duplexes and an intact transcription bubble remains essential for understanding both the
abortive feature of transcription initiation and the promoter escape for transition into
transcription elongation.

We have determined the crystal structures of the £. co/iRNA polymerase holoenzyme in
complex with DNA promoters containing the consensus -35 and -10 elements, a complete
transcription bubble, and de novo synthesized RNA oligonucleotides (Figure 1). The
structures of the transcription initiation complexes (TICs) show the specific interactions
between a complete transcription bubble and the RNA polymerase, reveal the
conformational changes of the RNA polymerase that allow it to accommodate variations in
the spacer length of the promoter DNA and an interaction of the 5’-triphosphate of the
nascent RNA with the a3 » loop, as well as provide insights into the mechanism of abortive
RNA synthesis and promoter escape during transcription initiation.

RESULTS AND DISCUSSION

Overall Structure of the E. coli transcription initiation complexes

To form TICs of the £. col/iRNA polymerase, we used synthetic DNA scaffolds
corresponding to the promoter region between positions -37 and +13 relative to the
transcription start site (Figure S1). Nascent RNA oligonucleotides were synthesized de novo
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by incubating the synthetic DNA promoters with the £. co/i RNAP holoenzyme in the
presence of selected nucleotide triphosphates (NTPs). The E. colitranscription initiation
complexes crystallize in the monoclinic P24 space group. There are three copies of the
complexes per asymmetric unit in the TIC crystals. The structures were solved by molecular
replacement using the structure of the £. co/i RNAP holoenzyme (Zuo et al., 2013) as a
starting model. The final models were refined to 5.5 A resolution (Table 1).

The structures provide a complete picture of the transcription initiation complex, including
the upstream DNA interacting sequence-specifically with the RNA polymerase, the
downstream duplex DNA, an intact transcription bubble, and a nascent RNA oligonucleotide
(Figure 1). The downstream dsDNA of each complex packs head-to-tail against the upstream
dsDNA of a symmetry-related molecule to form an extended DNA duplex in the TIC
crystals.

Compared to the £. co/i RNAP apo holoenzyme structure that displays a relatively closed
conformation, the £. coli TICs appear to have both pincers of its cleft moved further toward
each other to adopt a tightly closed conformation resembling the one observed for a bacterial
elongation complex (Vassylyev et al., 2007). It has been shown that the acidic N-terminal
domain of 6’0 (o4 1) in an apo holoenzyme is inserted into the downstream channel and
makes contacts with both sides of the RNAP cleft (Figure S2A) (Bae et al., 2013). o7 1
prevents o0 from interacting with promoter DNA in the absence of the RNAP core and
functions in o’ auto-regulation (Camarero et al., 2002). In the initiation complexes, the
downstream channel is occupied by the downstream DNA duplex (Figure S2B). Although
o1.1 could not be built in the TIC structures, the linker helix that connects o4 1 to the
conserved oy » region folds back and becomes ordered, suggesting that o1 1 is relocated to
the outside of the downstream channel, consistent with a previous study (Mekler et al.,
2002). The positively charged end of the “jaw” domain interacts with the DNA backbone of
the NT-strand some 15 nt downstream of the active center (Figure S2C).

Promoter Recognition

Bacterial RNA polymerase recognizes the promoter DNA through sequence-specific
interactions of the o factor with the conserved -10 and -35 DNA elements (Campagne et al.,
2014; Campbell et al., 2002; Feklistov and Darst, 2011; Feklistov et al., 2014). In the E. coli
TICs, the bases of the -11A and -7T residues of the -10 NT-strand are clearly flipped out,
and the o, domain interacts with the -10 NT-strand in essentially the same manner as that
observed with shorter DNA fragments (Feklistov and Darst, 2011; Zhang et al., 2012),
whereas the -10 T-strand wraps around the o3 globular domain and passes through a cleft
between o, and a3 (Figure 2A and Figure S3A). It is not clear whether there are any
sequence-specific interactions between the -10 T-strand and the o factor at the current
resolution of our map. The TIC structures also confirm that DNA promoters remain
basepaired at position -12 upon open complex formation (Guo and Gralla, 1998).

A subclass of o70 promoters contain an “extended -10” motif, a sequence motif of 5’-
(TR)TGn-3’ immediately upstream of the -10 element (Hook-Barnard and Hinton, 2007;
Keilty and Rosenberg, 1987). To investigate the potential sequence-specific recognition of
the “extended -10” motif by the RNA polymerase, we used synthetic promoters containing a
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5’-TATGc-3’ sequence immediately upstream of the -10 hexamer. Although details of the
interactions could not be established at the current resolution, two perpendicular helices
spanning the o and o3 domains of o9 insert into the major groove of the promoter
extended -10 region and cause significant bending of the promoter DNA toward the a3
domain (Figure 2A and Figure S3B). Several conserved residues of the o3 domain are likely
to make sequence-specific interactions with the extended -10 residues.

The highly conserved C-terminal domain of o’0 (o,) recognizes the -35 element of the DNA
promoter. It was shown previously that the -35 element interacts with the o4 domain
primarily through the insertion of a helix-turn-helix (HTH) into the DNA major groove
(Campbell et al., 2002; Murakami et al., 2002a). This insertion of a HTH into the major
groove of the promoter -35 region also happens in the £. coli TICs (Figure 2A and Figure
S3C). The extensive contacts between o, and the promoter DNA lead to a significant
bending of the promoter DNA axis by about 30°.

For o0 promoters, the spacer that separates the conserved -35 and -10 hexamers is generally
not conserved in sequence, but instead is rather constant in length, with a consensus of 17+2
basepairs (bp) (Harley and Reynolds, 1987; Shimada et al., 2014). The allowance of the
spacer length variation results from the flexibility of the o4 domain that is anchored on the
flexible tip helix of the B flap. As shown in Figure 2B, a change of the spacer length from 17
bp to 16 bp causes a rotation of the o4 domain by about 5°. This rotation translates into a
shift of about 4 A, equivalent to a 1-bp step, at the turn of the HTH that interacts with the
-35 element. It is conceivable that the spacer length variation is limited by the amount that
the o4 domain is able to rotate.

o3 loop and de novo synthesized RNA

Association of a o factor with the RNAP core enzyme involves inserting the o3 » loop deep
into the RNAP active-site chamber. Immediately after the structure of the RNAP
holoenzyme was determined, it was suggested that the o3 2 loop would play a role in
abortive transcription initiation (Murakami et al., 2002b). o3 » does not interact with the
initiating nucleotides directly but was found to stimulate the binding of initiating NTPs; this
led to a suggestion that o3 » helps constrain the template strand DNA in the A-form
conformation to facilitate transcription initiation(Hansen and McClure, 1979, 1980;
Kulbachinskiy and Mustaev, 2006; Zenkin and Severinov, 2004). In the £. coli TIC
structures, the o3 » loop appears to shift slightly toward the template strand DNA and its tip
interacts with the bases of the T-strand residues that lie 4-5 nt upstream of the catalytic
center, consistent with a role for o3 5 in positioning the template DNA for the initial RNA
synthesis.

For both DNA promoters used in this study, the TICs initially crystallized contain a 14-nt
bubble and an RNA tetranucleotide synthesized de novo from three NTPs (Figure S1). The
RNA tetranucleotides in both TICs were found to lie at the pretranslocation position (Figure
3A). The TIC crystals are active in RNA synthesis. Soaking of the crystals with the fourth
NTP extends the RNA to 5 nt and expands the bubble to 15 nt as well. All the RNA
oligonucleotides in the TICs contain a well-ordered 5’-triphosphate resulted from de novo
RNA synthesis (Figure 3A).
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The observation that in the TIC crystals all the nascent RNA oligonucleotides lie at the pre-
translocation position, which is in contrast to the post-translocation position frequently
observed in transcription complexes that contain an incomplete transcription bubble (Liu et
al., 2015; Sainsbury et al., 2013; Vassylyev et al., 2007; Zhang et al., 2012), suggests that
there is stress buildup in the initiation complexes with a complete transcription bubble of 14
or 15 nt. While a pretranslocated RNA tetranucleotide is not long enough to reach the o3
loop, interestingly, when a pretranslocated RNA pentanucleotide reaches the o3 » loop, the
5’-triphosphate of the RNA appears to interact with the acidic o3 » loop favorably as shown
by the well-defined electron density bridging the 5’-triphosphate and the o3 » loop (Figure
3A). This suggests that the stress buildup in the TICs could not be the result of repulsion of
the RNA 5’- triphosphate by the acidic o3> loop. We speculate that one function of the o3,
loop is to stabilize the short nascent hybrids through this bridging interaction during the
early stage of transcription initiation.

DNA scrunching during transcription initiation

As the nascent RNA extends to about 9 to 10 nt for promoter escape during transcription
initiation, the transcription bubble expands from an initial size of about 13 nt to over 20 nt.
Since oy makes sequence-specific interactions with the -10 element, it is expected that the
upstream portion of the initiation bubble undergoes minimal changes whereas the rest of the
bubble DNA scrunches during this initiation process.

The TIC structures shown here contain complete transcription bubbles of 14 or 15 nt
respectively (Figure S1). The bubble region of the NT-strand DNA in the TICs can be
divided into two parts: a well-defined upstream segment (NTS1) comprised of the single-
stranded -10 residues and the first discriminator residue (position -6) that interact
specifically with the RNAP, and a downstream segment (NTS2) comprised of the rest of the
discriminator and the newly unwound initially-transcribed region that scrunches into the
enzyme (Figure 3B). Although individual bases could not be resolved at this resolution, it is
plausible to assume that all the discriminator and downstream residues in the TICs shown
here remain inside of an internal space between the g’ clamp, B1 and p2 domains of the
RNAP, since continuous electron density is observed for the entire sSSDNA region of the NT-
strand for both the 14-nt and 15-nt bubbles. For large initiation bubbles, the protein internal
space will not be spacious enough to enclose all the NT-strand nucleotides. It is currently not
known how the extra NT-strand residues are accommodated; significant scrunching of the
NT-strand DNA could promote the DNA to loop out at the joint of the upstream and
downstream segments to release the stress buildup by the NT-strand DNA scrunching.

For the T-strand DNA, the bubble region might be divided into three segments: an upstream
segment of the -10 residues (TS1), a downstream segment that forms the hybrid with the
nascent RNA (TS3), and the middle segment of sSDNA residues that resides inside the active
site chamber (TS2) (Figure 3B). The TS3-RNA hybrid is well ordered and superimposes
well on the DNA-RNA hybrid in a transcription elongation complex (Vassylyev et al., 2007),
but there appears to be a change in the pathway for the single-stranded TS2 from that of the
A-form hybrid (Figure S4). The TS1 of -10 T-strand residues that wraps around the o3
globular domain joins TS2 inside a space enclosed by the p1, g flap and o3 domains. Much
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weaker electron densities suggest that the TS1-TS2 joint region is conformationally flexible.
The T-strand DNA of a 15-nt bubble appears to start looping out at the TS1-TS2 joint region
toward the internal space enclosed by the p1, B flap and o3 domains. If this DNA looping-
out at the TS1-TS2 joint is the mechanism for T-strand DNA scrunching, it is conceivable
that scrunched DNA residues would press on the a3 globular domain.

Consistent with the speculation that scrunching of the T-strand DNA presses on o3,
mutations of o /0 residues lying immediately C-terminal to the o3 globular domain that
interact with the RNAP core to help anchor the domain were known to affect abortive RNA
synthesis in a promoter-dependent manner and facilitate promoter escape (Cashel et al.,
2003). We have not been able to obtain TIC crystals containing bubbles larger than 15 nt in
size no matter the size of the RNA oligonucleotides. We suspect that additional T-strand
DNA scrunching of an initiation bubble of 16 nt or larger would require a movement of the
o3 globular domain to expand the inter-domain space. This forced movement would
eventually cause o3 to separate from the RNAP core; however, the o3 globular domain in the
TIC crystals is blocked from an outward movement by crystal packing.

Concluding remarks

For a typical o0 promoter with a discriminator of 6-8 bp (Shimada et al., 2014), the
initiation bubble would grow to 16-18 nt and the initiation complex would accumulate
significant stress when the nascent RNA grows to 5 nt and reaches the o35 loop. This
implies that DNA scrunching, but not the o3 » repulsion, might be the primary contributor
for the stress buildup that drives abortive synthesis and the o-core separation for promoter
escape. In certain cases, o3 » might even be helpful for transition into transcription
elongation since the RNA 5’- triphosphate- o3 » bridging interaction could serve to drag and
guide the nascent RNA into the RNA exit channel. Consistent with this hypothesis, it is
known that initial RNA syntheses are mostly aborted as di- and tri-nucleotides and an
AMPPCP substitution in the first step of transcription leads to only one-tenth to one-sixth of
full transcripts (Fujioka et al., 1991). This might also provide an explanation for the
observation that amino acid substitutions and deletions in the o3 » loop resulted in
disappearance of middle-sized abortive RNAs and a significant increase of trinucleotides
(Pupov et al., 2014). In the absence of a complete transcription bubble, the o3 5 loop, and the
related B-reader loop in eukaryotes, would block the growing RNA, as observed in other
structural studies (Basu et al., 2014; Sainsbury et al., 2013).

EXPERIMENTAL PROCEDURES

Preparation of a C-terminal domain truncated (AaCTD) RNA polymerase

We modified the pVS10 plasmid (Belogurov et al., 2007) using the QuickChange site-
directed mutagenesis kit (Agilent Technologies) to generate a new plasmid pVS10D for
overexpression of the £. coli RNA polymerase core enzyme that lacks the C-terminal 94
amino acids of the a subunit (Aa236-329, or AaCTD). We also replaced the original p’ C-
terminal his-tag with an N-terminal his-tag to the truncated a subunit to help the mutant
protein purification. The AaCTD RNAP core enzyme was overexpressed and purified in
essentially the same way as that for the full-length RNAP core enzyme (Zhi et al., 2003).
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The AaCTD RNAP holoenzyme was prepared by mixing the purified mutant core enzyme
with purified o7 protein (about 1:3 molar ratio) at room temperature for 15 minutes
followed by size exclusion chromatography to remove the extra /0 protein. The
holoenzyme was concentrated to over 30 mg/ml and stored in small aliquots at -80°C after
flash freezing in liquid nitrogen.

Crystallization of the E. coli transcription initiation complexes

The synthetic promoters, which contains the consensus -35 and -10 hexamers and the
extended -10 motif, were prepared by annealing the non-template (NT) strand to an equal
molar amount of the template (T) strand DNA that is complementary to the NT-strand except
for a 6-nucleotide (nt) discriminator region (Figure S1). The transcription initiation
complexes were assembled by incubating the synthetic DNA promoters (50 uM) with the
mutant RNAP holoenzyme (10 mg/ml) at 37°C for 20 minutes in the presence of ATP, GTP
and UTP (1 mM each). The promoters contain a C residue at the -1 position of the template
strand, and the /n vitro transcription was found to start at the -1 position and generate an
RNA tetranucleotide 5’-GAGU-3’ (TIC1 & TIC2, Figure S1). The TICs were used directly
for crystallization at room temperature by vapor diffusion with a reservoir containing 7%
PEG3350, 150 mM MgCl, and 100 mM HEPES-NaOH (pH7.0). After the crystals grew for
about one week, they were cryo-protected in the mother liquor containing 20% sucrose
before flash-freezing in liquid nitrogen. The TIC crystals containing an RNA
pentanucleotide (TIC3, Figure S1) was prepared by soaking TIC2 crystals in the mother
liquor supplemented with 1 mM CTP at room temperature for 30 minutes before flash-
freezing. X-ray data were collected at 100 K at the NSLS X25 beamline. Diffraction data
were integrated and scaled with HKL2000 (Otwinowski and Minor, 1997).

Structure determination of the E. coli transcription initiation complexes

The structures were solved by molecular replacement with PHASER (McCoy et al., 2007)
using the structure of the £. co/i RNAP holoenzyme (Zuo et al., 2013) as a starting model.
The initial difference Fourier map that was calculated using the Fops-Fcalc amplitudes and
phases calculated using the structure of the holoenzyme showed unambiguously the
difference electron density for the helical dSDNA region. The phases were improved by NCS
averaging and the maps were further improved by temperature factor sharpening that
allowed fitting the nucleic models into the density. After fitting DNA into the difference
density in Coot (Emsley and Cowtan, 2004), ten cycles of TLS (#anslation Abration screw-
motion) and restrained refinement were performed using Refmacb (Murshudov et al., 2011)
in the CCP4 suite (Winn et al., 2011). The data collection and structural refinement statistics
are summarized in Table 1. All figures were created using PyMOL (Delano, 2002).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

Crystal structures of transcription initiation complexes with a complete DNA
bubble

o4 domain rotates to accommodate promoter spacer variations

A bridging interaction between the nascent RNA 5’-triphosphate and the o3 »
loop

Template-strand DNA scrunching presses on the o3 globular domain
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Figure 1. Structure of the E. cali transcription initiation complex
(A) Overall structure. The E. coli RNAP core enzyme is shown in a tube and arrow cartoon

representation: blue — a| subunit; light blue — a;; subunit; orange — Bsubunit; green — g’
subunit; yellow — w subunit. The o/0 factor (wheat) is shown in a surface representation. The
promoter DNA (blue — NT-strand; orange — T-strand) and the nascent RNA (red) are shown
in color, and the DNA duplexes from symmetry-related molecules are shown in grey surface
representation.

(B) An overview of the nucleic acids that form the complete transcription initiation bubble.
Nucleic acid chains are color-coded as in Figure 1A, and protein subunits are omitted for
clarity. A metal ion (green ball) marks the catalytic center.
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Figure 2. Promoter Recognition
(A) An overview of the promoter-recognition interactions. Nucleic acid chains (ladders) and

protein subunits are color-coded as in Figure 1A. The conserved -10, extended -10 and -35
regions of the promoter DNA are also shown as sticks. The tryptophan residue of o’ (o
W433) that stacks on the -12 basepair is shown as a space-filled model.

(B) Accommaodation of DNA promoters with different spacer length. o4 domains that
interact with a promoter with a 17-bp spacer (colored red — o4; green —@ flap tip; orange —
promoter DNA) or a promoter with a 16-bp spacer (grey) are superimposed based on the §’
subunits of the corresponding TICs.
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Figure 3. Nascent RNA and the transcription initiation bubble
(A) (left) An RNA tetranucleotide. (right) An RNA pentanucleotide. Blue meshes show the

oa-weighted Fops-Fealc €lectron density map (contoured at 2.0 o) calculated in the absence
of the nucleic acids. Purple meshes show the oa-weighted 2 Fops-Fealc €lectron density map
(contoured at 1.5 o) covering the o0 factor. The bridge helix (BH) and the catalytic metal
center (Mg**) are shown for reference.

(B) A close-up view of the 15-nt initiation bubble. The o0 factor is shown in wheat, and the
RNAP core subunits are omitted for clarity. Blue meshes show the oa-weighted Fops-Fealc
electron density map (contoured at 2.0 o) calculated for the TIC in the absence of the
nucleic acids. The upstream fork of the initiation bubble is maintained through specific
interactions of the o domain with the promoter -10 element and a stacking of o W433 on
the -12 basepair, and the downstream fork is maintained with the help of the fork loop 2
(FL2) and the bridge helix (BH).
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Table 1
Data Collection and Refinement Statistics
TIC1 TIC2 TIC3
17 bp spacer 16 bp spacer 16 bp spacer
4 nt RNA 4 nt RNA 5nt RNA
Data Collection *
Space group P2, P2, P2,
Cell Dimensions
a b, C(A) 237.39, 206.07, 248.70  240.89, 208.17, 256.32  237.68, 204.99, 248.84
a, B,y (°) 90, 116.55, 90 90, 119.31, 90 90, 116.86, 90
Resolution (A) 40-5.50 (5.59-5.50) " 40-6.00 (6.10-6.00)  40-5.50 (5.59-5.50) **
Rineas(%) 13.6 10.3 8.4
/ol 9.4 (0.71) 13.4 (0.48) 12.3 (0.45)
Completeness (%) 99.9 (100) 99.9 (100) 99.9 (100)
Redundancy 4.7 (4.6) 51(5.2) 34(3.2)
Refinement
Resolution (&) 40-5.50 40-6.00 40-5.50
No. reflections 69,849 55,356 69,757
Riorid Reree (%) 25.5/32.9 24.1/32.2 23.4/30.8
No. atoms 94,608 94,608 94,668
Protein 88,284 88,284 88,284
DNA/RNA/lons 6,324 6,324 6,384
B-factors 2195 238.3 198.6
R.m.s. deviations
Bond lengths (A) 0.011 0.014 0.011
Bond angles (°) 151 1.67 1.56
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*
Values in parentheses are for highest-resolution shell.

**|/o|:2.0 at 6.6A(TICL), 6.9A(TIC2), 6.7A(TIC3); I/01=1.0 at 6.0A(TIC1), 6.5A(TIC2), 6.1A(TIC3).
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