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                    Abstract
X-Band pulsed electron–electron double resonance (PELDOR) spectroscopy was used to investigate for the first time the magnetic dipole–dipole interaction between spin labels for frozen glassy methanol solutions at 77 K of double spin-labeled, medium-length peptaibiotics, namely, tylopeptin B and heptaibin. This study was conducted on tylopeptin labeled at positions 3 and 13 (T313) and heptaibin labeled at positions 2 and 14 (H214). PELDOR data analysis was carried out using the theory developed for short inter-spin distances. The distance distribution functions between spin labels for T313 (maximum at 1.76 nm, half-width of 0.07 nm) and H214 (maximum at 2.30 nm, half-width of 0.065 nm) were determined. It is found that the distance distribution function for peptide T313 has the Gaussian shape. The main part of the distance spectrum for H214 has Gaussian shape and additional less intensive broad lines are shifted to high distances range 2.5–3.5 nm. The upper limit of distance spectrum in this case corresponds approximately to the length of extended peptide molecule and the number of such configurations is low. Intramolecular distances between the labels at maxima observed allowed us to assign α-helical conformation to T313 and 310-helical structure to H214 in methanol solution.
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Appendix
Appendix
1.1 Experimental Determination of T = 0 for the PELDOR Analysis
According to Ref. [27], the beginning of the PELDOR analysis, T = 0, corresponds to the coincidence between the falling edge of the first detecting pulse and the rising edge of the pumping pulse (see Fig. 7a). Determination of T = 0 in a real experiment may be complicated by non-controlled spectrometer time delays. This problem can be solved experimentally using the results of the theoretical analysis [36], according to which the direct action of the pumping pulse on the A-spins results in a PELDOR signal phase change. In the case of 3P PELDOR, the jump-type signal phase change takes place when the pumping pulse passes through the first detecting pulse but the phase of PELDOR signal remains constant during the scan up to the second detection pulse. Therefore, the jump point for phase change of PELDOR signal corresponds to the end of the first detection pulse and the beginning of the pumping pulse coincidence. This point is the starting one (T = 0) for the PELDOR signal analysis based on relations presented in Ref. [27]. Note that the phase jump is recorded as the signal amplitude jump at the constant parameters of the spectrometer tunings.
Figure 7b shows the experimental 3P PELDOR out-of-phase signal trace for a glassy solution of the peptide T313 in methanol at 77 K. This trace was recorded under conditions where the magnetic field is fixed at the high-field edge of the EPR spectrum. Under these conditions, the PELDOR signal from the A-spins is recorded when the B-spin part is negligible [26]. Data shown in Fig. 7b correspond to the direct pumping pulse action on the A-spins. As follows from Fig. 7b, after the pumping pulse passage through the first detecting pulse, a jump at T = 0 appeared in the PELDOR time trace.
1.2 3P PELDOR at Finite Duration of Microwave Pulses
Values \( {\upsilon_{0}},\, {\upsilon_{\infty}}, \) and \( \tilde{K}({{DT}}) \) in Eq. (1), which in Ref. [27] correspond to Eq. (65), take the form
$$ \upsilon_{0} = f\left(\omega_{A} + \frac{D}{2}\right) + f\left(\omega_{A} - \frac{D}{2}\right), $$

                    (1A)
                


                    $$ \upsilon_{\infty } = (\mu_{x + } \mu_{x - } + \mu_{y + } \mu_{y - } )\cos \left(\frac{{Dt_{p3} }}{2}\right) + (\mu_{x - } \mu_{y + } - \mu_{x + } \mu_{y - } )\sin \left(\frac{{Dt_{p3} }}{2}\right), $$

                    (2A)
                


                    $$ \tilde{K}(DT) = \mu_{z + } \mu_{z - } \left( {\eta_{y} \cos\left (DT + \frac{{Dt_{p3} }}{2}\right) - \eta_{x} \sin\left (DT + \frac{{Dt_{p3} }}{2}\right)} \right). $$

                    (3A)
                


                  Here, \( f(\omega ) \)is a function which describes the normalized EPR spectrum, \( \omega_{A} = 2\pi \nu_{A} \) is the frequency of the detecting pulses, D is the dipolar interaction function (2), and t
                    
                      p3
                     is the pumping pulse duration.
The vector \( {\mathop \mu ^{ \to }}_{ \pm } \) components in Eqs. (2A) and (3A) are:
$$ {\mathop \mu ^{ \to }}_{ \pm } = (\mu_{x \pm } ,\mu_{y \pm } ,\mu_{z \pm } ) = \left( {\frac{{\delta_{B \pm } }}{{\Upomega_{B \pm } }}\sin \left(\frac{{\Upomega_{B \pm } t_{p3} }}{2}\right), \, \cos\left (\frac{{\Upomega_{B \pm } t_{p3} }}{2}\right), \, \frac{{\omega_{1B} }}{{\Upomega_{B \pm } }}\sin\left (\frac{{\Upomega_{B \pm } t_{p3} }}{2}\right)} \right), $$

                    (4A)
                

where \( \delta_{B \pm } = (\omega_{0B} - \omega_{B} ) \pm \frac{D}{2}; \)
                    \( \Upomega_{B \pm } = \sqrt {\delta_{B \pm }^{2} + \omega_{1B}^{2} }; \)
                    \( \omega_{0B} \) is the Zeeman frequency of the B spin, and \( \omega_{B} \) and \( \omega_{1B} \) are the frequency and amplitude of the pumping pulse, respectively.
Values \( \eta_{y} \) and \( \eta_{x} \) in Eq. (3A) are:
$$ \eta_{y} = \frac{{\sin (\omega_{1A} t_{p1} \sqrt {1 + d^{2} } )}}{{\sqrt {1 + d^{2} } \sin (\omega_{1A} t_{p1} )}}, $$

                    (5A)
                


                    $$ \eta_{x} = \frac{{2d\sin^{2} (\sqrt {1 + d^{2} } \frac{{\omega_{1A} t_{p1} }}{2})}}{{(1 + d^{2} )\sin (\omega_{1A} t_{p1} )}}. $$

                    (6A)
                


                  Here, \( \omega_{1A} \) is the amplitude of the detecting pulses, \( t_{p1} \) is the duration of the first detecting pulse, and \( d = \frac{D}{{\omega_{1A} }}. \)
                  
It is worth mentioning that Eq. (3A) is different from that in Ref. [27] because the sign for the last term was corrected. This correction is related to the wrong sign for η
                    
                      x
                     in Eq. (65) of Ref. [27] because of a typo there.
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